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PREFACE TO SECOND EDITION 

Since the first edition of Vim! Statistics was published a 
new cellSU8 of the United States has been taken. New data 
are therefore available. The tables of population have been 
revised to include the data for 1920 and new tables have been 
added. Interest in the subject of the estimation of future 
population of cities has led to a new chapter on this subject, 
which includes diagrams showing population growth in dif. 
ferent parts of the United States. Emphasis is placed on 
the use of semi-log plotting paper for predicting future popu
lation, - a subject which should prove of speqial interest 
to business men, city planners, and municipal engineers, 
as well as to health officers. The international list of the 
causes of death has been revised in accordance with changes 
made by the Congress which met at Paris Oct. 11-14, 1920. 

No attempt has been made to amplify the questions and 
exercises at the end of each chapter. They were originally 
intended to be merely suggestive. Each instructor will 
obtain the best results by making up problems for his own 
classes based on local data. It will be noticed that Massa· 
chusetts statistics have been largely used throughout the 
book. This is because the book was prepared originally 
for use at Harvard University and the Massachusetts Insti
tute of Technology, and the inclusion of data from other 
states would have made the book too large. It may not 
be out of place to call attention once more to the fact that 
tb.iB is an elementary book. 

The author takes this occasion to express his gratification 
that the subject of vital statistics is rapidly accelerating in 
interest. The fact that the first edition of this book has 

v 



vi PREFACE TO SECOND EDITION 

already been transl9,ted into the Japanese language and that 
Italian and Spanish translations are being made is proof 
that health officers the world over are more than ever appre
chltiug the importance of the science of demography. 

In making the changes in this second edition the author 
wishes to acknowledge the assistance of his secretary, Miss 
Mabel A. Spear, and of Mr. Dana E. Kepner, Assistant in 
Sanitary Engineering, Harvard Engineering School. 

THE AUTHOR. 
CAMnnmaE, MAss. 

Nm.'ftnber, 1922 



PREFACE 
This book is written for students who are preparing them· 

selves to be public health officials and for public health 
officials who are willing to be students. It makes no claim 
to be au exhaustive treatise or a compendium of facts; 
it is merely a guide to the study of vital statistics, an 
introduction to the great world-wide science of demogra
phy- a science yet in the magmatic stage, not yet crystal· 
lized. The Great War is bound to develop this science, 
because herea.fter all the nations of the earth must know each 
other better, and this knowledge, in order to be usable, must 
be condensed into statistical forms. 

Specifically the book tells what statistics are and what 
they are not; it shows how to express vital facts by figures, 
how to tabulate them and how to display them by diagrams; 
it shows how to compute birth-rates and deatll~mt.:s and 
how to analyze a death-rate; it shows how to adjust and 
standardize death-rates a.nd how to make life tables; it em· 
phasizes the need of using vital statistics with truth, with 
imagination and with power. 

For the convenience of school instruction, exercises and 
questions to incite further study are given in each chapter. 
Many subjects worthy of special study, however, are not 
even mentioned, loose ends have been left in every chapter, 
illustrations have been chosen as they came conveniently to 
hand, and the general arrangement has been informal as to its 
subject matter. The object in all this has been to stimulate 
the reader to critically analyze all vital statistics as they ap
pear before him from day to day. Although the illustrations 
have been gathered in a haphazard way, an attempt has been 
made to set forth the elementary principles of the statistical 
method in a simple and orderly fashion. 
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The author wishes to confess that he is not an authority 
oil. vital statistics, much less an authority on demography; 
he is merely a student of the science. He has taken the 
student's privilege of quoting freely from many writers to 
whom he wishes to render acknowledgments and thanks. 
In particular he desires to express his obligations and personal 
regsrds to Dr. William H. Davis, Chief Statistician for Vital 

. Statistics, United States Bureau of the Census, who has read 
the entire proof of this book and given the benefit of his 
careful criticism. 

Just a personal word to the health officem of America. 
A new day is dawning for you. The care of the public 
health is becoming a distinct profession. The medical pro
fession alone is not able to cope with it. The young men 
and women who are to be the executive health officers in the 
next generation are recognizing the need of special training, 
based on the principles of preventive medicine, hygiene and 
sanitation. Schools of public health are coming into exist
e'lee and receiving warm-hearted support. The health ad
ministration of the future will be in the hands of full-time 
officials, who are adequately paid and protected in their 
tenure of office, but who in return for these advantages must 
be adequately trained for their work. The ability to use 
vital statistics in public health work is an important part 
of this training. Many of you have been in office for a long 
time, you have forgotten most of your arithmetic- not to 

' mention algebra. You can see the new era coming and you 
dread the new' methods founded on accurate statistical studies 
of accident, disease and death. There is no need of this fear. 
You can use statistics as well as any one, but you must study. 
This book has been prepared with your difficulties in mind. 

GEORGE CHANDLER WHIPPLE 
CAMBIUDGil, MASS. 

January, 1919. 
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VITAL STATISTICS 

CHAPTER I 

DEMOGRA.PHY 

Broadly speaking demography is the statistical study 
of human life. It deals primarily with such vital facts 
as birth, physical growth, marriage, sickness and death 
and incidentally with political, social, educational, religious, 
sanitary, hygienic and medical matters. In a somewhat 
narrower 8elll!e demography is used as a synonym for vital 
statistics. 

The word "demography " is derived from the Greek 
words demos, people, and grap/w, to write. It is in com
mon use in Europe, but is not as well known or its meaning 

» as well understood in America. High authority for its 
. use is found in the name of that most important triennial 

, gathering of physicians and sanitarians, the International 
Congress of Hygiene and Demography. 

Demography cannot be called a science in the sense that 
it is a classified body of knowl~.dge from which laws have 
been developed and established. But all sciences in their 
evolution go through a descriptive stage in which data are 
collected and hypotheses tested. So regarded demog
raphy may be called a science, -the science of human 
generation, growth, decay and death as studied by statis
tical methods. 

1 



2 DEMOGRAPHY 

The principal divisions of demography.- Demography 
may be said to include the following major subjecte: 

1. Genealogy, which considers individual ancestries and 
personal records. 

2. Human eugenics, which considers heredity from a 
scientific standpoint, and is to a large extent the 
application of the statistical method to genealogy. 

3. The census, that is, the collection of social, political, 
religious and educational facts concerning popula
tion, usually by the method of governmental enum
eration. 

4. Registration of vital facts, such M those concerning 
birth, marriage, divorce, sickness and death, usu
ally under governmental direction and by the use 
of individual records. 

5. Vital statistics, which is the application of the statis
tical method to the study of these vital facts. Tlre!!O 
might be called bio-statistics. 

6. Biometrics, which includes anthropometric studies of 
human growth, stature, strength, etc. 

7. Pathometrics, that is, statistical pathology, which in
cludes detailed studies of diseases and their rela
tions to the human body. These facte are obtained 
largely in hospitals, by health department Jabora• 
tories and by life insurance companies. 

Demography both old and new.- The word "demog
raphy " hM come into use during the last generation, and 
has not even now taken its proper place in the list of recog
nized sciences i but the gathering together of facts relating to 
human life and the expression of these facts numerically 
has been practiced from time immemorial. 

Some parts of demography are older than others. Gene
alogy is very old. "Adam lived an hundred and thirty 
years, and begat a son in his own likeness, after his image; 
and called his name Seth: And Seth lived an hundred and 
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live years and begat Enos: And Enos Jived ninety years 
and begat Cainau; And Cainau lived seventy years and 
begat Mahalaleel: " And so it goes on. Hundreds of 
years before Christ enumerations of the people were made 
for purposes of taxation and for other re!II!Ons, as one may 
read in the histories of Egypt, Persia, Judaea, or China. 
Greece and Rome likewise had their enumerations. 

Many fragmentary data relating to births, deaths and 
marriages were recorded in the old church registers of 
England. Capt. John Graunt ·compiled the vital statistics 
for the city of London in 1662 in a report which attracted 
much attention at the time. In referring to the Great 
Plague in London in 1666 Pepys' Diary tells about the pub
lished " bills," that is, the list of the dead, and givea their 
statistics. 

But the application of statistics and the scientific method 
to genealogy is relatively modern and so are the develop
ments of biometry and pathometry. Sir Francis Galton 
and Professor Karl Pearson, of England, have been leaders 
in this and may almost be said to have founded a new 
school of statisticians. 

Demography, therefore, is both an old and a new 
science. 

History of statistics. - The word "statistics " is nearly 
two centuries old, being first used by Gottfried Achenwall, 
who lived in Jena, 1719-1772. Before that we learn of the 
political arithmeticians in France and Italy and of Aristotle 
who used statistics in describing and comparing different 
states. The systematic publication of the details of official 
statistics owes its origin to Anton Biischvig, 1724-1793, who 
published a voluminous work on historiography and founded 
a magazine in which statistics for various countries were 
brought together and compared. Crome in 1785 published 
important TabelJ.en,..,'itatistik which contained various data 
in regard to population in Germany. 
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Many well-known scientists undertook statistieal in
vestigations. Edmund Halley, 1656-1742, the astronomer 
who discovered the comet which bears his name, compiled 
in 1693 a series of mortality tables and calculated the ex
pectation of life at each age and thus laid the foundation 
for scientific life insurance. In 1713 Bernouilli, noted for 
his hydraulic studies, demonstrated a theory of proba
bilities which, a century later, 1813, was perfected by 
Laplace in his masterly treatise "Theorie analytique des 
probabilites." 

John Graunt, already mentioned, laid the foundatiollll 
for vital statistics when in 1662 he wrote his remarkable 
"Natural and Political Observations upon the Bills of 
Mortality." 

In 1741 Joh. Peter SUssmilch (1707-1767) published an 
important work on ·vital statistics from which be attempted 
to draw some far-reaching moral deductions. He tried to 
demonstrate statistically the doctrine of the "Natural 
Order." Jt'rom the equality of tbe sexes at marriage (at 
birth his ratio is 21 sons to 20 daughters) he derives the 
command of monogamy, From a comparison of urban 
and rural death-rates (in cities one death to 25 to 32 per
sons, and in the country, one to every 40 to 45 persons) 
he censures the unnaturalness, immorality, and luxury of 
city life, "proving statistically " that these bring down 
the wrath of God. 

With the accumulation of statistical data various di
vergencies began to appear. The, political economists, 
headed by Adam Smith ("Wealth of Nations," 1776) and 
followed by Malthus (1804) and others, separated them
selves from the reahn of general statistics. Ritter (1779--
1859) led the study of geography apart. At the end of 
the 18th century the life insurance companies also drew 
away from the considerations of general populations, and, 
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by w.ason of the accumulation of their own data relating 
. /-W deaths, began to depend upon them alone. This split

/ ting up of the general science of statistics and the multi
plication .of the practical applications of statistics led to an 
increasing laxity in method, a condition which we have 
hardly yet outgrown. 

Qu6telet, 1796-1874, aroused much enthusiasm over 
statistics as "the queen of all the sciences." His work on 
probability was justly famous and was an inspiration.to 
Florence Nightingale. Since his time, howe"l'er, this branch 
of the subject bas been more commonly considered as a 
part of pure mathematics and is treated in books on 
"Least Squares," the law of error, and precision of meas
urements. 

Finally, we come to the brilliant works of Galton, Ki!rl 
Pearson and others, already mentioned. 

The history of statistics is a fascinating one, as it flits 
around from country to country, now flourishing in Italy, 
then in France, England, Denmark, Germany, England 
again. The United States has had many able statisticians 
but few statistical mathematicians worthy to be compared 
to Laplace, Qu6telet or Karl Pearson. 

The world's great demographers. -Some of the great
est scientists of the world have been enthusiastic statisti
cians. In some cases their greatness has been due to their 
statistical skill. Even at the present time it is safe to say 
that the most successful health officers are good statisti· 
cians, although it does not follow that all good statisticians 
are successful health officers. 

The following is a short list of men, not now living, who 
have made important contributions to the study of statis
tics, - especially vital statistics. The student will find it 
interesting to add to this list. 
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Capt. Joh,n Graunt (1620-1674), ~f England, 
Melchiorre Gioia (1767-1829), of Italy. 
Sir Francia Galton (1822-1911), of England. 
Willia.tn Farr (1807-1883), of l>'ngland. 
Louie A. Bertillon (1821-1883), of France. 
Alphonee Bertillon (1853-1914), of France. 
Edwin Chadwick (180()...1890), of England. 
Florence Nightingale (1820-1910), of England. 
Edward Janris (1803-18~), of Booton, M....,. 
Lemuel Shattuck (1793-1859), of Boston. 
Sa:muel Warren Abbott (1827-1894), of Booton. 
Carroll D. Wright (1840-1909), of Maeeachueetts. 

Section of Vital Statistics.- The American Public Health 
Association has always manifested a keen interest in vital 
statistics. Some of the reports of its committees have had 
far-reaching effects. In 1907 a Section of Vital Statistics 
was organized in this assodation, and since that date the 
journal of the association, now known as the American Jour
nal of Public Health, has contained many important articles· 
on the subject. Membership in this section is open to regis
tration officials, statisticians, epidemiologists, sanitarians 
and other members of the American Public Health Associa
tion who are interested in vital statistics. 

The " Statistical Method."- Statistics are facts ex
pressed by ligures. Strictly speaking a birth reported and 
recorded officially is not a statistic, but a vital fact; yet 
ilUISmuch as reported and recorded births are commonly 
counted and the results expressed numerically it is appro
priate to regard such a birth record as a statistical unit 
or item, that is, as a statistic. It is not customary, how
ever, to use the word in the singular number. 

By expressing facts by figures it is possible to 1mange 
them in various ways for study and comparison, as, for 
example, in tables and graphs; to classify them; to make 
generalizations; to use them in logical processes and thus 
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to draw inferences and conclusions based on the facts. 
The various mathematical processes used for this purpose 
are collectively known as the statistical method. 

Some of these processes are quite elaborate and involve 
complicated mathematical methods and conceptions, such 
as the laws of variation, dispersion, correlation and prob
ability. For many years there has been a discussion as 
to whether "statistics " should be regarded as a distinct 
science, ranking with physics, chemistry and biology or 
merely as a method. Westergaard expresses the truest 
conception when he says that "it is an auxiliary science in 
many branches of human thought." "There are some 
statisticians who are statisticians and there are some stat
isticians who are mathematicians." There are theories 
of statistics which comprise a very considerable part of 
mathematics. Volumes have been written on the Calcu
lus of Probabilities, on Least Squares, on Variation. On 
the other hand, many of the statistical processes are ex• 
tremely simple and do not get beyond the bounds of 
ordinary arithmetic. The simple processes have a wide 
general use; the more elaborate processes have their place 
but are not commonly applicable or necessary. 

Why we need to use the statistical method. - People 
who do not like mathematics often say "Ob! Pshaw! 
Why do we have to study statistics? Of what good are 
they? " The answer is that in a big world we h•we to 
deal with many facts and the statistical method enables 
us to abbreviate facts, to concentrate them so that we 
can more readily study and compare them and find out 
what they mean. If you want to live in a little world and 
deal with only a few facts then you do not need statistics. 
The head of a small factory may remember the wages of 
each one of his employees. Tom gets ten dollars a week, 
Fred gets twelve, Sam and Bill each get fifteen and Henry 
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gets sixteen dollars. But the head of a large factory in 
whieh there are a hundred hands cannot carry all these 
facts in mind. The bookkeeper of course has a record or 
them, very neeessary for pay-day. The head of the fac
tory may know, however, that ten of the employees get 
sixteen dollars a week, fifteen get twelve dollars and sev
enty-five get ten dollars. The factory superintendent 
needs these statistics. He lives in a large world. The 
village gossip knows the datee of all the births, marriages 
and deaths in town since January first, but she lives in a 
little world. To . .compare these facts with similar facts 
for the next town and the one next to that requires that 
the facts be expressed in figures. Statistics enable one to 
enlarge his horizon. 

Why are statistics thought to be " dry " ? - Statistics 
have the popular reputation of being dry, uninteresting, · 
or, as Shakespeare would say, "flat, stale and unprofit
able." This is very natural, for all figures look alike. If 
we are considering one hundred and t,hirty-seven tons of 
coal we use the figures 137 and if we are talking about the 
same number of American Beauty roses we also use the 
figures 137. If we think only of the figures we see no 
difference between these statistics. It does not ta.ke 
much imagination to visualize 137 roses, their beauty and 
their odor; it takes more, perhaps, to visualize 137 tons of 
coal. And if 37 of the roses are said to be yellow, 60 
white and 40 red, we can visualize the whole mass even 
if we know that they are mixed. The reason why statis
tics are "dry " is because people do not try to visualize 
them. If you don't try to visualize the statistics the 
figures are eoounonplace and of course uninterestieg, while 
if you do try the mental effort is tiring. Moreover, there 
is a real difficulty and that is our inability to visualize 
very large figures. I may be able to visualize a hundred 
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dollars, but I confess not te be able te visualize a million 
dollars, even though I know that it is one thousand times 
as much as one thousand dollars. Also visualization is 
lost, or at any rate confused, when we begin to perform 
mathematical operations with our statistics. 

The way te prevent statistics from being "dry " is to 
keep in mind that statistics are not merely figures, but are 
ligures which stand for facts. 

Is It true that " you can prove anything by statistics " ? 
-We often hear it said "Oh! you can prove anything by 
statistics." Is this true? Suppose we substitute the mean
ing of statistics and say "you can prove anything by 
facts if expressed in figures.'' Obviously this is not so. 
Facts are facts whether expressed in ligures or not. If 
the conclusions are wrong the trouble lies not in the sta
tistics but in the way they are used. The drawing of con
clusions is the function of logic, a process of reasoning, 
a.nd fallacious reasoning should ndt be charged against 
statistics. 

And yet there is something which underlies the popular 
statement. When figures are used to express facts, and 
when the logical processes are applied. to figures, divoreed 
in the mind from the facts for which they st~nd, it is easy 
for fallacies to creep in without being recognized; it is 
easy te compare things which ought not to be compared, 
te genemlize from inadequate data, and to commit all sorts 
of illogical errors. Thus the unscrupulous may fool the 
unwary, and the innocent may fool themselves. Hence 
to use statistics properly one must be able not only to 
visualize the facts but to think logically. Students who 
would be statisticians should therefore study formal logic. 
Some of the common fallacies in the use of statistics will 
be considered on later pages. Honesty and conservatism 
are essential qualities for the makers and users of statistics. 
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There are numerous works on Iogie. One of the best is 
an old one,-" The Principles of Seience," by W. Stanley 
Jevons. It treats not only of Iogie but of th~ scientific 
method in general. 

The national value of "Vital Bookkeeping."- It is of 
the greatest importance to a nation that accurate records 
be kept of its vital capital, of its gains by birth and immi· 
gration and of its losses by death and emigration, for a 
nation's true wealth lies not ln its lands and waters, not in 
its forests and mines, not in its flocks and herds, not in its 
dollars, but in its healthy and happy men, women and 
children. A well man is worth more to a nation than a 
sick man; a man in the prime of life is of more immediate 
worth than an old man or a child, a married man is poten· 
tially a greater asset than a single man. Hence, in a na
tion's vital bookkeeping the number of people, thei.r age 
and sex and conjugal condition, their parentage, their 
health, the rate of births and deaths, are matters of great 
moment. Their environment is also important; their con
centration in cities and villages and congested areas, their 
mode of housing, their occupation, their state of intelli
gence, their economic condition, their knowledge of sani
tation, all contribute to the sum total of their usefulness 
to themselves and to society. 

Vital bookkeeping is carried on much as ordinary book
keeping; there are daily entries of act'CSSions and losses as 
they occur, corresponding to receipts and payments; there 
are weekly statements, monthly statements and annual 
statements; and at longer intervals there is a taking 
account of stock, that is, a census. One important diJfer
ence, however, should be noted. Accounts are accurate 
records of transactions and if properly kept an exact baJ. 
ance will be obtained Vital statistics are not always 
accurate, the individual data are incomplete and subject 
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to error; the results, therefore, lack the precision of mone
tary accounts. It is necessary to keep this fact constantly 
in mind when interpreting the results of statistical studies. 
An understanding of the principles of the arithmetic of 
inexact numbers and of the theory of probability is essen
tial. 

Vital statistics are useful for many purposes. To the 
historian they show the nation's growth and mark the 
flood and ebb of physical life; to the economist they in
dicate the number and distribution of the producers and 
consumers of wealth; to the sanitarian they measure the 
people's health and reflect the hygienic conditions of the 
environment; to the sociologist they show many things 
relating to human beings in their relations one with another. 

Vital statistics necessary for health officer. Vital sta-
tistics a.re not to be co11ectcd and used a.s mere records of 
past events: an even more important use is t.hat of prophe
sying the future. An engineer in planning a water supply 
to last for a generation estimates the future population by 
the previous rate of growth; so also in laying out a system 
of streets and sewers and transportation service. The 
whole idea of city planning is fundamentally based on the 
use of the vital statistics of what has been as a means of 
estimating what is to be. 

The health officer of a city or he whose dutv it is to col· 
leet and record the vital statistics should study them as 
soon as received and not \Vait until some convenient day 
when other work is slack and then merely tabulate and 
make averages for formal reports and permanent records. 
Vital statistics, espedally those of morbidity, should be 
studied in the making, and .i ust as the meteorologist reads 
his instruments daily in order to forecast the weather and 
give wmnings of the coming hurricane, so the efficient 
health officer will daily study the reports of new cases of 
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disease in order that he may be forewarned of an impend
ing epidemic and take measures to cheek its ravages. 

No lighilhouse keeper on a rocky coast is charged with 
greater responsibility than he who is set to watch the 
signs of coming pestilence from the conning tower of the 
health department. Making another comparison, we may 
say that the health service should be organized for rapid 
work like a fire department, with its rapid facility for 
learning that a fire exists and its ever ready apparatus for 
extinguishing the blaze. If the fire alarm is not rung, 
the blaze will spread, and if eases of disease are not reported 
the epidemic will likewise spread. The duty of reporting 
cases of infectious disease rests upon the practicing physi
cians, and thereby hangs a sad and discouraging tale. 

N a tiona! vital statistics. - It has now become well rec
ognized that the maintenance of accurate records of vital 
statistics is a proper governmental function, and no nation, 
state or city can be considered as having a complete gov
ernmental equipment which does not provide for the 
proper collection and permanent record of such statistics. 
But, as will be seen, even our longest governmental rec
ords are relatively short, and for that reason we should 
be careful in drawing general conclusions from them. 

Swedrm. Of modern nations Sweden has a just claim 
to the longest unbroken series of vital statistics. In 1741 
registration of births, marriages and deaths was begun in 
all parishes and since 17 49 a census has been taken each 
year. The principal data for this long period (1750-1900), 
were given in a most valuable paper by Sundbli.rg at the 
International Congress of Hygiene and Demography in 
Berlin in 1907. 

France. In 1790 Lavoisier (1743-1794), after the 
French Revolution, collected extensive data relating to 
the population of that country, the amount of land under 
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cultive,jlinn1 etc., but the first actuaf''. facts;ration of the , 
tants of Paris was not made untill~l7. 
civil code of Napoleon.- One of the most important 
ces affecting modern vital statistics in Europe is the 

1 Code Civil of Napoleon. This law, which was merely the 
' codification of the chaotic legislation existing at his time, 

requires the deelaration of a birth or death to the mayer of 
the community in which the birth or death occurred. Severe 
penalties are provided for failure to make such deelaration 
within the specified period. Declaration is further assured 
by the fact that, from a legal standpoint, a person whose 
birth has not been declared does not exist; he cannot go to 
school, cannot marry, vote, conduct business, inherit prop
erty, or enjoy any civil right. In like manner, deaths are 
very completely reported. The official record of marriage 
is greatly facilitated by the fact that the legal marriage is 
performed at the City Hall by the mayor of the community. 

The reason for adopting such a law in France was, doubt-; 
less, to keep an accurate record of the men available for 
military service, but at the same time it has served admir
ably as the basis of demographic statistics. In viewing the 
effect of the Code Civil of Napoleon, one must not confine 
las observations to Franr.e alone, but include other Euro
pean countries, such as Belgium, Holland, Switzerland, 
Spain, Italy, and Roumania, which have since adopted 
this Code, more or Jess modified, as well as those South 
American countries which have taken the Spanish Code as 
their model. 

England. - In England the old parish reecrds date back 
at least to 1538, when Henry VIII ordered all parsons, 
vicars and curates to keep true and exact records of all 
weddings, christenings and burials. It was not until 1801 
that a national census was taken, and it was not until 1851 
that a complete census was made. The present system of 
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' registration I< ,, on Aets of Parliament between 1836 
and 1901. ''>I 

United State• of America. - America is far behind other 
eivilized countries in its records of vital statistics. There 
is no national registration system, no complete national 
record of births and deaths. This results from our dis
tributive form of government, the control of such matters 
being a state function, not a federal one. The records 
vary greatly in different parts of the country. Some of 
the older states like Massachusetts and New Jersey possess 
fairly accurate records that extend back for several decades, 
but in some of the western and southern states the records 
are either absent or so incomplete as to be worthless. At 
the time of the last census, in 1920, the registration area 
where the death records were considered accurate enough to 
warr9.nt their being published included 82.2 per cent of the 
total population of the country. The health statistics of 
our best administered cities are much inferior to the pub
lished vital statistics of European cities, as, for example, 
those of the Swiss cities or of Hamburg, Germany. The 
United States Census Bureau, now permanent, has become 
increasingly efficient in rooent yeal'l!, and its reports are of 
much value, but not until a centrali2ed public health serv" 
ice has been secured will the nation's vital statistics be put 
upon a high plane of comprehensiveness and accuracy. 

The importance of statistical Induction. - In using sta
tistics we necessarily employ the methods of logical think
ing comprised in what is termed "induction," methods by 
which general tendencies and laws are found from accu
mulations of facts. 

Statistical induction may be said to be one of the most 
potent weapons of modern science. Referring to it Royce 
said that the technique of statistical induction consists 
wholly in learning how to take fair samples of the facts in 
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question, and how to observe these facts aceumtely and 
adequately. 

Statistics are being constantly invoked for testing hy
potheses in all branches of science. This involves four 
dil!tinct processes, -first, the choice of a. good hypothesis; 
second, the computation of certain consequences, all of 
which must be true if the hypothesis is true; third, the 
choice of a. fair sample of these consequences for a test; 
fourth, the actual test of each of these chosen hypotheses. 

Deductive reasoning as well as inductive reasoning is 
involved in the use of vital statistics. It is perhaps the 
natural order of mental processes for the mind pursuing 
an inductive study to leap ahead to some conclusion and 
then fill in the intervening steps by working backward by 
deduction. 

It is by the application of the principles of logic that 
the statistician is able to keep his conclusion within rea
sonable bounds. 

Choice of statistical data. - First, there is the complete / 
s~tistical study which includes a full count of all the units 
within the desired area or within the specified tin1e. This 
method, of course, brings the surest results, but it is often 
impossible. Second, is the rrl()lU)(fl'aphic method, a pro- ' 
cedure in which a detailed and exact study is made of a 
particular group. Where the group selected for study is 
a well-chosen type the application of this method yields 
valuable results but there is danger in generalizing from 
monographic researches. The third method is the repre· ; 
oentative method, a study of certain selected parts repre~ 
sentative of the whole. This is analogous to the method 
of the analytical chemist where chosen samples are analyzed 
and the results applied to the whole. The value of "this 
method depends npon the ooeuracy of the sampling proooss 
quite as much as upon the enumeration of the facts em-
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braced by the sample. The representative method is 
widely used. There are two general methods of sampling . 

. One is that of random selection, the other is that of mix

. ture and subdivision. The object in both ca3es is the same, 
-to secure a sample truly representative of the whole. 
The tendency to take samples of the obvious and the ac
cessible is one· that must be constantly struggled against. 

EXERCISES AND QUESTIONS 

1. How can vital statistics be used to determine relative values in 
public health activities? [See Am. ,J. P. Il, Sept., 1916, p. 916.] 

2. Describe the common method used in compiling genealogies. 
[Con..~ult some syHtematie gertC(1]ogy, ···- ~ay that of your own family.} 

8. Prepare a diagram of your O\V11 ancestry, giving the names of 
your father and mother, the date8 of their birth (and death) and their 
birthplacE$; also lhe s1uoe information as to your two grandfathers 
and your two grandmother.:;; your four great-grandfa.ther8, etc., as far 
as the information can be readily obtaitwd. 

4. Who was Mendel and what iH the 1\lendeliu.n Jaw? [See Rose-
nau's Preventive Medicine and Hygiene, Chapter on Heredity and 
Eugenics.] 

5. What are the primary Jaws of heredity and eugeni(!S? 

6. \Vhat information can you give as to the heights of your father and 
mother, your grandfathers and grandmotJwr>~? Can you illustrate any 
of the la\\'S of heredity, as to height, color of hair or a.ny other char
acteristics, from your own family record.s'? 

7. Can ;you suggest a schedule of anthropometric data to be kept for 
each person [k'J a matt.er of family record? 

8. ·write a short biographieal skcJtch of some person famous for work 
in statistics, demography or vital statistics. (Name to be assigned 
by the instructor.) 



CHAPTER II 

STATISTICAL ARITHMETIC 

Statistical processes. - The principal processes \UIIld in 
the study of vital statistics are these: 

Collection of the facts. 
Classification of the facts. 
Generalization from the facts. 
Comparison of the facts. 
Drawing conclusions from the study of the fact& 
Display of the facts and the results. 

Collection of data. - There are two primary methods of 
obtaining the data needed in demography - enumeration 
and registration. In the first case the statistician goes or 
sends to get the facts. The persons employed are enumer
ators or inspectors. This is the method of census taking 
and is described in another chapter. In the second case 
the facts are reported to the statistician in accordance with 

· established rules and regulations. For example, physicians 
and undertakers are required to send notices of deaths and 
burials to the proper authorities. Some of the methods 
in common use and the laws which govern the reporting of 
vit11l facts are described later on, 

It is important to make sure that the data collected 
are sufficient in kind and number for the purpose for which 
the statistics are intended. It saves time a.nd labor in 
the end to consider C!lrcfully at the very outset just what 
data are needed. Where, as is often the case, the statis
tician has no control over the collection of the data, he 

17 
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should make evezy possible attempt to ascertain the reliabil· 
ity of the sources of information and not attempt to draw 
conclusions not warranted by the conditions under which 
the figures were collected. 

Statistical unita. - The basic statistical process is count
ing. An easy process, - one says; and so it is if we know 
what to count, and if we know what to include and what to 
leave out. Here at the vezy outset we meet our first diffi· 
culty •. 

Before going on stop and define a " dwelling-house.'' 
Is a church a dweUing-house if the sexton lives in it? Is 
a garage a dwelling-house if the chauffeur lives in the sec· 
ond story? Is a building with two front doors one dwell· 
ing-house or two? Is a " three-decker " one dwelling-house 
or three? Or tzy to define an infant, a birth, a cotton-mi!l 
operative or any other unit used in demography. 

Statistical units are the things counted and represented · 
by numbers. Obviously evezy fact, evezy item, counted 
must be included within the definition of the unit. No 
part of a statistical study demands more careful study than 
the definition of the statistical units to be employed. 
Each unit should not only be rigidly, accurately and in
telligibly defined, it should be steadily adhered to during 
the investigation. This is by no means easy. 

In counting the number of deaths in a city should non· 
re~idents be included? Should still-births be included in 
"births"? Has practice in this matter been constant 
during the last fifty y<>.&rs? Has pneumonia always meant 
what it means to-day? And what has be<',ome of the causes 
of death which no longer appear on our lists? It is cer
tainly obvious that all statistics relating to the causes of 
death must be used with the utmost caution, and this is 
especially the case if the statistics cover a considerable 
period of time. 
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Or, let us take the simple matter of age. What is a 
seven-year old child? Shall we take the nearest birthday, 
or the last birthday? · Or shall we do as is done in some 
foreign countries and take the next birthday? In the latter· 
case a child at birth is regarded as of age one. Even the 
United States census has not always followed the same 
method of asc.ertaining age. · 

Errors of collection. - One of the errors of enumeration 
is failure to find the units to be counted. In taking a 
census some persons are never found by the enumerators. 
They may be accidenta.lly missed, or they may be traveling, 
a 'Way from home or hiding. It is said that at the time of the 
1911 census in England, where the data are collected on a 
single day, some of tho suffragettes walked the streets for the 
entire period, so as not to be at home when the enumerators 
called, arguing that if they could not vote they ought not 
to be counted. Failure to obtain complete records is still 
greater when the data are obtained by registration. 

The opposite error sometimes occurs, namely over-regis
tration. This is usually due to carelessness; but padded 
census records have been known to occur. 

There are two kinds of errors which need to be distin
guished - balanced errors and unbalanced errors. For ex
ample, if a thermometer is correct. it may be assumed that a 
good observer will be as likely to read too high as too low 
and that in a long series of readings the errors will balance 
each other. But if the thermometer is at fault aJl of the 
readings will be too low or too high, that is, the errors will 
be unbalanced. Causes of unbalanced errors must be re-. 
moved if possible or, if not removed, the results must be 
corrected for them. 

In recording such quantities as the height and weight oi 
persons the errors may be regarded as balanced, but physi
cians in reporting diseases may by their practice of diagnosis 
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introduce unbalanced errors. Again, the aggregation of 
the records of various. physicians may cause these errors to 
become more or less balanced. 

Finally we have the effect of the personal equafion of the 
collector. His mind may have certain grooves through 
which errors creep into his work. If reading a scale he may 
have a natural tendency to over-estimate the space between 
divisions, -if counting units he may have a natural tend
ency to skip some. What is more serious, he may possess 
the unpardonable statistical sin of carelessness, or worst of 
all, he may be dishonest. Ignorance and failure to under
stand the definition of the units that are to be enumerated 
are also fruitf\]1 sources of error. 

Tally sheets. When many items are to be counted, and 
especially when there are different units which must he 
kept apart it is convenient to use some form of tally sheet. 
Each item is first indicated by a line or a dot and these are 
afterwards counted. There are two common methods -
the cross-fioo method a.nd the cross-ten method. In the 
former every fifth item is indicated by a line which crosses 
four, making a group of five. In the latter nine items are 
indicated by dots, the tenth by a cross over the dots. Other 
devices will doubtless suggest themselves to the rea.der. 
(Fig. 1). 

Tabulation. - For purposes of study and display the 
collected data are commonly arranged in tabular form, 
that is in columns and lines. The preparation of tables is 
an important part of statistical work and cannot be done 
too well. The object of a table is to bring statistics to
gether for comparison, to condense information. Essential 
qualities of good tabular work are clearness, compactness 
a.nd neatness. Tables are expensive to print, hence the 
most should be made of each one. The following sugges
tioDII, if followed, should yield good results: 
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1. Each table should have a title which tells clearly 
what the table contains. Preferably the title should be 
short, but clearness is the main thing. It is excellent train
ing in the use of words to produce an artistic title. 

THE CROSS FIVE METHOD 

Dl8easo Number' 

Measles /,1.1-/ J..l# J..l# I I 17 

Scarlet-fever Willi 8 

WhOOping-cough WI WI WI UH 20 

THE CROSS TEN·METHOD 

D- ll••· ... b. ""· Apr. IMor •••• .... 
:s· 'j, ·q· :if 'I}J' ., - ... . .. Saar- '.t / '/J .. '(j' 0 'i 

WhOOphlg..OOUgh ~~· 2 0 I ~ /19 
I 
I I I 

FIG. 1.- Tally Sheets. 

2. Each column should have a clear and appropriate 
heading. As the space for the heading is often small ab
breviations may be used, provided they are well understood 
or well explained in the accompanying text. 

3. If the heading is complex, that is, i£ certain parts of 
the heading cover more than one column, care should be 
taken to have this clearly indicated by proper rulings. 
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Printers call this "boxing." If there are few columlll! and if 
the. headings are simple, the rulings are unnecessary. 

4. If the different columns of a table are likely to be re
ferred to in the text it is convenient to have each column 
given a serial number from left to right, placed in paren
thesis just below the heading. 

5. Long unbroken columns of figures are confusing to the 
eye; especially if the figures of different columns are to be 
compared on a given line. This trouble can be obviated by 
leaving horizontal spaces between every few lines or by the 
use of horizontal rulings. Sometimes, for purposes of 
reference, each line is given a serial number from top to 
bottom. 

6. The columns of a table should not be widely separ
ated even if there are only a few colu= and the page is 
large. Compactness is a virtue. Much paper is wasted in 
annual reports by badly arranged tables. On the other 
hand • the type used in tabular work should not be too 
smalL 

7. If the figures tabulated have more than three signifi
cant figures it is a good plan to separate them into groups 
of three. ThUH, we should not write 6457102, but 6 457 102. 

Tables 1 and 2 are given as examples of tabulation and 
boxing. From this point on students should criticize the 
tables in this book (a few of which have been intentionally 
made imperfect), and they should use great care in the prep· 
aration of every table involved in the " Exercises and Ques· 
tions.n 



v .... Censl.lll. 

-
(1) (2) 

---
1890 

1 
2 
3 
4 

5 
6 
7 
8 
9 

1900 
1 
2 
3 
4 

5 
6 
7 
8 
9 

1910 
11 
12 
13 
14 

15 
16 
17 
18 

• 

TABULATION 

TABLE 1 

CAMBRIDGE, MASS. 

ESthnates of Popula1ion 

Estimate Estimate &timll.te baNdon -·· booed on U.R. U, Rand state local data. census. cen&us. 

(3) (4) (£) 

··-···-··-···-·· 

23 

Eatim11.t6 l-:.stirn.t\te -by UI1Qd in local board this report. of health. 

(6) (7) 
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TABLE 2 

CAMB'RIDGE, MASS.: llmTH-RATES 

Numblll' of Blrthlll. Birth-rate. 

Yw. Popt:tlat.ion 
estima.te. ~ ... ; Total. -·· 0r08fl. ll..udeol. 

.. ··-
(I) (2) (3) (<) (A) (6) (7) 

Inexact numbers. -In vital statistics we are usually 
compelled to deal with data 1 which are not strictly accurate. 
The figures used to express the results, therefore, should be 
prepared with this fact in mind. Unnecessary figureS 
should be omitted and only those digits should be included 
which are supported by the data. Two guiding principles 
should be followed in making numerical statements of 
data;- first, to have the figures of the compilation depend 
upon and indicate the accuracy of the observations; and, 
second, to carry the final numerical result no further than 
practical use demands. 

Let us take as an illustration the result of the U. S. 
Census of 1920, according to which the population of the 

• Do not misuse this word, It is a plural word. The singular num- • 
ber is "datum," but this is seldom used. Do not say, '(1.'he data 
is ••. ,u but "The data are. , •• n 
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country is stated as 105,710,620. Obviously this figure 
cannot be strictly true. Let us suppose the possible error 
to be as much as 200,000. We might write the result " 106 
million"; but 'this would be needleasly crude, though accu
rate enough for some purposes. We might say that the 
population was between 105.5 and 105.9 million, or we 
might write 106,000,000 ± 0.2 per cent. The U. S. Census 
Bureau publishes the figures as collected, leaving it for 
him who uses the figures to abbreviat~ them into round 
numbers according to the use which is to be made of 
them. 

Experience has shown that very few measurements or 
observations of anything are accurate to five significant 
figures, many not t,o three, and some are doubtful in the 
second figure. 

In tabulating the result" of original data it is best to give 
the figures as obtained. But in discussing the results it is 
better to use round numbers, the number of significant 
figures depending on the accuracy of the data and the needs 
of the problem at hand. 

In presenting figures orally to an audience it is especially 
important to use round numbers. Nothing is more dead· 
ening than for a speaker to tire the ear with the reiteration 
of meaningless digits. 

Example. - Let us suppose that the number of bacteria 
on a plate can be counted within five per cent, plus or minus, 
and that three different tests gave the following numbers: 
-2790, 4220 and 3470 per c.c. the average being 3493. 
Five per cent of this figure is 175;- hence the true result 
might conceivably lie between 3318 and 3668. Obviously 
it would be sufficiently accurate and for many reasons 
better to state the result as :{500 per c. c. Recognizing these 
unavoidable errors in our present methods the Committee 
on Standard Methods of Water Analysis of the American 
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Publie Health Association hl!Jl suggested that statements of 
a.na.lysis should be limited in significant figures as follows: 
Unfortunately the rule has not been lived up to. 

TABLE 3 

RlJLE FOR STATING THE RESULTS OF BACTERIAL 
COUNTS IN WATER ANALYSIS 

Numbers of bMterla found. Recorda to b(l made. 

1 to 50 As found 
51 to 100 To the nearest 5 

101 to 250 " " " 10 
25lto 500 " " " 25 
501 to 1,000 " " " 50 

1,001 to 10,000 " " " 100 
10,001 to 50,000 " " " 500 
50,001 to 100,000 " " " 1,000 

IOO,<XU to 500,000 " " " 10,000 
500,001 to 1.~000,000 " " " 50,000 

1,000,001 to 10,000,000 " " " 100,000 

Perhaps, sometime, demographers will prepare a simila~ 
table for the use of round numbers in vital statistics. 

Vita.l statisticians should at least ~,ndeavor to follow the 
example of the bacteriologists and by concerted action cut 
out fictitious accuracy from their reports. 

Precision and accuracy.- Numerical statements of 
measurements are accurate llJl they approach the true va.lue 
of the thing measured; they are precise as they approach 
the mean of· the measurements. Accuracy talres into ac· 
count unbalanced as well as balanced errors; r.recision is 
concerned with balanced errors only. It is possible for 
results to be precise and yet be erroneous. 

Combinations of inexact numbers. -When data which 
differ in precision are combined it is pQSSible that faults 
may be obscured. Let us take the case of a simple addi· 
tion of the three items in column (1}. 
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TABLE 4 

EXAMPLE OF COMBINA110N OF INEXACT 1ltiMDlmS . 

Item. 

47,386 
9,453 

S!3,782 

Sum 900,621 

(2) 

2 
5 
0.5 

±948 
± 473 
±4219 

(3) 

±5640, or 0.6% 
-----.. ---.. ·---·-·-·-.. ·----~--

The true value of the sum may lie between 895,000 and 
906,000. The result may be written, therefore, 900,000 
::l:: 0.6 per cent.. The percentage error of the sum would 
not, of course, be the sum or even the average of the fignres 
in the second column. 

Ratios. - The ratio between two numbers may be ex
pressed as a common fraction or may be indicated by the 
ratio symbol, the colon (:). '.I'hllil we may write tor 4: 8. 
If the figures are small the difference between the two num
bers can be visualized, but if they are large, as for example 
H4, or 165: 217, it is difficult to appreciate their meaning. 
If common fractions are used to indicate ratios they should 
be limited to those in which the denominator is below 10, 
or is some round number, such as a multiple of 5 or 10. 
Thus we might speak understandingly of a i or a t or a ,"t; or 
a ~~. but not of a. +r or a. 11h· 

For most p!rrposes in statistical work decimal fractions are 
to be preferred to common fractions. They facilitate print
ing as they occupy only one line and do not require the use 
of smaller type. It must never be forgotten, however, that 
a decimal fraction is composed of two parts, just as a com
mon Sraction, namely the figures which are printed and 
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. ( ) h' h . t. • ·-~ Th 3 0.75 75 untty or one w w ts no pnn""". us 4 - - 1- - 100 
= 0. 75. A decimal fraction is therefore just 38 much a rn.tio 
as a common fraction. 

In statistical work we are constantly obliged to compare 
facts on the basis of their ratios. Let us suppose that we 
desire to compare eases and deaths from typhoid fever in 
three different places and that the data are as follows: 

TABLE 5 

PI{I.OO. c..... Dea.tba. 

(I) (2) (2) 

X 54! Ml 
y 672 53 z 247 ao 

In order to make the comparison we must select either one 
or the other quantity as a base, either cases or deaths. 
If we select one death as the unit base we have the following 
ratios: 

TABLE 6 

Place. Number of cases to one death. 

(I) (2) 

X 11.8 i.e. 541 + 46 
y 12.7 672 +53 
z 8.2 247 +30 

If we select one case as the unit base we have the follow
ing ratios, expressed as decimals; 
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TABLE 7 

P""". Numbot or deaths to ont ea~. 

(I) (2) 

··-·---
X 0.085 i.e. 46 + 541 
y 0.079 53+ 672 z 0.121 30+247 

We might however select 100 cases as the base unit, in 
which case the figures are 100 times as large and we have 

TABLE 8 

Ptr oeP.t of 
Plaeo. QaliQ6 whleb 

resulted in 
<h>nth 

(I) (2) --
X 8.5 
y 7.9 z 12.1 

Rates.- Now rates are merely ratios referred to some 
round number as a base. When 100 is used as the base we 
have a peroentage rate, that is a rate per one hundred; 
but we may use 10 or 10,000 or even 100,000 or 1,000,000 
as the base, and very often do so. In many cases we use 
one as the base. Thus we speak of " gallons of water per 
day," meaning the number of gallons of water for one day,' 
the "number of persons per square mile," meaning, of course, 
one square mile. All of these rates, where only two q~;~an
tities are compared may be called simple rates. Simple 
rates have only one base. 

Compound rates are those which have two bases. Thus 
we speak of " gallons of water per capita per day," meaning 
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the number of gallons of water used by one person in one 
day. The "number Of births per 1000 marriages per 
annum " would also be a compound rate. Most of the 
rates used for compa.ris<>n in vital statistics are compound 
rates as they involve both number and time, the latter 
often being understood as one year, the calendar year per· 
haps. 

Misuse of rates. - Fictitious accuracy in the use of 
rates and ratios should be avoided. If 35 out of 57 balls 
were white the percentage of white balls would be 61,404 
per cent. The smallest possible error, i.e., 1, would change 
the percentage to 59.65 per cent or 63.16 per cent. To use 
two· or even one place of decimals is here absurd. Clearly 
for figures less than 100 fractions of per cents are illogical. 
In the same way death-rates for populations of less than 
1000 are useless beyond the third significant figure. Com
parisons of averages of fictitious values are also to be avoided. 

Changes of base in the computation of rates should be 
kept in mind in order to avoid error of statement. Here 
is a well-known illustration: In the year 1880 the receipts 
of a water company were $400,000; between 1880 and 1890 
they increased 10 per cent, that is, they became $440,000; 
between 1890 and 1000 they decreased 10 per cent, that is, 
they became $396,000 (not $400,000). It is said that a 
strike once resulted from this fallacy. A company found it 
necessary to reduce wages 20 per cent for a certain period, 
promising to raise the wages 20 per cent at the end of the 
period. Naturally the men who were reduced from $2.00 
a day to $1.60 thought they would have their pay restored 
to $2.00 but found that the company wished to give only 
$1.60 + 20 per cent or $1.92. The base used should be 
stated in words if it is not perfectly clear from the context. 

When interpreting ratios it should be carefully noted 
whether or not the numerator bears a direct relation to the 
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denominator. In proportion as it fails to do so any infer· 
ence from it is Jess valuable. The ratio between the num· 
her of births and the total population is less close than that 
between the number of births and the number of married 
women of child-bearing age. 

Ratios are sometimes necessarily used in an indirect way. 
Thus the average annual exports and imports are taken to 
represent the business condition of a country. Here, a 
part is taken for the whole. T~ method is proper if, in 
the interpretation, it is recognized that it is a part. Or the 
typhoid. fever death-rate of a city is taken as an index of 
the sanitary quality of the public water supply. It may 
indeed be such a.n index, but it is not the only one. 

In the same way crude death-rates based on total popu· 
lation regardless of sex or age are less useful in studying 
relative hygienic conditions than when these factors are 
taken into account. 

Index. -When it is not possible to find a simple direct 
ratio between two quantities, it is sometimes possible to 
combine several ratios which taken together give a better 
indication of the conditions than any one ratio used alone. 
Thus the prices of various standard commodities sold in 
any one year may be combined to give a single figure which 
will indicate the st,ate of trade during that year. This 
combined result compared with a similar result for the 
following year will enable one to compare the state of trade 
in the two years. When several quantities are thus com· 
biued the result is called an Index, or an Average Index. 
Obvioualy j,here are various ways in which a combination 
may be made. Sometimes the weighted average of several 
quantities is used. 

The index has not come into use to any extent in tho 
study of vital statistics, but it would seem logical to use it 
in comparing the relative hygienic coDditiQil~ of different 

.A 
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cities. This is partially accomplished when crude death· 
rates are "corrected" or adjusted to take into account 
the composition of population as to age, sex and nation
ality. 

Some attempts to compute a satisfactory sanitary index 
will be referred to later on. 

Computation of rates. - The computation of a death
rate for a city is merely a problem in long division. As 
most health officials and some college students will have 
forgotten their arithmetic by the time they read this book 
a few words as to computation may be pardoned. The 
computation sheet should show a record of what has been 
done and should bear the date and the name or initials of 
the computer. 

Let us suppose that in a city of 34,691 people, as shown 
by the census of 1910, the number of deaths in that year was 
549; what was the death-rate per thousand of population? 
In the first place how many thousands of population were 
there? Answer, by pointing off three places, 34.691. All 
that is necessary then is to divide 549 by 34.691. This 
may be done in several ways 

The operation of long division may be done in full, thus: 

34.6ll1)549.000(15.82 - death-rate per 1000. 
34691 
202090 
173455 
286350 
277528 

88220 
69382 

If we are content to be a little less accurate we may 
shorten the work by leaving off one decimal of the popula.
~.i\1111 thua: 
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34.69)549.00(15.82 ~ Answer 
3469 
20210 
17345 
28650 
27752 

8980 
6938. 

The result is not changed. If we write 34.7 instead of 34.69 
we shall get 

34.7)549.0(15.82 • Answer 
347 
2020 
1735 
2850 
2776 

740 
694 

Still no change. Suppose we try 35 as a round number 
for the population instead of 34.7 or 34.69 or 34.691. We 
then get 

3.5)549(15.7 = Answer 
35 
199 
175 
240 
245 

This is evidently incorrect in the decimal. We have gone 
too far in using a round number for the population. 

By using discretion in omitting decimals from the popu
lation divisor much work may be saved. It is pitiful to see 
the energy and time wasted by some health officer.s in using 
unnecessary decimals in performing long-division opera
tions, especially as there are so many labor-saving devices 
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available. An easier way is to use a table of logarithms; 
and a still easier way is to use a slide-rule, a mechanical 
device for applying logarithms where approximate results 
will suffice. 

The desirable degree of accuracy of death-rates is dis
cussed on a later page. 

Logarithms.- Of course you have forgotten how to use 
logarithms. Let me remind you. 

If you multiply 10 by 10 you get 100. You have put 
two tens together, and you might write them thus 102 and 
say that 10" = 100. If you put three tens together you 
get 1000. So that 10' - 1000. And so on. Now, ten is 
the base of logarithms, and we say that the log (meaniog 
logarithm) of 100 is 2, because 2 tens multiplied together 
makes 100. And the log of 1000 is 3 and the log of 1,000,000 
is 6. So also the log of 10 is 1, the ·Jog of 1 is 0, and the log 
of 0.1 is minus 1, i.e., - 1, and so on down. Now if the 
log of 10 is 1 and the log of 100 is 2, what is the log of 20? 
It is between 1 and 2; it is 1 pitts somethir.g. Just what 
this something is you can find from a table of logarithms. 
A short table (five places) gives for the log of 2 the figures 
.30103, so that the log of 20 is 1 plus .30103, or 1.30103. In 
the same way the log of 200 is between 2 and 3; in fact 
it is 2.30103. And so we can find the logarithm of any 
number, taking the decimal from the printed table, and 
putting down the figure to the left of the decimal point 
according to the size of the odginal figure, remembering 
that for figures 

Above 1 but below 10, the ~ is 0 .............• 
10 lj 100, ' 1. ' ........... . 

1(1() >I 1,()0(}, II 2, , , • , , , , • , • , , , 
1()()(} <I 10,()()0, 't 3. , , . , . , , , , . , , , 

The whole number of the logarithm, known as the " char
acteristic," is always one less than the number of digits in the 
number under consideration. 
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)J<'e use those logarithms in this way. Suppose we wish 
to multiply 100 X 10,000. We might do this in the 
regular way, 

10,000 
100 

1,000,000 =- Answer. 

But the log of 100 is 2 and the log of 10,000 is 4. If we 
add these logarithms we get 6, and 6 is the log of our answer. 
That is by adding the logs of two numbers, the sum will be 
the Jog of the product of the numbers. 

And also if we subtrac~ the log of one number from the 
log of another the difference will be the log of the quotient 
obtained by dividing the second number by the first. Thus 
in our death-rate problem the log of 549 is 2. 73957 and 
the Jog of 34.691 is 1.54022. Hence, 

2.73907 
1.54022 
1.19935, which is the log of 15.82 =the answer. 

It must be remembered that the logarithm table contains 
only the decimals. That is we look Up the number which 
corresponds to the decimal .19935 and find the figures to 
be 1582. The whole number of the log, being 1, tells us that 
the result is between 10 and 100, and therefore must be 
15.82. 

In this way the use of logarithms may save the statis
tician much time. 

A table of logarithms of numbers from 1 to 1000, carried 
to five decimal places, may be found in the Appendix. 
Tables in which there are six or seven places of decimals 
can be purchased and are in common use. 

Those who do not feel confidence in themselves in using 
logarithms should consult a textbook of algebra. 

The slide-rule. - The slide-rule is a mechanical device 
for adding and subtracting the logarithms of numbers, 
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and therefore it enables on~ w multiply the numbel'!l for 
which the logarithms stan<'. It does not add or subtract 
the numbers themselves. 

In using the slide-rule it is first necessru:y to understand 
the scale. The logarithms of the numbers from 1 to 10 are 
as follows: . 

TABLE 9 

LOGAIUTHMS OJ/ NT.JMBERS: 1 TO 10 

Number. Lo&aritbm. Number. Logarithm. 

--·-·-·-···-
(!) (2) (3) (4) 

1 0.00000 6 0.77815 
2 0.30103 7 0.84510 
3 0.47712 8 0.90309 
4 0.60206 0 0.95424 
5 0.69897 I • 10 1.00000 

and above 10 the decimals repeat themselves, thus 

20 1,30103 
30 1.47712 

etc. 
If these are plotted on a uniform scale we get the result 

showo in Fig. 2A. It will be noticed that on the number 
scale the divisions grow smaller as the numbers increase. 
It is this number scale which appears on the slide rule. 
There are many subdivisions. Tbe space from 1 to 2 is 
divided into 10 parts, and so are the other spaces. The 
space between 1 and 1.1 is also divided into ten parts; 
but above 2 there is not room for so many lines, so the 
values . of the divisions change and one must be on his 
guard not to make an error in scale reading. It should 
be remembered that just as the main divisions be
tween 1 and 10 are unequal, so are t.he subdivisions be· 
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tween 1 and 2 unequal. The minor subdivisions are also 
unequal but the eye cannot distinguish these small differ-
ences. . 
. Let us first learn how to multiply two numbers - say 
multiply 2 by 4. We use the lower scale on the slide and 
the lower scale on the rule under it. The two scales are 
iust alike. If the left-hand end of the slide is set on 2 of 
the rule, then the distance (a) along the rule is the log of 2, 
and the distance (b) along the slide is the log of 4. The 
sum of (a) and (b), i.e., (c) is the sum of the logs of 2 and 4 
and therefore is the log of their product. And so we find 
that the distance (c) from the end of the rule gives us 8, the 
result, under the figure 4 of the slide. (See Fig. 2B), 

Suppose, however, that we want to multiply 2 by 6. The 
distance (c) would then extend to 6 on the slide, or beyond 
the scale of the rule. . That is the product is more than 10. 
Remembering that the log numbers repeat themselves above 
10, all we have to do is to set the right-hand instead of the 
left-hand end of the slide on the figut·e 2, of the rule and 
then read on the rule the number under 6 of the slide. lt is 
seen to lie between 1 and 2. If the subdivisions of the rule 
were shown on the diagram (Fig. 2C) it would be seen that 
the answer is 12. 

The process of division is just the reverse of that of mul
tiplication. To divide 8 by 4, set 4 of the slide over 8 of 
the rule and read 1 (the end) of the slide on the rule (i.e., 2). 

The upper marks on the ordinary slide and rule are not 
needed for simple multiplication and division. The mov
able wire is used as a guide and reference mark. 

To return to our death-rate problem (above) we may 
divide 549 by 34.69 by setting 3469 on the slide over 549 of 
the rule and reading 1 of the slide on the lower scale of the 
rule. The result is 158+ as before. It is difficult to set 
3469 exactly, so it is impossible to read the result to more 
than three significant figures. 

The slide-rule gives only the sequence of figure. It does 
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not give the decimal point. That can best be detormL ., 
by inspection. (There are indeed rules for the decimal 
point, but they are hard to remember and one need not at
tempt to do so.) Inspection shows that 34 goes in 549 more 
than 10 and less than 20 times; consequently the slide-rule 
result is 15.8+. 

Slide-rules are made in many different lengths, from three 
or four inches up to twenty inches. A ten-inch rule is best 
for general use. The twenty"inch rule is easier on the eyes 
and can be read ~loser, but it cannot be carried in the pocket. 
qeiluloid rules are the best, as the marks are clear, but 
~eap wooden rules are satisfactory for some purposes. 

1 Books of instruction accompany most of the high-grade 
I rules and can always be purchased. 

Every statistician ought to know how to use logarithm~ 
and how to read a slide-rule. Life is too short and time 
nowadays is too precious to d.epend upon the old methods of 
long division and multiplication if much work is to be done. 

Classitlcation and genenlization. -For purposes of 
study it is usually necessary to sort out the various data, 
divide them up into classes, groups or series and to make 
generalizatiollS in various ways. Some of these processes 
are very simple i others are rather complicated. The 
methods used vary according to the nature of the problem 
at hand. As far as possible the simple methods should be 
preferred to the more complex procedures. 

Classes, groups, series and arrays. -Collections of unite 
which differ from other eolleetions by characteristies which 
cannot be expressed in· figures are properly termed sections 
or classeB. Thus, populations are divided into classes ac· 
cording to sex, nationality, conjugal condition, civil divisions. 

Collections of units which differ from other collections by 
characteristics which can be expressed in figures are called 
groups.1 As an example populations are divided into age · 

' This distinction is not universally made, but if rigidly adhered to 
it would r""ult in greater clearness of expression. 
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·6roups, or into groups of persous having different weights or 
heights. 

Data are also arranged in sen:e.~ according t.o some natural 
sequence or some order of magnitude or chronological order. 
When all of the items of a given group are arranged in order 
of magnitude from smaJI to large, or large to small, they are 
said to be placed in array. Companies of soldiers arranged 
with the tallest man at one end of a rank and grading down 
to the smallest man at the other. end form an array. 

Classes of data.- Little need be said about classification 
except. that the definitions of classes should be clearly and 
accuratsly stated, and so drawn as to be mutuaJ!y exclusive, 
that is, it should not be possible for an item to appear in 
more than one class. 

Generalization of classes and groups. -The average, 
although a convenient device for generalizing the facts in a 
class or in a group of observations, has a number of short
comings. It does not give a true picture of the different 
items. Two groups may have the same average and yet 
be composed of very difierent items. Thus: 

6 1 
6 1 
7 2 
7 8 
9 28 

Sum 35 35 
Average 7 7 

In a large number of items there may be one important 
item of large magnitude which might be concealed by the 
average. On the other hand a large item, if erroneous, 
might unduly raise the average and give a false generali
zation. Another name for the average is the mean. 

Some other forms of generalization, therefore, are neces
sary in statistical work. 
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The array and its analysis. -If the items are arranged in 
order of magnitude with the II!UliJlest at one end and' the 
largest at the other they are said to be in array. If the 
number of items is not too great this gives an excellent 
picture of the group. Thus Fig. 3 shows at a glance that 
the two groups on page 40 are different from each other. 

20 

10 

f-- A.veta«e-'1' 

0 ....... 
Flo. 3. ~Example of Differing Groups whlch have the Same Average. 

In an array the magnitude of the middle item is called the 
median. This is a very important unit in statistical analy
sis. The means are the same for the above-mentioned 
groups, i.e., 7, but the medians are different, i.e., 7 and 
2. The median may be the same as the mean, -in fact, 
it usually is near the mean,~ but it need not be tlie same. 

The rrwtk is the magnitude of the item which is most 
eommon among the items. A modish bonnet is one very 
commonly seen; it is the fashionable one. In one of our 
two groups there are two sixes and two sevens and we 
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cannot tell which is the mode. They are tied for first place. 
In the other group the mode is clearly one. 

The magnitude of. the item halfway between the median 
and the upper limit is called the upper quartile, and the 
corresponding item towards the lower end, the lower 
quartile. A quartile is one-quarter of the way from one 
end of the array to the other. See Fig. 4. 

15 

0 

Meltl1111:'7,28 

6 

0 • 
~!11] . J~i .. ~tttt 
FIG. 4. -An Array of Oboervations. 

If there is an even, instead of an odd, number of items the 
median may be taken as the average of the two terms in 
the middle. The same method may be used for getting the 
quartiles. 

The magnitude of the item one-tenth of the way from 
the lower to the upper limit of tbe array is the lower <Ucen
tiw. And so there may be quintiles, and other " iles.'' 

Th- various units help very much to give one a pict\u-e 
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of an array. They are used in various combinations, and 
ratios are m::de up by using them. 

The average, together with the maximum and minimum, 
offers a common form of generalization. The median, 
together with the upper and lower decentiles, is sometimes 
used. The quartile difference, that is the difference be
tween the two quartiles, is used. 

Again the ratio of the maximum (or minimum) to the 
mean, the ratio of the quartiles to the median, the ratio of 
the moan to the median, and other ratios have been used. 

Still another way is to find the extcmt to which the differ
ent items differ from the mean and study these differences. 

This subject, which involves such matters as variation, 
dispersion and the like, takes us into the very heart of the 
statistical method and will be treated at length in Chapter 
XIII. 

Groups. The problem of arranging statistical data into 
groups is a troublesome one, -troublesome because t,here 
are several ways io which groups can Le made and defined. 

Let us ta,ke the case of nine persons whose illness from a 
certain disease lasted respectively 13, 11, 6, 9, 12, 10, 8, 17 
and 13 days. We will consider these merely as whole num
bers and try to arrange them in groups. A common way 
would be: 

(1) (2) (3) (4) 
Days.. . . . . . . . . . . . . . 6-5 5-10 10-15 15-20 
Number of person8,.. 0 4 (or 3'!) (•1 or 5?) 1 

There is confusion here because one does not know whether 
to put the item 10 into the second or third group. The 
groups are not clearly stated. They are not mutually 
exclusive. 

Another way would be to arrange the groups thus, making 
the upper and lower limits both inclusive. 

(1) (2) (3) 
Days. . . . . . .. . .. .. . 0 1-5 6-10 
Number ........... 0 0 4 

(4) 
11-15 

4 

(5) 
!6-20 

1 



44 STATISTICAL 1ut!THMETIC 

A better way would be this: 

(1) 
D11ys . .. .. .. . . . .. .. .. .. . 0~4 

Nurnber ................. 0 

(2) 
.1~9 

3 

(3) 
10··14 

5 

( 4) 
15-19 

1 

The last two methods arc both used. The means for the 
four groups in the last method would be respectively 2 
(average of 0 to 4), 7, 12 and 17. The means for the five 
groups in the next to the last method would be 0, 3, 8, 13 
and 18. 

Let us next take a case where we have to deal with whole 
numbers and fractions, -say to the nearest quarter,
and where the items are 54, 52L 51!, 57, 50l;. 541;, 51!, 
56t, 58 inches. We may group them thus: 

Inches . ................ . 

Group limits, inches .. .... . 
Mean of group . ....... , .. 

(I) 
f 50, 501, 
l 50~. 501 

50·-501 
50! 

and so on 

(2) 
51, .II!, 
51}, 5Ii 
51~51! 

51~ 

(3) 
52, 52! .. 
52L 52! 
52-52i 

52i 

With measurements of quarters it is not possible to de
vise a grouping such that the mean of each group is an 
even number. Neither 50f-51l nor 50!-511: would give .51 
as the mean. 

If, however, we had observations in which the fractions 
were thirds, or fiftbs, or witb some otber odd-numbered 
denominator, we might do so. Thue· if we had .SOi-51! the 
mean would be 51; or if we had G0%-51! the mean would 
be 51. Sometimes it is an advanhgc to arrange the group 
so that the mean of the group is a whole number, but often 
this does not matter. 

Again let us suppose we arc dealing with wbolc numbers 
and decimals (to tenths only). Here the denominator is not 
an odd number. We rnight arrange the groups thus: 
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GROUP DESIGNATIONS 

(1) (2) 
Limits. , ...... , . , . 0 0.1-1.0 
Mean of group .... . 0 0.55 

Limits ... ,., ............... .. 
Mean of group . .............. . 

(3) 
1.1-2.0 

1.55 

(4) 
2.1-3.0 ete. 

2.55 

(1) 
o-o.o 
0,45 

(2) 
1.()-1. 9 

1.45 

(3) 
2.()-2.9 

2.45 

45 

I£ the observations were made to the nearest hundredth 
we might have 

Limits ..•...•...• 
M""" ......... .. 

(1) (2) 
0 0.01-1.00 
0 0.505 

(3) 
1.01-2.00 

1.505 

(4) 
2.01-3.00 ete. 

2.505 

If we had observations of much greater accuracy we would 
approach the following round numbers as the means of the 
groups: 

(I) (2) 
Limits. . 0 0. + , . , 1.0 
Mean... 0 0.5 

(3) 
1. + ... 2.0 

1.5 

(4) 
2.+ ... 3.0 

2.5 

Group designations. - In describing groups it ia techni
cally proper to designate the upper and lower limits of the 
group. For whole numbers this is perfectly simple. Thus 
in our table we may give 

Age 
(1) 0-4 
(2) 5-9 
(3) 10-14 
(4) 15-19 etc. 

If the whole numbers are followed by fractions we may 
assume that any fractions are attached to the whole num
bers and that the maximum figure includes the largest 
possible fraction less than one. Thus 19! would go in the 
fourth group, 14.641 would go in the third group. The 
sign (-) hete stands for" to," i.e., 0 to 4. 
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Sometimes to save spaoo iD printing only one group limit 
is given, the other being undeutood. Thus in the report 
of the Registrar General of England we find the following 
age groups tabulated: 

Age 
o- Meaning 0 to 4 plus fractions 
5- Meaning 5 to 9 plus fractions 

to- eto. 
15-

Where the groups differ by <me, this method is the only 
. practicable one. Thus 

Age 
0-
1-
a
a-

Here we could not state an upper limit without using 
· fraetioll!l. 

A better nomenclature perhaps would be to use the plus 
·. sign instead of the dash, indicating that any fractions were 

attached to the whole number. Thus: 

Age 
O+ 
I+ 
2+ 
3+ 

etc. 

Let us compare two groupings, a and b, the limits of 
which are stated as follows: 

" 4+ 
5+ 
6+ 

b 
4-4! 
5-5! 
6-61 
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The inference would be that the first group, of a included 
ltelDB of magnitude 4 and of 4 pltll! any fraction attached 
to it however small. The average of the ite= in this 
group would be 4.5. In the case of b, however, the infer
ence would be that the measuremente were made to the 
nearest i, and that the items in the first group would be 
only 4, 4i, 4t or 4t, the average of which would be 4f. 

Percentage grouping.- It often happens that what is 
wanted is not so much the number of itelDB which fa.ll in 
!hoo group as the relative number in the different groups. 
" In this case we take the total number of items as 100 per 

cent and find the per cent which the number of items in 
each group is of the total, that is, we make a percentage 
grouping, or a percentage distribution. 

In a certain outbreak of typhoid fever the cases were 
distributed according to ag.e a.s follows: 

TABLE 10 

AGE DISTRIBUTION OF TYPHOm 
FEVER CASES 

Aa:esroup. Numbetol Per cant of 
QMU in gl'OI.lfl, oa&e;~ in aroup. 

(1) (2) (3) 

0-4 42 8.3 
IHI 71 15.3 

UH4 82 16.3 
15-24 140 27.7 
25-34 85 !6.8 
35-44 45 8.9 
45- 34 6.7 
Total 505 100.0 

The figures in the third column are computed from those 
in the second. The use of the slide-rule greatly facilitates 
such computations. The author made the above compur 
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tation of percentages with the slide-rule in less than two 
minutes. For comparison he made the same computations 
by long division, finding that it required three times as 
long. 

Cumulative grouping. A cumulative or summation 
group is one which includes the data for pl'evious groups, 
that is, all of the data from the beginning of the series up to 
the group limit. An illustration will make this clear. 

TABLT•; l1 

AGE DISTRIBUTION OF CASES OF POLIOMYELITIS 

Brooklyn, N. Y., 1916 

Age group. 
Per cent of Age group Per cent in Per e&nt less Age. ca&>9 in group. (<:u"'ulative). gr()up. than stated age. 

(!) (2) (.11 (-1) (5) (6) 

()- 8.5 0· 8.5 
1- 22.0 ()-[ 30.5 8.5 1 
2- 23.9 {}-2 5-i. ·! 30.5 2 
3- 19.0 {}-3 n.4 54.4 3 
4- 7.2 {}-4 80.6 73.4 4 
5- 6.6 o~.i) 87.2 80.6 5 
6- 3.7 {}-6 90.9 87.2 6 
7- 2.5 {}-7 93.4 90.9 7 
8- 1.5 ()..8 94 9 9:l.4 8 
9- 1.3 1)..9 go 2 9·UI 9 

!{}- 0.8 0-10 97.0 

I 

9G.2 10 
ll-15 2.0 0···15 99.0 97.0 11 
16- 1.0 {}- 100 0 99.0 16 

-H)()']-
I 

100.0 
-···· 

The figures in the fourth column were obtained by suc
cessive additions of the figures in the SL'cond eolumn. [ t is 
more common perhaps to state the results of cumulative 
grouping in the manner shown in columns five and six. 
If there are 30.5 per cent in the cumulative group 0--1, it is 
obvious that 30.5 per cent of the cases were younger than 
2 years. 



AVERAGES 49 

The summation table is very useful in many statistical 
problems. 

Averages. -The simplest, most common, and in general 
the most useful method of generalizing the results of a set 
of observations is the average, or arithmetic mean. The 
word mean is practically synonymous with the word average, 
but some writers apply the former to the generalization of 
a group, using the latter to indicate the arithmetical process. 

The average is found by dividing the sum of the magui· 
J,tdes of a number of items by the number of items. The 
;: ~· 13 19 d O< • 13 + 19 + 25 57 - 19 Th ~!overage w , an ""'IS 3 3 . e 

. f 12 14 10 5 d 9 . 12 + 14 + 10 + 5 + 9 -50 averttge o , , , an 1s 5 5 
-10. 

Now what is the average of all the itelll8 in both ofthese 

groups? Without thinking we might say that it is 
19 t 10 

"' 14.!·, but this would be wrong. To prove it add together 
the items and we have 

13 + 19 + 25 + 12 + H + 10 + 5 + 9 107 13a s ==s· ·g, 

which is the true answer. The reason why we cannot take 
the average of the two averages is because the second 
group has five items and t.he first group only three. The 
second group being larger ought to be given a greater 
weight in combining the two. 

Suppose that we give the second group greater weight 
than the first in proportion to the relative numbers of items 
in the two groups. We then have 

19 (the average of the first group) X 3 - 57 
10 (the average of the second group) X 5 = 50 
Thesum is - 107 
a.nd 107 + 8 - 13f. 
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This is what is called a "weighted a1?81'age." It is often 
very useful. Let us take another example of this. 

If one man in a factory earned $30 per week, three 
earned $20 and one hundred earned $10, what is the average 

. 30 + 20 + 10 wage per man? Certamly not . 
3 

· It is 

$80 X 1 =$ 30 
$20X 3= 60 
$10 X 100 • 1000 

104 $)1090 
$10.48 

In reality this is merely an abridgment of the labor re
quired to add together the wages of each particular workman. 

Sometimes it is required to find the average of a series of 
observations arranged by groups. Let us l!$ume that in 
the following table the observations are made only to the 
first decimal place. 

TABLE 12 
-····-·-···· 

Group. Numblft in rroup, Ave~e of &rOup. 
Product of (2) anO (3). 

(1) (1!) (3) 

G-0.9 21 0.45 9.45 
l.Q-1. 9 17 1,45 24.25 
2.Q-2.9 12 2.45 29.40 
3.1H3.9 8 3.45 27.60 

58 58)90.70 
1.56 = 
average 

The g/lQmetric rnean of two numbers is the square root of 
their product. If we have two numbers a and b, the geo
metric mean is ..,(,Jj, It is also called the mean proportional 
between two numbers, because if we let it be represented by 
:e, then a : :e = :t : b, i.e., a is to :t as :t is to b. By al-
gebra, from this equation ab = rr-•. •·. :e = ..,(,Jj, 
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If there arc three numbers the geometric mean would be 
the cube root of the product of the three numbers ; and so 
for larger numbers. 

As compared with the arithmetic mean the geometric 
mean minimizes the effect of very large numbers and 
increases the effect of very small numbers on the final re

sults. For instance, the arithmetic 
. 4 + 20 24 

mean of 4 and 20 1s -
2
- = 2 

= -12. The geometric mean would 
be v' 4 X 20 = V80, = 8.9.5. The 
arithmetic mean of 2] and 100 
would be 51, the geometric Ulean 
14.1. 

Economists often usc the; geo
met ric mean in combining the 
prices of different commodities 
to obtain an index of trade con
ditions. It has not been much 
used in demography, but there 
are places where it might well be 
used. 

There is another kind of average 
known as the. harmonic mean. A 
man travels two miles, the first at a 

Fm. 6.- Machine for rate of 10 miles per hour, the sec-
Sorting Cards. · 

ond at a rate of 20 miles per hour, 
what was his average rate of travel? The obvious answer, 
i.e., 15 miles per hour, is not correct, fm: the man did not 
travel for two hours but for two miles. Actually he 
traveled the first mile in t-u of an hour, or 6 minutes, and 
the second in ..frJ of an hour, or 3 minutes. His average 

time, therefore, was 
6 ~ 3 = ~ = 4.5 minutes per mile, and 
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his average rat6 :.~ = 13.3 miles per hour. The statis

tician seldom has occasion to use this. Algebraically the 

harmonic mean of two numbers, a and b, is a
2 ~bb · 

In the study of data arranged in series, the items of which 
fluctuate up and down but which nevertheless show cyclical 
variations, the moving average is often computed in order to 
obtain a series from which the local fluctuations have dis
appeared. The moving average is a series of averages, each 
based on the same number of items, but each group of items, 
as it advances, adding one new item and dropping one old 
one. If for example we have items io this order:-16, 14, 
18, 17, 18, 17, 19, 15, 13, 14, 11, 12, 10, 11, 8, the moving 
average based on successive groups of three items would be 
16+14+18=16· 14+18+17 -163· 18+17+18 

3 ' 3 - ., 3 = 

17 + 18 + 17 17.7; 
3 

= 17.3; and so on. Sometimes groups 

of five items are taken, or nine, or twenty-one, but usually 
some odd number. An example of the moving average may 
be seen io Fig. 44. Some one has said that the moving 
average is so named because the large amount of work re
quired moves one to tears. Any one thus affected should 
know that there are shortcuts to the results which may be 
found dP.,cribed in works on general statistics. The rrwuing 
'IM&ian 'might be used if the groups chosen contained many 
items. This would require somewhat less work than the 
moving average. 

Mechanical devices for statistical work. -It would not 
do to close this chapter on statistical arithmetic without 
calliog attention to the mechanical devices now available 
for performing the operations of addition, subtraction, mul· 
tiplication a.nd divi!lion, Where statistical operations are 
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EXERCISES AND QUESTIONS 

1. Define the following stath;tieal units~ used by the U. 8, Bureau 
of the Ccmms. 

a. A family. j. A rural CQmmunit.y. 
b. A birth. k, The populat.ioll of a plttce. 
c. A death. I. Cnmmnuicable di~o. 
d. An infant. 'flt, Huiddr-;, 
e. A dwelling how;e. n. Ag•. 
f. A colored person. "· A citiz.t'-n. 
g. A farmer. p. An huhlHtrial ~lccident, 
h. A <'.otton~mill operative. q. A 111lcepiu.g room. 
i. An urban eormnunity. 

~. Criticize the tables in the annual rrport.,~ of ntly health depat·t
mcnt (as assigned by the inrst.r,tetor), us to title, form, boxing, abbrevia
tions, etc. 

a. Di:SCU)')S the to.hl()S in the reports of the u.s. Bun~nu of the Census. 
Should they be taken ns model~? 

'· Is it gootl form to we tho~ following a.bbrcvi::.tlons? 

a. 11 No. of Days," fm X umber of Days. 
b. t• Pop." for populution, 
c. u Av." f(ll' average. 
d, 11 Ty. rate" for death-rate from typhoid fever. 
e. "T. B. rate" for deatb-rRtc from tnberculosiiJ. 

'\Vhat other ill-advised abbrcvi:ttiom; hu.vc you observed? 

8. In on(' ward of a cily 517 births were reported, it, being estimated, 
on the bagis of past cxpcricncE>j that thi6 figure was wit.hin 8 per cent of 
the true number; in a aecontl wnrd t.he report· was 730 births, with an 
CBtimated error of 20 per ecnt; in a third the correHponding figures were 
910 tmd 25 p~r cent; in a fourth, 604 and 18 per cent; what wa.<:; the 
probable number of birt.hs in the dt.y? And what was th~ probable 
percentage error of the total number of report<Jd births? 

&. 1f the death .. rate in a certain city was 20 per thousand in 1910, 
if it decreased 10 per cent thf'ltlOXt yenr, incrc·n1wd 10 pf.:r rent tho yrs.r 
after, decrc~Wod 20 per eent the n<!xt year, increased 20 p~tr ~nt the next 
year, what was the death-rate in 1914? 
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. '(, Multiply the following numbers by the arithmetic process, by tho 
use of logarithms and by the use of the slide rule. Note the relative 
accura.cies of tho re,sult. 

a. 17 X 215. f. 51,672 X 93,721. 
b. 95 X 847. g. 4.7 X 1573. 
c. 2161 X 1050. h. 0.231 X 1.29. 
d. 9230 X 40,373. i. 0.507 X 0.062. 
e. 1o,or2_x 736. j. 432.1 X 13.41. 

8. Similarly perform the following divisiolll!: 

a. 342 + 17. f. 20,073 + 98. 
b. 9467 + 872. g. 763.05 + 40.39, 
c. 473,561 + 2395. h. 8999 .,_ 1101. 
d. 100,262 + 730. i, 30,500 + 10,07. 
e. 0.517 + 2.43. j. 0.03 + 76. 

9. Given the following items! Find the tnean, the median, the mode, 
the upper qua.rtile, 

&,~,~~'~'~~~.~I,~~~~'L 
b. 71, 3, 2, o, 0, 1, 9, 5, 6, 3, 0, 2, 7, 7, o, 4, 0, 2, 8. 
c. 2J 12; 2, 14, 3, 18, 9, 16, 1, o, 40, 00, 3, 22, 7, 15. 

10. Arrange each of the sets of figures in the last question in groupS 
as foUows and find the average of ea.ch set from these groups. 

(ll (2) (3) (4) (5l 

Group limits (inclusive) 0-4 5-9 1G-l4 15-19 20 etc. 
Number of iwms in group .. .. .. .. . ... 

11. Find the arithmetic and geometric means of: 

a. 71 and 19. b. 421 a.nd 7. c. 21, h.nd 11 •. 



CHAPTER III 

STATISTICAL GRAPIDCS 

Use of graphic methods. -Statistics are numerical ex• 
presmons of facts, When the facts are few in number it is 
not necessary to use figures to 1-epresent them, but as the 
number of faets becomes larger a point is reached where 
memory of individual facts must be supplemented by 
generalizing them, by letting a number stand for a class or 
a group of facts. In the same way when the numerical 
processes become complicated, when the figures become 
unwieldy or attain magnitudes beyond the ordinary range 
of familiarity, it is useful to rt'.sort to another process and 
represent the figures graphically. And even when the facts 
are few and simple their representat,ion by diagram is often. 
a distinct aid to the mind in grasping their meaning and 
fixing them in the memory. 

There are t.wo distinct uses of graphic methods and it is · 
important to keep these in mind in preparing diagrams. 
The first use is for study. The relations between different 
groups, classes and series of facts can often he understood 
better from diagrams than from tables of figures. By the 
use of cross-section paper it is possible to interpolate values 
between plotted points, to generalize the facts of a series in 
which the data are more or less irregular, to extend plotted 
curves ahead of the data, thus enabling statistics to be used 
as a basis of prediction, to compare different curves and 
thus establish correlations. Properly used graphic methods 
will greatly assist. the statistician in understanding his data. 
It is a great mistake, however, to think that all statistics 
should be reduced to diagrammatic form, and it must be 

OS 
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remembered that not one person in ten is able to read a 
complicated diagram understandingly. Some regard dia
grama as puzzles to be worked out. To such persons dia

. grams are of little or no practical value. 
The other use of graphic methods is for displaying the 

facts in such a way that they will attract attention, that the 
general results, regardless of details, will fix the.mselves in 
tlw memory. This usc of graphic methods baa greatly 
increased in recent years. We see diagrams of all kinds on 
bill-hoards, iu advertisements, in public health reports, 
in popular and scientific articles, even in moving pictures. 
The growing importance of the whole subject is shown by 
recent publications. The first of these ms a notable book 
by W. C. Brinton 1 on Graphic Methods for Presenting 
Facts, which contains several hundred different kinds of 
graphic representations. A joint committee on standards 
for graphic presentation, compo!led of representative.s of 
·various associations of national scope has been organized 
to consider the subject.' 

'l'hus, on the one hand, we have the diagram forming a part 
of mathematics, and, on the other hand, we find it merging 
into the cartoon; hence we may lay down the general prin
ciple that graphic methods of depicting statistics must be 
selected according to the use to which they are to be put. 

Types of diagrams; - The word diagram may be used in 
a generic sense to include all of the various kinds of mathe
matical graphs, plots, charts, maps and pictorial illustrations 
used by statisticiaus for the display or comparison of nUJ.llllr
ical data. These may be roughly classified as follows: 

1. One-scale diagrams, in which different items are com
pared with each other on the basis of a single mag
nitude seale. 

1 See list of references in Appendix. 
t Copies of a preliminary report may be secured frotn the Am. Soc.. 

Mecb. Eng., 2l! West 39th St., Now Yorio City. 
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2. Two-scale diagrams, commonly known as graphs, 
in which two magnitudes are involved. One of 
these is commonly represented by a horizontal 
scale and one by a vertical scale. These graphs 
take many forms. 

3. Three-scale diagrams. It is difficult to represent 
three dimensions on a flat sheet of paper, but it is 
sometimes done by the so-called isometric method. 

4. Component-part diagrams, in which a single quantity 
is shown in sub-division. 

5. Pictorittl diagrams, or pictograms, a special form of 
the one-scale diagram used for display. 

6. Statistical maps, or cartograms, a special form of the 
two-scale diagram, in which one scale is area ar
ranged geographically, while the other consists of 
differently colored or shaded areas. 

There arc also many miscellaneous types of diagrams 
with specially devised irregular scales, logarithmic scales, 
probability scales, etc., and with one scale superposed on 
another. These are for study and not for display. 

The appeal to the eye. -- Diagrams are intended as an 
appeal to the eye, and advantage is taken of the ability of 
the eye to observe quickly and with fair accuracy: 

(a) Distnnces, as, for example, the relative heights of 
different. points above a base line or the relati¥e 
distances of pointA from some other point or from 
some axis. 

(b) Areas, as shown by comparison of similar figures, 
that is by circles, squares, rectangles or even 
irregular figures. 

(c) Volumes, as shown by comparison of similar cubes, 
cylinders, spheres and irregular figures. 

(d) Ratios, such as the rPlative lengths of parallel lines, 
areas or volumes similar in general shape. 
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(e) Slopes, or the relative inclinations of different lines 
from a base line. 

(f) Angles, a.s shown by the sub-division of the 360 de
grees about a point. 

(g) Shades and colors, a.s shown by areas on pictograms 
and maps. 

Graphical deceptions. - In preparing diagrams it is well 
to bear in mind that the eye may be deceived. There may 
be graphical fallacies as well as statistical fallacies. Some 
of these lOllY be illustrated by well-known optical illusions. 

In l!'ig. 9 the line A appeal'!l to be longer than B. In 
reality they have the same length. The shaded area D ap
pears to be taller than C. In reality they haYe the same 
height. Astigmatism is also the cause of optical illusions. 
Those whose business it is to prepare diagrams for display 
should study these optical condit.ions. 

But there are other and more important ways in which 
diagrams may deceiYe. 

In pictograms we sometimes see two objects of different 
size- say two men, one large and one small, illustrating 
the relatiYe numbers of persons who haYe died from two 
diseases. If the relative numbers are as 2 is to 1, the 
figures would naturally be drawn with the heights in that 
ratio. But to the eye the larger man would appear to be 
more than twice the size of the smaller one, because the 
eye would here judge not the height alone, but the whole 
area of the figure This Yery common fallacy in which one 
dimension is used for plotting, with no reference to the 
other dimensions which automatically changes, may be 
illustrated by the two circles E and F. The diameter of 
F is only twice that of E, but the circle F seems to be much 
more than twice aa large as E. This fallacy may be called 
that of plotting by line and seeing by area. · 

Similarly when a polar diagram is mu.Ue to illustrate 
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the seasonal distribution of some disea.se, the number of 
cases per 1000 persons being indicated by the distance of 
each plotted point from the center, an incorrect idea is 
obtained. In Fig. 21 the death-rate for April and May 

A 

c 0 

F 
E 

Fm. 9. -Optical Ulnsions. 

was in reality only three times that for August and Sep.. 
temher, but from the diagram it looks to he more than three 
times as much. The rea.son is that the diagram was drawn 
as a line diagram, but the eye sees the area as well as the 
lines and the aiea embraced by the enveloping lines increases 
as the points become farther from the center. 
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Other fallacies connected with the choice of scales will be 
pointed out in the consideration of that subject. 
1 Essential features of a diagram. Every diagram, save 
the very simplest, should have a title; one or more scales, 
plainly indicated; a background of cross-section, or co
ordinate lines; the points, lines or areas representing the 
data plotted, marked for identification; and any necessary 
notes or explanations. As a rule diagrams should be self
contained, that is, they should tell the facts without regard 
to the accompanying text. 

The title may be entirely outside of the frame of coOr
dinate lines, with the idea that if the diagram is published 
the printer will set up the title in type. This simplifies 
somewhat the construction of the diagram, but if a lantern 
slide is made it may be that the printer's type will be found 
to appear disproportionately small. If the title is placed 
within the frame of coardinate lines these lines mlli!t be dis
continued and not allowed to run through the letters of the 
title. On machine-ruled paper this rule cannot hold as the 
coardinate lines cannot be erased. It is possible to place the 
title on a piece of white paper and paste it over the cross
section lines. In the case of machine-ruled tracing cloth, 
the lines may be removed by the use of xylol, or gasolene, 
and a clear background obtained for the title. 

In designing the title it is not necessary to use the words 
" Diagram showing the . . . " any more than it is necessary 
to say " Table showing the . . . !' 

The size and shape of the diagram will depend in great 
measure upon the scales chosen, but as diagrams are very 
often reproduced, even though not drawn primarily for 
publication, it is always well to prepare them as if for 
publication, 

For the purposes of a typewritten report, diagrams 
should be kept within the limits of a rectangle 7 by 9! in. 
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The standard typewritten paper is Sj X 11 in., but there 
ebould be margins of 1 in. on the top and left and ! in. on 
the bottom and right for binding and trimming. The 
paper containing the diagram should be cut 8! by 11 in. 
Larger diagrams may of course be desirable or necessary. 

For reproduction most diagrams have to be reduced 
in size. When this is done the diagram as a whole is not 
only made smaller but the letters are made smaller and 
every line made thinner. Care should be taken therefore 
that the letters and figures used are not too small and that 
the lines are not too thin. 
' As a rule letters and figures should be so placed that 
they can be easily read from the bottom or the right-hand 
edge. 

The ooBrdinate lines are used to guide the eye and to 
enable one to read from the scale with accuracy and minute
ness. For display purposes, however, no more coordinate . 
lines ebould be used than are necessary, as too ma.ny are 
confusing. The coordinate lines should be lighter in weight 
than the plotted points or lines in order that the latter may 
stand out conspicuously. 

Too many plotted lines should not be used in the same 
diagram as confusion may result. If there is more than 
one plotted line each should be clearly marked. This is 
especially important if the lines cross or meet at any point. 

Often it is desirable to have the diagram include within 
its boundaries not only the graphic representation of the 
figures, but the figures themselves. 

One-scale diagrams.- The simplest diagram is one where 
the magmtudes of the different items are represented by 
the relative lengths of hues or by narrow rectangles of con
stant width. They are easy to understand and are useful 
for many purposes. The magnitudes represented by the 
liD~ Jn&Y be stated in figures or there may be a scale shown 
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for oomparillOn. See Figs. 10 and 11. The lines may be 
drawn horizontally or vertically. 

An important principle in line diagrams is that all of the 
lines should start from the same base. If this is not done 
comparison is difficult. In the case of Fig. 11, which shows 
the birth-rates and death-rates for two European countries, 
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Fro. 10.- Nutnbers of Deaths frOtn Five Most Important Causes. 
Cambridge, MliBS., 1915. 

it ill ea,gy to compare the births, shown by the total lengths, 
and the deaths, shown by the black, becaUBe they start 
from the left-hand line, but it is difficult to compare the 

·natural increase of population in the two countries, shown 
by the white, becaUBe they have no common base. If the 
Datura! rate of increase is important it is better to use sepa• 
.rate lines for births, deaths and increase as shown in Fig. 11, 
fandd. 
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It is also difficult to compare two lines which, though 
they have a coxnmon baee, extend in opposite directions 
from the base. This, however, is often done_with a fair 
degree of satisf11etion. See Fig. 42. 

FIG. 11. -Comparison of Birth .. ra.tes, Death .. rate& and Rates of 
Natural Increase. 

Diagrams with rectangular coOrdinates. -Most of the 
diagrams used to illustrate statistics are of the two-scale 
type. There is 11 horizontal scale with magnitudes increas
ing from left to right and a vertical scale with magnitudes 
increasing from bottom to t<:>p. It is custoiuary also to 
rule in 11 sort of checker-board consisting of parallel ver
tical and horizontal lines to guide the eye in following the 
scales across the paper. To further assist the eye heavy 
lines are used for the round numbers of the scale and finer 
lines for sub-divisions, It is good practice also to always 
use for the zero line a line as heavy as the plotted line. 
Usually this would be the bottom line and the left-hand 
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line. If there be no zero, as in the case of a scale of years, 
the heavy line would not be used. In the case of peroent
age diagrams both the zero per cent line and the hundred 
per eelit line should be heavy. The numerical values for 
'the sub-divisiollll of the scale are shown in figures, prefer
ably at the bottom and left side of the diagram. Sometimes 
they are placed also at the top and right. Thus the zeros of 
both scales are supposed to be at or near the lower left
hand corner; but ciroumstances may compel some different 
arrangement. 

In diagrams of this kind lime, whether in years, months 
or days, is generally expressed by the horizontal scale 
and ·always runs from left to <right. Such diagrams are 
sometimes called historigrams, sometimes merely graphs. 

The distances measured along the vertical scale are known 
to mathematicians as ordinate., the distances on the hori
zontal scale as abBcissae. 

There are sevel'al ways of plotting with two scales. 
One way is to use the vertical scale as a measure of the 
length of certain vertical lines, each of which represents 
the magnitude of an item, and to use the horizontal scale to 
indicate the occurrence of the item. Thus in Fig. 12 we 
have a daily record of the rainfall for' one· month. Each 
rain! all is represented by a line of appropriate length, the 
position of the line showing when the rain occurred. This 

. method is especially adapted to events which occur intermit
tently, and without regular gradations, that is to discrete 
series . 
• The rainfall data might have been indicated by dots, or 

crosses placed at the tops of the lines, the latter being left 
· qut. This would be misleading, however, unless similar 
dots I" crosses were placed on the zero line for the days of no 

'. minfa.ll. This would not look well, and it is never done. 
The vertical line method or ordinate p/.Qlting is sometimes 
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used for plotting data in series, the horizont,al scale repre
senting time. Thus we may compare the death-rates for 
dift'erent years by a diagram such as that shown in Fig. 13 A. 
This, however, is a continuous s~ries and may be plotted 

~1 10 15 
July) 1911 

FIG. 12.- Example of Plotting a Record of Rainfall. 
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O~_LJ_~_L~LL~~LL~~-L~~~~-' 
024081012 024681012 02.681012 

Ol"dinate11 l'rotlle Ourve 

FIG. 13. -Example of Simple Plottings. 
• 

as a broken line, known as a profile lioe, which shows 
continuity. See Fig. 13 B. For most purposes this profile 
method is to be preferred to the vertical line method1 but 
the la.tt.er is perhaps understood better by persons not 
familiar with graphic methods. 
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Still another way would he to plot the data as dots, or 
crosses, and draw a smooth curve through them to show the 
trend of events. This implies that the data are subject 
to errors and that the smooth curve gives a better picture · 
of the true events. See Fig. 13 C. The art of smoothing 
curves is described in most books on statistical technique. 
In general it may be said thatJhe rules usually laid down 
are based on the laws of probability. 

Use of the horizontal scale. In the illustrations just 
given and in many which are to follow the divisions of the 
horizontal scale are taken to be definite points of time, namely 
days and years, each point being plotted directly on a ver
tical line. This does very well for plotting yearly records 
which run on continuously, and there is no objection to the 
method for practical purposes. In fact it is the common 
method. It is not, however, strictly accurate; for a year is 
not a point of time, but an interval of time. The logical way 
is to let the space between the lines represent the year, the 
vertical lines marking the boundaries. Graphs are often 
made on this basis. 

TABLE 13 

NVMBER OF DEATHS: EXAMPLE FOR PLOTTING 
····--···· 

IWnth. n.&tbs. Montb. n.&tbs. Month. D<otbs. Month. tloatbs. 

(I) (2) (I) (2) (1) (2) (I\ (2) 

Jan. 40 Apr. 27 July 20 Oct. 17 
Feb. 30 May 23 Aug. 17 Nov. 20 
Mar. 25 June 25 Sept. 15 Dec. 25 

Here the problem is to divide the horizontal scale, which 
"'presents a year, into twelve parts, each of which represents 
a month, and plot one point for each month. Now we get 
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FIG. 14. - Examples of Time Plotting. 

into trouble if we plot the data on the lines, for we might 
do this in two ways, as in Fig. 14, A and B. In one case 
we plot the point at the beginning of the month, in the 
other, at the end of the month. Of the two the latter 
is to be preferred. It would be more logical to plot the 
points in the middle of the spaces as in Fig. 14, (J or D. 
If the figures plotted represent the monthly averages of 
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Several items occurring in each month the method of plot
ting shown in Fig. 14 E is a proper one. Fig. 14 F shows 
how one may plot the mean as well lUI the maximum and 
minimum item for each month. At present there is no 
well~tablished custom in regard to these methods. Plot
ting :on the line is usually followed simply because it is 
easier and makes a neater diagram. Its illogical character 
seldom causes serious misunderstandings. 

Plotting figures by groups. -The plotting of individual 
observations is comparatively easy; but it is difficult to 
decide how to plot the totals and means of groups, and still 
more difficult if the groups are irregular. This can best be 
appreciated by an example, Let us undertake to plot the 
following data: 

TABLE 14 
DATA TO BE PLOTTED 

(1aot b\:l'hday). 
N11mberol Number of AVerage number ....... ............. """'In of callUil ror each 

group. ,...... 
------·--· . 

' (1) (2) (8) (4) (5) 
_ .... 

0 I 

}~ 1 2 
2 2 12 2.4 
a 4 
4 3 
5 I 

}H 6 4 
7 3 15 3.0 
8 5 
9 2 

10 6 

!1~14 11 4 
12 7 25 5.0 
13 5 
14 a 
15 4 

}1~19 16 6 
17 5 20 4.0 
18 3 
19 2 
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If we plot the individual items we have the result shown 
in Fig. 15 A. If we plot the tctal numbers of cases in 
each group we may do so by the methods B, C, or D. 
In these the horizontal scale represents not individual ages, 
but groups. We may indicate this fact by using the 
hyphens as shown. In B we have plotted the figure 12 on 
the line which indicates the maximum limit of the group 
o-4, 15 on the line which indicates the maximum limit of · 
group 5-9, etc. In C we have plotted 12, 15, etc., in the 
middle of the. spaces which represent the groups. In D 
the height of the horizontal line above the base is taken 
to represent the total and extends across the group limits. 
If we wish to show both the individual observations and 
the means for the groups we may plot as in E. 

In plotting by groups care should be taken to make it 
clear that the horizontal scale stands for groups and that 
the vertical scale stands for the number in the group. · 

Plotting irregular groups. - Let us now take the cwse 
of irregular groupings. Assume the following data: 

TABLE 15 

DATA TO BE PLOTTED 

Number of A-ver/\a;e for 
Agoa:tuup. 

(l88Qtl ia a:l'(!up, ~byeari.n 
;roup. 

tl) (2) (ll) 
~·-·----

6-4 4 0.8 
ft-.9 6 1.2 

16-14 8 1.6 
15-19 6 1.2 
20-29 7 0.7 
30-39 5 0.5 
40-W 8 0.4 
60-79 6 0.3 
80-99 3 0.15 
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In the ~ ' 'ooe we must find some way to indicate t!) 
: .. the eye the varying intervals of the group. The first four 

groups cover five years, the next two ten years and the 
last three twenty years each. We might do this as in 
Fig. 16 A, in which the heavy vertical lines indicate the 
group limits. In B the coordinate. Jines are regular and the 
group limits are shown by the emphasized horizontal scale. 
In C the blocks indicate the group limits. Not one of these, 
however, gives an adequate picture of the distribution of 
the cases oocording to age, because the groups are not 
uniform. All three diagra:rns are fallacious beeause the 
ordinates are not strictly comparable. Tbe best way to 
show distribution by age is to make the groups comparable 
by reducing all to a common denominator. This can be 
done by finding the average number of cases for each year 
in the group. The results are shown in Fig. 16 D. Here 
the irregular grouping on the horizontal scale is maintained, 
yet a good idea is given of the distribution of the cases 
according to age. 

Summation diagrams. - For many purposes it is desir
able to plot the results obtained by the successive BUlDlUll.

tion of the items in preceding groups. This gives what are 
called summation diagrams, cumulative plots, mass plots or 
mass curves. This may be illustrated by the data on p. 77. 
· These data are plotted in Fig. 17. Sometimes instead 
of connecting the plotted points by straight lines a curved 
line passing approximately through them is sketched in, 
It should be noticed that in this diagram the horizontal 
seale stands for age and not for age-groups. 

One use which can be made of a plot of this kind is to 
find the median of the series. There are 53 cases in all. 

· · The middle one is the 27th. From the scale this item has !I 
'Value of 24 years, as shown by the cross. In the same way 
the quartiles may J:?e found and the decentiles. 
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FIG. 17.- Example of Cl.lltlulative, or Summation Plotting, 



TABLE 16 
DATA TO BE PLOTTED 

Number Number ol calM!$ - of cues. 
Summa:.tion gM'IJP• A.._ -than stated -··-

(1) . (2) (1l) (4) (!) 

Q-4 4 Q-4 -
!H) 6 D-9 5 4 

!D-14 8 D-B 10 10 
15-19 6 Q-19 15 18 
:JJ-29 7 o-29 20 24 
30-39 5 o-39 30 31 - 8 o-59 40 36 
00.·79 6 o-79 60 44 
Bo-99 3 o-99 80 50 

Total 53 100 53 

····-

Another use is that of redistributing the cases according 
to a different age-grouping. Let us suppose that we desire 
to find the number of cases between the ages of 35 and 45, 
i.e., in age-group 35-44. From the vertical scale and the 
plotted curve we find that there are 38 cases below age 45 
and 33 cases (approximately) below age 35, hence there 
are 38 - 33 = 5 cases in age-group 35-44. This principle 
may be usefully applied in redistributing the population of 
a city into age-groups in connection with the computation 
of specific death-rates. 

Choice of scales. - The choice of both scales is a matter 
of great importance, for it not only influences the size and 
shape of the diagram, but controls the slopes of plotted lines 
and the apparent differences between plotted points. In 
Fig. 18 we have the death-rates of Moscow from 1881 to 
1910 plotted by five-year groups according to two dif- • 
ferent scales. The two diagrams look to be quite different, 
and B gives the impression of a greater decrease in rate 
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' 
than A because on account of the gredter vertical scale 
and the smaller horizontal scaJe the slope of the plotted 
line ia more. 

Sometimes for purposes of comparison two lines are 
plotted on the same sheet, each having its own vertical 

scale. Here the choice of 
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the proper scale is all-im· 
portant. 

It sometimes happens 
that in order to show the 
desired variations in a series 
of plotted ordinates a scale 
must be chosen so large 
that the zero point would 
fall too far below the 
plotted point to have it ap
pear on the diagram. Right 
here lurks a graphical fallacy 
which may be serious. It is 
best appreciated by study· 
ing an actual illustration. 

Fig. 19 shows the general 
death-rate and the tuber
culosis death-rate per 1000 

ILL~ .., inhabitants in Boston, 
F10. 18.- Death-rates: Moocow, Massachusetts, from 1881 

1881-1910. Showing Effect of to 1911, the figures being 
Changing Scales. 

plotted in five-year groups. 
In A different scales are used and the scales do not ex
tend to zero on tbe base line. In B the same scale is 
used for both series of items. From diagram A one would 
get the idea that the tuberculosis rate was decreasing 
much faster than tbe general death-rate, but from diagram 
B the opposite idea would be obtained. 
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Fig. 20 shows the reduction of the tuberculosis death
rate in Boston expressed in terms of the percentage which 
the death-rate of each period was of that for the period 1881 
to 1885. In B the vertical scale is carried down to 0 per 
cent at the base line. This gives a true picture of the re
duction which has taken place and the death-rate remaining. 
In A the vertical scale is not carried to the base line and the 
diagram gives the optical impression that the reduction 
has been greater than it actually has been and that the rate 
at the end of the period was very much less than at the 
beginning. Brinton has suggested that when the base line 
does not represent the zero of the vertical scale it should be 
drawn as a wavy line instead of a straight line, and this 
idea has much merit, Where two different vertical scales 
are used, and one goes to zero at the base line while the other 
does not, the wavy line may extend only half way across 
the diagram from that side of the diagram where the scale 
does not go to zero. C in Fig. 20 illustrates the appear
ance of a diagram drawn in this way. The wavy line 
implies that the lower part of the diagram is omitted. The 
·form shown in D is even better. 

Diagrams with polar coordinates.- Fig. 21 illustrates 
a diagram with the ordinates represented by distances 
.from a central point along radial lines, the abscissm, if we 
may use the term out of its pl!l~e, being represented by the 
angle which the ordinate make-s with the vertical measured 
clockwise around the circle. This form of plotting has 
'a limited application and because of its inherent fallacious 
character should be abandoned. 

Double coilrdi.nate paper. -Sometimes it is convenient 
t9 use what may be called double coordinate paper. This 
is illustrated by Fig. 22. Here the plotted line may be 
!read against either set of coordinates. The horizontal 
lines give the number of deaths from typhoid fever, the 
acale being at the left. · The inclined lines give the death· 
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rate per 100,000. Thus in 1900 the number of deat.hs 
was about 305, the death-rate about 27 per 100,000. The 
slope of the inclined lines depends upon the increase in 
population. The black inclined line represents popula
tion and this may be read for the censal years from the 
right-hand scale. It will be seen that the ratio between 

FIG. 21. -Example of Radial Plotting. 

the right-ho.nd o.nd left-ho.nd scale for any horizontal line 
gives the rate for the heavy line, i.e., 200 + 1,000,000 = 

20 . 
100 000

, or 20 per hundred thol183lld. So also 100 + 500,000 . . 

- 20 per hundred thousand. Any point on the heavy 
line, therefore, gives a rate . of 20 per hundred thousand. 
The rate line for 10 per 100,000 is one~half way to the line 
between the heavy line and the zero or base line, on each 
vertical line which represente a census. The rate line of 30 
is, on each vertical, as far above the black line as th(rate 
line of 10 is below it. And so on. · 

In the example chosen the typhoid fever rate in Brooklyn 
has fallen since the date of the last plotting, i.e., 1906. 
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Semi-logarithmic cross-section paper.- Thus far we have 
been dealing with regular scales in which the intervals are 
uniform from one end to the other. It is possible to construct 
l!cal.es with intervals which are not uniform, but which vary 
in a systematic way. These are used for special purposes . 

. The most common scale of this kind is the logarithmic scale. 
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Diagrams in which the vertical scale is logarithmic and the 
horizontal scale unifonn are sometimes called " ratio 
charts." These have been used by engineers for many 
years, but. they are only beginning to be appreciated by 
statisticians. 

It will be recalled that the logarithms of the decimal 
numbers are as follows: 

TABLE 17 

LOGARITHMS OF NUMBERS 

Numlm. l..opritbm. 

(I) (2) 

1 0. 000 
10 1.000 

100 2.COO 
1,000 3.000 

10,000 4. 000 
100,000 5. 000 

1,000,000 6. 000 

As each number increases t.cnfold the logarithm increases 
by one; and in general it may be said that as numbers 
increase at a regular rate the logarithms increase by a 
regular increment. From the logarithm tables 1 it may be 
seen that the log of 10 is 1.0000, and that if 10 is increased 
by 25 per cent and becomes 12.5 the log of 12.5 is 1.0969, 
an increment of 0.0969. The log of 50 is 1.6990. 50 in
creased by 25 per cent is 62.5. The log of 62.5 is 1.7959, 
an increment of 0.0969 as before. The log of 1570 is 3.1959. 
1570 increased by 25 per cent is 1962.5 and the log of this 
is 3.2928, an increment of 0.0969 as before. H, using a 
uniform scale, we plot figures which increase at a constant 
:ate we shall get a curve as shown in Fig. 23 A. Let us 

• S.. Appendix. 
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start with a population of 100 in 1870 and assume an in
crease of 2Q per cent each decade. We then have the 
following: 

TABLE 18 

DATA TO BE PLOTTED . 

Year. Popula.tion. r.olaof porm-
tion. 

·····-
(1) (2) (3) 

1870 100 2 0000 
1880 120 2.0792 
1890 144 2.1584 
1900 173 2.2380 
1910 207 2.3160 
19'.!0 248 2.3945 
1930 299 2.4757 

The figures in column (2) are plotted in A. If we plot the 
logarithms of the numbers in column (2) we have a straight 
line as in B. This being so, why not label the horizontal 
lines with the numbers in column (2) instead of their 
logarithms? This is done at the right of the diagram. It 
will be seen that the vertical scale is not made up of uni
form intervals, but aside from that fact it is a perfectly 
good scale. In C we have a diagram in which the· vertical 
scale (represented by the horizontal lines) is drawn on this 
basis, and it will be seen that the figures in column (2) 
plotted on it fall in a straight line. This is a single loga
rithmic, or in simpler words, a ratio chart. Figures increas
ing at a constant rate plot out as a straight line on paper 
thus ruled, i.e., with a uniform horizontal scale and a 
logarithmic vertical scale. 

There are two uses for semi-logarithmic paper. One is 
to show variations in rate. If we plot the population of 
the United States on ordinary cross-section paper with 
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uniform sca.Jes we obtain an ascending curve, but from w. •. 
we get no idea of the constancy of the rate of iocrease. This 
is shown io Fig. 24 A. But if we use semi-log cross-section 
paper, as io B, we find that the rate of iocrease was con
stant from 1790 to 1860, but thatsiooo the Civil War the rate 
has been nearly constant yet not as great ·as before. On 
this paper equal slopes mean equal rates of increase, while 
on uniform paper equal slopes mean equal increments. 
El<amples of the use of semi-log paper in plotting death
rates will be found on later pages. 

Another use is that of enabling us to plot on one sheet 
observations which cover a very wide range. If we were 
using a uniform scale to plot such figures we should have to 
wake the scale so small that individual differences between 
the small numbers could not be discerned. It will be 
noticed that on the semi-log paper the iotervals for the small 
numbers are larger than for the high .numbers, so that if 
plotted on this paper we can still read differences io the 
lower part of the scale. The upper part of the sca.le is fore
shortened. In fact we can discern the same percentage 
differences io all parts of the scale. 

Warniog must be given against the too frequent use of 
semi-log paper. Because of its unequal sca.!e divisions it is 
not well understood by the general public. It is a plottiog 
p&per which should be used for study rather than for dis
p,lay. It is not well adapted to the plottiog of vital sta
l;istics by months, because it is not the rates of change 
IICcordiog to seasons which interests us, but the actual 
eha.nges. It must be remembered that semi-log paper is 
~atio-pa.per. 

l.ogarithmic cross-section paper. - By logarithmic cross
aeetion paper we usually mean paper on which both the 
!lorizontal and the vertical scales are logarithmic. Here 
the ratios are in both directions. It will be observed that 
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the inl;erval from 1 to 10 is the same as that from 10 to 100, 
from 100 to 1000 and so on. One objection to the loga· 
rithmic scale is that it does not go to zero. The interval 
below 1 runs from 1 to 0.1, the next from 0.1 to 0.01, the 
next from 0.01 to 0.001 and. so on. 

This paper is very largely used in scientific work, but its 
use for statistical purpoaes is somewhat limited. 

Ruled paper. - It is not difficult to rule your own cross· 
section paper, although it is tedious work. Many sorts 
of ruled papers are on ·the market and mm be purchased 
from dealers in eugineering drawing materials.' The fol-

. lowing scales are convenient for ordinary work: 
(a) Inches subdivided into tenths in both directions. 
(b) Half inches subdivided into tenths in both directions. 
(c) Inches subdivided into tenths in one direction and 

into twelfths in the other direction, - useful for 
plotting data for the twelve months of a year. 

(d) Semi-log paper, with inches subdivided into tenths in 
one direction, and with a logarithmic scale from 
1 to 10,000 in the other direction. 

(e) Arithmetical probability paper. 
(j') Logarithmic probability paper. 
(g) Paper with horizontal scale ruled for the calendar year, 

and vertical scale in inches subdivided to tenths. 
It is possible to buy traciug cloth ruled in croS!Hlection 

form, but the kinds of ruling are limited. Such cross
section tracing cloth is sold by the yard, width about 26 
in., and may be cut to sheets of desired size . 
. · Mechanics of diagram making.- For making diagrams 
it is advisable to provide a regular draughtsman's equip
ment. This should include: 

(a) A drawing board of appropriate size. For small 
diagrams a size of about 12 in. by 17 in. is satis
factory. 

I Such as the Codex Company; 119 Broad St., New York. 
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(b) A too-square long enough to extend across the draw-
ing board. 

(c) A 30-degree triangle, 10 in. long, celluloid. 
(d) A 45-degree triangle, 6 in. long, celluloid. 
(e) A lettering triangle, to give slopes for letters. 
(f) A ruling pen. 
(g) One or more scales, steel, celluloid or boxwood, 

variously ruled in tenths, quarters, etc. 
(h) Black drawing iuk (Higgins). 
(i) Thumb tacks. 
(j) Brown " detail " paper. 
(k) Tracing cloth. 
Other equipment may be needed according to the nature 

of the work. 
Lettering. - There is much truth in the statement that 

good letterers are born and not made. Yet it is Sllrprising 
how much one can improve in lettering by giving attention 
to a few guiding principles. 

For most diagrams it is best to adopt a very aimp!e style 
of Jetter. Shaded letters look well on maps, but are out of 
place on line diagrams. The two styles shown in Fig. 26 
are suitable for ordinary work. The choice of a vertical 
letter or a sloping Jetter is largely a matter of taste. Most 
people are more successful with sloping letters. They can 
be made a little more rapidly, but they are perhaps a little 
more informal than vertical letters. 

It is important that letters appear t.o be uniform in 
height and slope. It is well to use guides both as to height 
and slope. Letters should alro appear to be spaced uni. 
formly. The cunres of such letters as C, G, 0 and S should 
extend slightly above and below the horizontal guide lines. 
Adjacent straight-line letters such as N, I, U, M, ete., 
l!hould be spaced a little farther apart than eunred letters. 
Attention should be given to the manner of making the 
strokes as shown in the plate. 

' . 
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The student should consult a book on lettering such, for 
example, as that of Rdnhardt. A "lettering triangle," 
which can be obtained from dealers in drawing materials, 
iB also useful as a guide to slopes and spaces of letters. 

If the title is inset it should be carefully placed. In 
general the lower right-hand corner is the best place for it, 
but often its location is governed by available space. The 
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sizes of letters used should follow the important words. 
Each line should be centered. Write each line on a scrap 

· of paper: count the letters in it: find the middle letter: 
put that down first and then letter backwards &nd forwards. 
Capitals may be used for the principal lines of a title. In 
a general sort of way try to arrange the lines so that a line 
circumscribing the title will be approximately an ellipse. 

Label each scale, except that it is unnecessary to do so 
in the case of months and years. ro not use abbrevia.tjons. 
If there is more than one plotted line label each one. Be 
free in the use of explanatory notes. A diagram should 
tell its own story. In doing this use letters of readable size. 
It is a good rule never to make a let er or a figure less than 
t inch in height. 

Somewhere on the sheet, but outside of the diagram 
itself, should be placed the initials of the person who made 
the diagram and the date. This is valuable for identifics
tion, but it need not be published. 

Suggestions of committee on standards. The com
mittee on Standards for Graphic Representation referred 
to on page 59 has offered the following suggestions which in 
the main agree with what has just been said. 

1. The general arrangement of a diagram should pro
ceed from left to right, and from bottom to top. 

2. Where possible, quantities should be represented by 
linear magnitudes, rather than by areas or volumes 

3. Whenever practicable, the zero line of the vertical 
scale should appear on the diagram. 

4. If the zero line of the vertical sca.Ie does not normally 
appear, this should be indicated by an irregular 
horizontal break in the diagram. 

5. The zero lines of the scales should be sharply empha
sized from the other coordinate lines by making them 
heavier. 
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6. Where percentages are shown, both the zero line and 
the 100 per cent line should be emphasized. 

7. When' a scale refers to dates and the period repre
sented is not a complete unit, the first and last or
dinates should not be empha.sized, since they do not 
represent the beginning or the end of time. 

8. When logarithmic coordinates are used, the limiting 
lines-of the diagram should be at some power of ten. 

9. It is advisable not to show any more co6rdinate lines 
than necessary to guide the eye in reading the dia
gram. 

10. The plotted lines of a diagram should be sharply dis
tinguished from each other and from the ruling. 

11. If curves represent a series of observations, it is ad
visable, whenever possible, to indicate clearly on 
the diagram all the points which represent separate · 
observations. 

12. The figures for the scales should be placed at the left 
and at the bottom along the respective a.xes. 

13. It is often desirable to include in the diagram the 
numerical data or formulae repl'C$ented. 

14. If the numerical data are not included in the diagram, 
it is often desirable to give them in a table accompany
ing the diagram. 

15. Letters and figures should be placed so as to be read 
easily from the base or the right-hand edge as the 
bottom. 

16. The title should be as clear and complete as possible, 
sub-titles or descriptions being added if necessary to 
insure clearness. 

Wall charts.- Wall charts are much used nowadays in 
the display of vital statistics. It is not· difficult to pre
pare these, but cert.r ln general principles should he kept in 
mind. They shm i be simple 11nd clear, of ample size 
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I!Jld plainly lettered. If intended to be seen from a dis
ti!Jlce the letters should be large and the lines heavy. As 
lettering forms an important part of a wall diagram it is 
well to know that gummed letters of all sizes can be pur
chased. Examples of these letters are shown in Fig. 27. 

The use of color in diagrams. - Colored lines should be 
used sparingly if the diagrams are to be published. A 
sheet must go through the press once for each color and this 
adds to the cost. The most effective use of color is where 
a single colored line is made to stand out in contrast to 
other black lines, and for this purpose red is the best. Color 
.on plotted lines may be avoided by using black Jines made in 
different ways. The following are easily distinguishable: 

1. Heavy full line 
2. Light full line 
3. Heavy broken line -----------
4. Light broken line -----------
5. Dotted line ........................................... .. 

6. Dot-dash line -·-·-·-·-·-·-· -· 

! For wall eharte or posteni intended to be viewed from a 
.Aistance, colors are justifiable. 
,! The cross-section lines on the ruled paper ordinarily sold 

S colored green or brown or light red. Very bright colors 
d for this purpose are exceedingly trying on the eyes. 
is desirable however to have a color which can be pho

'tographed and also blue-printed. For blue-prints vermillion 
red is better than carmine. Green photographs more 
lightly than red. 

Component part diagrams. - In order to show the com
ponent parts of a total number we may subdivide a line or 
a long rectangle and label each part, or we may subdivide 
an ares, as a square or a circle, indicating dift'ereuces by 
colors, shades or patterns as. ill cartography, A. circle 
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properly subdivided is an nxceilent type of diagram to show 
percentages. Here the sectors plainly show the desired 

1234587890. 
c 

FIG. 27.-Examples of Gummed Letters, u..rut for Wall 
Diagrams. 

differences. This sort of a diagram is not to be confused 
with plotting by polar coordinates. (See Fig. 28.) 

Statistical maps. - The object of statistical maps is to 
display classes and groups of statistics for different areas. 
It will be remembered that statistical classes involve differ
ences which cannot be expressed in figures, but that statisti
ca1 groups contain facts similar in kind but which differ from 
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each other numerically. This difference should be kept i.u 
mind in preparing statistical maps. 

The statistical data are shown on maps by different 
colors, by different patterns of lines and dots or by sur• 

FIG. 28. - Proportion o! Deat!Ls from Each Specified Cause in 
the U.S. Registration Area: 1907. 

face shadings. In the display of data arranged in groups, 
that is, in accordance with magnitude, it is well to indicate 
the differences by variations in shade from light to dark. 
In the display of data arranged by classes it is well to use 
different patterlll! or colors. Different shades may be ob
tained by successive washes of color applied with a brush, 
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or by the use of cross-hatching in which the proportion of 
surface covered with ink regularly increases. The so-called 
" Ben Day " system of indicating shades by the use of 
special devices is well known to printers and engravers.\ 

Sometimes the figures themselves are placed on the maps. 
If this is done care should be taken to make sure that the 
boundaries of the areas to which the figures apply are prop
erly defined. 

Blue prints and other prints.- It is often desirable to 
obtain several copies of the diagrams made, and the quickest 
and cheapest method is that of making blue print.'l. The 
process is the same as that of making photographic prints 
from a negative. Blue-print paper can be purchased; in 
fact, it can be easily made. A large photographic printing 
frame is required. The diagram is placed in the fr!IIIle over 
the blue-print paper and exposed to the sunlight for a 
few minutes, after which the paper is washed in water and 
dried. It is necessary, of course, to have the paper on 
which the diagrnm is made fairly thin and transparent. 
Paper should be selected with blue-printing in mind. The 
transparency of paper can be greatly increased by oiling it 
on the bnck after the diagram is made. A liquid sold 
under the name of "transparantine" is satisfactory. The 
best blue print.'l of diagrams are obtained by the use of trac
ing cloth. This has many advantages. It is easy to ink 
on and erasures may be made. The lines are sharp and 
photograph well. The cloth does not tear. The cloth is 
oiled on one side. The drawing should be done on the other. 
A little powdered chalk should be dusted on and rubbed off 
before using ink. Pencil lines may be used as guide lines 
and erased before blue-printing. 

In the ordinary blue print the lines are white and the 
background blue. Additional white lines can be drawn on 

' See Brinton's Graphic Methoda. pp. 216, 233. 
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the blue by using a weak solution of caustic soda in a pen 
as ink. 

It is possible to obtain prints in which blue or brown 
lines appear on a white ground. This requires the making 
of a negative, from which subsequent prints are made. 

Reproduction of diagrams. - The common method of 
reproducing diagrams for publication is to photograph them 
and print from a zinc plate. This is the cheapest and most 
ava.ilable method. It is necessary that the original draw
ing be well made, with lines of the right weight and the 
letters of the right size. All imperfections are of course 
reproduced. Usually the drawing should be made at least 
fifty per cent larger than the published plate, that is, the 
size is reduced one-third. To have diagrams made by a 
draughtsman costs something, but, if the photographic 
proooss is to be used, it is worth while. The draughtsman 

. should know what the size of the published plate is to be. 
Those not skilled in making diagrams ought to know that 

there is another process of reproduction which does not 
require a carefully drawn original, namely, that of wax 
engraving. In this process the engraver does the work of 
the draughtsman. A copper plate is used. The lettering 
in this process can be put in with type. This results in per
fect legibility, which is often not the case with photographic 
work. Reproduction by the wax process costs almost 
twice that by the photographic process, but if to the latter 
is added the time and expense of preparing a perfect original 
the wax process costs no more. Most of the plates in this 
book were made by the wax process by the L. L. Poates 
Company of New York. Unfortunately there are not many 
wax engravers in this country. 

Equation of a curve.- Having plotted certain data on 
rectangular ooilrdinate paper, that is, using a horizontal 
and a vertical scale, and finding that the points fall on a 
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straight line or on a regular curve, it is sometimes desirable 
to find the equation of the straight line or ~urve. This is 
not difficult, but it requires the use of mathematical prin
ciples not considered in this book. The reader is referred 
to such books as Saxelby's " A course in Practical Mathe
matics "' or Peddles' " Construction of Graphical Charts. "2 

EXERCISES AND QUESTIONS 

1. Describe Ripley•s method of preparing statistical maps with 
different shadings. (Pub. Am. Sta. Mso., Sept. 1899, pp. 319-322.! 

ll. Colllltruct .. graph of the birth-rates and death-rates of Sweden 
from 1749 to 1900. (Seep. 259.) 

8. Colllltruct a graph of the n .. trnal rate of increase of the population 
of Sweden from 1749 to 1900. 

4. Show by suitable diagrams the data in Tables 109, 115 and 120. 

G. Fi.nd diagrams in this book which do not conform to the principles 
described in Chapter III. 

6. Construct a. 11 devil's ohecker-boardt as follows: 
a. Take a piece of cardboard or heavy drawing paper and rule in 

black ink a reeta.ngle 8!" wide and 11" high. Rule s.lBo a horizontal 
line 1" below the top, and a vertical line 1" from left-hand edge1 in order 
to leave suitable margins at top and left. 

b. Subdivide the 7!" on the ho:nirontalline into 15 half-inch spaces 
and rule vertical lines. Subdivide the 10" on the vertical Iitle into 40 
quarter·ineh spaces and rule horizontal lines. 

c. Draw in red inclined lines .eloping downward to the left, being ;~~ 
apart in a horizontal line and ll" apart in a vertical direction. 

H the work is done accurately certain of these diagon.a.l.s will intersect 
comers of the small recte.nglesj if the work is not accurate the name of 
the problem is justified. These guide lines will be found convenient in 
the construction of tables. The sloping lines will aerve as guides for 
sloping letters. 

'f, Constr.tct a colored wall chart showing the death-rates from 
several disea.sas for some city 1 using the one-scale type of diagram. 
Assume the chart i."i to be read from a distance of twenty feet. 

t Pub. by Longrnans, Green & Co., 1808. 
' Pub. by McGraw-Hill Book Co., 1910. 
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s. Describe the method of conotruction and the varied uses of ratio 
............,t;on paper. (Quar. Pub • .Am. Sta.. Aaso. JlllU!, 1917, p. 577.) 

9. Plot the population of some city (assigned by the instructor) using 
ordinary cross-section paper and ratio paper. 

10. Construct a colored oomponent,.part diagram (ouhdividod circle), 
showing the composition of the population of some city or state (data 
IIIOigued by the inetructor). 
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ENUMERATION AND REGISTRATION 

All civilized nations at regular periods enumerate their 
populations,· that is, take a census. There are various 
governmental rt'ASOn:s for doing this, two important ones 
being the adjustment of representation in legislative bodies 
and .the levying of taxes. There are also business, social 
and sanitary uses to which the figures arc put. In consid
ering a census several questions immediately arise;' when 
was it made, what area was included, how were the data 
obtained, what were the results and where may they be 
found? 

The United States census. - The first general census of 
the United States was made in 1790, the first year divisible 
by ten after the founding of the new republic, and a census 
has been taken every ten years since that date, the census 
of 1910 being the thirteenth. 

The first twelve censuses were made by special commis· 
sions created for the purpose and which went out of exist· 
ence as soon as the task had been accomplished. A per
J:l).anent Bureau of the Census was created in 1902. At 
first it was under the Department of the Interior, but in 
1903 was transferred to the Department of Commerce and 
Labor. It is now in the Department of Commerce.' Its 
head is known as the Director of the Bureau of the Census. 
Besides taking the general census of the country every 
ten years this bureau is charged with the collection of sta-

Cell$Uil Act of March 3, 1919. 
102 
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· tistica of many kinds relating to the people, vital statistics, 
financial statistics, municipal statistics, statistics of agri· 
culture, fishing, manufacture, transportation, mining, and 
othem. 

The census data prior to 1910 were published as a series 
of special volumes by the commission having the work in 
charge. Many of the older volumes are out of. print, but 
may be found in large libraries. In 1900 there were three 
volumes on population and two volumes on vital statistica 
obtainable by purchase from the U. S. Publication Office at 
Washington. Bulletins of the census may be obtained 
from the "Director of the Census, Washington, t>. C." 
Lists of available reports and bulletins may be obtained 
without charge by writing to the director. 
· In 1910 the report of population comprised four large 

volumes. The first contained tho general data for the coun
try, classified and grouped in many ways; the second and 
third gave the population subdivided by civil divisions; 
the fourth, occupations. For some time it has been ens· 
tomary to include in each census report the populations for 
the two censuses preceding. This is for comparison and to 
enable estimates of population to be made. 'Thus, in the 
thirteenth census will be found the populations for 1910, 
1900 and 1890. 

A table often consulted was that on page 430 of Vol. I, · 
Pa.rt I, of the U. S. CensUB of 1900, which gave the popula· 

· tions of all cities which were larger than 25,000 in 1900, fo~ 
every census since 1790. In the 1910 census theee figures are 

· given in the second and third volumes mentioned under the 
head of each state. See also pages 80-97 of the first volume. 

The results of the Fourteenth Census arc now being 
,published as a series of volumes. Vol. I gives the number 
. and distribution of the inhabitants for the years 1900, 1910 
i\'aud 1920. 
l"f, 
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These census reports should be in every public library, 
a.nd in the library of every city government, as they con
tain a vast amount of important information relative to 
the growth and condition of our country. Every student 
of demography should become thoroughly familiar with 
the U. S. Census reports. 

The ceDSus date. - For most purposes it is sufficiently 
accurate to say that the census was taken in a certain 
year, but for tho more exact computations a definite day 
must be named. The population of the country is con
stantly changing, even from hour to hour. If we wish to 
use the figure which best represents the population for 
any year we should naturally choose the population as it 
was at the middle of the year, namely July 1st. But it is 
not practicable to enumerate all of the people on a single 
day, and July 1st is not the best time to make the enumer
ation because being in the vacation season many people 
are likely to be away from home. For practical reasons 
another day is chosen as the official day for taking the 
census. 

In 1920 this day was Jan. 1. It took thirty days to 
make the enumeration, but the data were adjusted to this 
dsy so that the statistics are stated " as of Jan. 1st." But 
it should be noted that in 1900, in 1890, and back to 1830 
the official dste was June 1. In 1910 it was April 15th. 
Hence between the census of 1900 and 1910 the interval was 
not 10 years, but ten years less li months (April15 to June 
1) or It per cent less than ten years. Between 1910 and 
1920 the interval was ten years less 3! months (Jan. 1 to 
Apr. 15), or nearly 3 per cent less than ten years. In some 
computations this introduces an appreciable error and a 
correction must be made. From 1820 back to 1790 the 
day of the census was the first Monday in August. 

In Great Britain, including Canada and Australia, the 
national census is taken every ten years, but one year later 
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than in the United States, that is, in 1911 and 1.921. This 
has been so since 1801. The time of the ceusus is " at mid
night before the first Monday in April." 

It is quite possible to adjru;:t the population of the census 
year, so as to find what it was on July 1st of that year, 
and this has been done by the U. S. Ceusus Bureau and the 
figures used for the computation of mortality statistics for 
that year. The method used is described in the next chap
ter. 

Civil divisions.- The population of the United States is 
given in the census reports by minor civil divisions. The 
total population of the nation is subdivided into continen
tal and "outlying possessions," the latter including Alaska, 
.the Philippine Islands, the Hawaiian Islands, Porto Rico, 
and several smaller possessions as well as persons in naval 
and military service stationed abroad. The Fourteenth 
Census covered only the United States proper. The con
tinental population is subdivided into states; the states 
into counties; the counties into cities, boroughs or towns; 
the cities into wards; the boroughs and towns into villages 
and rural regious. These civil divisions differ somewhat in 
different parts of the country. 

In comparing the figures for different decades it must be 
remembered that the boundaries of the civil divisions are 
subject to change. State boundaries are quite pennanent, 
but cities frequently increase by annexation of suburbs, 
and ward lines change still more frequently according 
to political exigencies. In most eases changes of bound
aries are indicated in the census reports by explanatory 
notes. 
' In sending to the Director of the Census for reports of 
pOpulations by states or for the whole country, the request 
should be made for that report which gives the facts by 
" minor civil divisions." 
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The enumeration schedule of 1920. - In taking the 
census of 1920 the country was divided into numerous 
supervisor's districts each under the charge of a supervisor 
appointed hy the President. About 70,000 enumerators 
were selected by the supervisors, or one for about every 
1000 persons. The enumerators were required to visit each 
dwelling and collect the various statistics included in the 
schedule. 

The enumerators began their work throughout the coun· 
try on Jan. 2, 1920. The law provided that this should 
be completed within two weeks in cities of 2500 or more 
inhabitants, and within 30 days elsewhere. 

The schedule of facts to be collected was printed on large 
sheets of paper, on which were 50 horizontal lines, numbered 
from 1 to 50. The facts for each person occupied one line.' 

The schedule corresponded closely to those used in the 
censuses from 1850 to 1880 and 1910. The schedule used 
in 1890 was somewhat different, a separate schedule sheet 
being employed for each family.' 

For purposes of compilation the facts for each person 
were transferred to a separate punched card. These cards 
were then sorted by machine. 

The data collected by the enumerators for each person 
were as follows: 

At the top of each sheet were given the state, county, · 
township or other division of county, name of incorporated 
place, name of institution (if any), ward of city, number of 
supervisor's district, number of enumerator's district, name 
of enumerator and date of enumeration. 

• U. S. Census, 1920, Vol. I, p. 694. 
2 U.S. Census, 1890, Population, Part I, CCIV. 
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P!a<:e of Abode. 
1. Stroot, Avenue, Road, etc. 
2. House number or farm, etc. (See instructions.) 
3. Number of dwelling house in order ol visitation. 
4. Number of family in order of vjsitation. 
5. Natn6 of eooh person whose place qf abodo on January 1, 1920, 

was in this family. (Enter surname first, then the given name and 
middle initial, if any. Include every pcrSOllliving on January 11 1920. 
Omit children horn since January 1, 1920.) 

6. Rtlation. Relationship of this person to the hasd of the family. 

Tenure. 
7. Home owtU!d or rentod. 
8. If owned, free or mortgaged. 

p""""""' Descriplion. 
9. Sex. 

10. Color or race. 
11. Age at last birthday. 
12. Single, married, widowed, or divorced. 

aiti .. nship. 
13. Year ol immigration to the Unitod Statea. 
14. Naturalized or alien. 
15. 1I naturalized, year of naturoU.ation. 

Edurotion. 
16. Attended school any time siace Sept. l, 1919. 
17. Whether able to read. 
18. Whet.her able to write. 

Natiuity and Mother Tonque. 
Place of birth of each person and parents of each person enumerated. 

If hom ia the Unitod States, give the stata or territory. If of foreign 
birth1 giY'e the place of birth l:illd, in addition, the mother tongue• 
(See instructions.) 

Person. 
19. Place ol birth 
20. Mother tongue. 

F.O.... 
21. Pl•oe of birth 
22. Mother tongUe. 
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Motlutr. 
23. Place of birth. 
24. Mother tongue, 
25. Whejher Able w Speak Engli•h. 

O<cupati<m. 
26. Trade, profession, or particular kind of work done, as spinner, 

.aalts:man1 laborer, &c. 
27. Industry, business, or el!tabliehment in which at work, as oo,._ 

ton mill, dry gtKJtk .store, farm, cfc. 
28. Employer, salary of wage-worker, or working on own aooount· 
29. Nv.mh<r of Farm Sclwd..U.. 

One has only to read over this list to see the importance 
of statistical definitions. What, for exatnple, is meant by 
the " usual place of abode "? This is the place where he 
" lives " or " belongs " or " the place which is his home." 
As a rule it is where he regularly 8lwp8. And then what 
about those persons who have no place of abode, lodgers 
in one-night lodging houses, tramps, laborers in construction 
camps, etc.? Such persons have to be enumerated where 
found. It reqnired a formidable book of instructions to 
make all these things plain to the enumerators. 

Bowley's rules for enumeration.- The English statis
tician, Bowley, has laid down the following rules in regard 
to the collection of statistical data by the method of enu
meration. 

" In practice the enumerator is usually furnished with 
blanks to be filled out and with questions to be answered. 
These questions should be: 

1. Comparatively lew in number. 
2. Reql¥re an answer of a number or of a u yes" or 1

' no." 
3. Simple enough to be readily understood. 
4. Such "' will be answered without bi.,., 
5. Not unn(>.cessarily inquisitorial. 
6. As far na possible corroboratory. 
7. Such as directly and Ulllllista.kJI.biy eovor the point of. information 

desired. 
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These rules apply equally well to the collection of da.ta. 
by registmtion." 

Credibility of census returns. - It is not to be expected 
tba.t the census figures are strictly accumte. Errors are 
bound to be made by the enumerators; some persons a.re 
sure tO be omitted from the count, especia,Jly those travel
ing; some may be counted twice; and in rare instances the 
lists have been thought to be padded. Taken as a whole, 
however, the results may be considered as relillble, a.nd it 
should be noted that the published data of the U. S. Census 
are accepted a.s evidence which may be introduced without 
preof in courts of record. Unless there is good reason for 
doing otherwise they should be used instead of local esti
mates a.s the ba.sis of computing vital rates. As a rule 
also they should be used in place of state censuses, but 
there a.re some exceptions to this. 

Collection of facts by registration and notification. -
If it is difficult to secure accurate statistics of population 
obta.ined by enumerators hired for the purpose 8Jld properly 
instructed, how much greater the difficulty to obtain com
plete a.nd a.ccurate statistics by the method of registration, 
when the returns are made by large numbers of phY!licians, 
undertakers, clergymen, nurses and laymen not properly 
instructed, not interested in the proceedings and not alwaY!! 
understanding the law, with inadequate laws, and with 
governments too easy-going to insist on the enforcement of 
such lam as exist! And yet most of the vital statistics of 
'the country are collected in this way. Worst of all, the 
people a.t large do not appreciate the personal importance 
of having the most important events in their lives,- birth, 
marriage and death, - made matters of public record. 

By registration is meant the reporting of certain events 
and associated facts to a governmental authority and the 
official. filing or recording of such foots. The reports are 
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made in &ccordance with prescribed rules and usually on 
a blank designed for the purposes. 

Most nations in one way or another have endeavored to 
preserve their history by keeping these personal records. 
In England the registration of baptisms, marriages and 
deit.ths dates back to 1538 when ThomQS Cromwell, Vicar 

. General under Henry VIII, issued injunctions to all parishes 
in England and Wales requiring the clergy to enter every 
Sunday, in a book kept for the purpose, a record of all 
baptisms, marriages and burials of the preceding week. 
In 1653 this work was assigned to " parish registers.'' 
It WIIS not until 1837 that registration of births, marriages 
and deaths became a civil function. In 1870 it was made 
compulsory. In parts of Canada the registration of births 
and deaths is still on a parish instead of a civil basis. 

In the early American colonies the practice of recording 
births, marriages and deaths was instituted. In New 
England the town clerk figured largely. In Massachusetts 
a fairly definite law was passed in 1692, according to which 
the town clerk was required to keep such records, and there 
were fees to be paid him for so doing, and penalties for 
those persons who withheld the desired information. This 
act WIIS altered in 1795. In 1842 a registration act was 
passed in Massachusetts which made the Secretary of the 
Commonwealth the custodian of these records. This act, 
together with an amplifying act in 1844, forms the basis of 
registration in MMSachu.setts to this day. It was brought 
about largely through the activities of Lemuel Shattuck.' 

The story of the registration of vital statistics is too long 
to be told here. Many physicians, like Dr. Edward Jarvis, 
of Boston, and inany committees of such organizations as 
the American Medical Association and the American Public 
Health Associations have played prominent parts in the 

' State Sanitation, by George C. Whipple, Vol. I, p. 56. 
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movement. At the present time the United States Bureau 
. of the C'..elll!US is taking the lead in urging necessary reforms 
in the registration of vital statistics. 

The laws relating to the registration of vital statistics are 
_110t the same in all states. In Massachusetts a State Reg
istrar in the office of the Secretary of the Commonwealth 
has charge of the mt~tter, but in many states the State 
Board (or Department) of Health has charge. In order to 
bring about uniformity a model law was. drafted and en
dorsed by a number of national organizations and this has 

· been adopted by a number of states. Some of the older 
sta s, however, still maintain their old arrangement. This 
Ill ael law should be carefully studied. It may be found 

the Appendix. 
egistration of births.- It is important that the birth 

each and every child horn be duly registered. 
The iufor,mation desired for the legal, social and sanitary 

urposes, according to the United States standard certifi
te approved by the Bureau of the Census, and in use since 

906, is as follows: 

' 1. Place of birth1 including State, county, township or town, village, 
or city. If in a city, the ward, street and house numberj if in a hospital 
or other institution, the name of the same to be given, instead of the 
street and house number. 

2. Full name of child. If the child dies without a name, before the 
certificate is filed, enter the words u Died unnamed." If the living 
obild h¥ not yet been named at the date of tiling certificate of birth, 
the space for " ~'ull name of child " is te be left blank, to be filled out 
subsequently by a supplemental report, as hereinafter provided. 

3. Sex of child. 
4. Whether a twin, triplet, or other plural birth. A septU"ate cer-

tificate shall be required for each child in case of plural births. 
o. For plural births, number of each child in order of birth. 
6. Whether legitimate or illegitimate. (This question may be omit

ted if desired, or provision may be made so that the identity of parents 
will not be disclosed.) 
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7. Date of birth, including the year, month and day. 
8. Full name of father. 
9. Residence of father. 

10. Color or race of father. 
11. Age of father at last birthday, in years. 
12. Birthplace of father; at least State or foreign country, if known. 
13. Occupation of father. The occupation to be reported if engaged 

in any remunerative employmentJ with th~ statement of (a.) t.ra.de, 
profession, or particular kind of work; (b) general nature of indWitry, 
busin..,., or establishment in which employed (or employer). 

14. Maiden name of mother. 
15. Residence of mother. 
16. Color or race of mother. 
17. Age of nwther at last birthday, in yesrs. 
18. Birthplace of mother; at least State or foreign country, if kn<>wn. 
19. Occupation of mother. The occupation to be reported if en

gaged in any remunerative employment, with the statement of (a) 
trade; profession, or particular kind of work; (b) general nature of 
industry, business, or establishment in which employed (or employex). 

20. Number of children born to this mother, including pl'E'.sent bir.th 
subdivided as follows: (a) born alive and now living. (b) bor:n 
alive and now dead. (c) still-born. 

21. Number of ohUdnm of this mother living. 
' 

The duty of making out this certificate rests upon the 
attending physician, mid-wife or person acting as such, 
or in their absence upon the father or mother of the child, 
the householder or owner of the premises where the birth 
occurred or the manager or superintendent of the institu
tion, public or private, where the birth occurred, each in the 
order named. This certificate must be filed with the local 
registrar within ten days after the date of the birth. A 
supplemental blank is provided in case the child has not 
been named when the first report is submitted. The local 
registrar, or a sub-registrar, must examine this certificate 
aa to completeness and probable accuracy, secure correc
tions if necessary, keep a record of the birth certificates 
received, numbered serially as received, and once a month 



\ 

INCOMPLETE BIRTH l:tEGISTRATION 113 

transmit the origiual certificates to the State Registrar., for 
·Permanent preservation. SDUI.ll fees to local registrars for 
the l'i)cording of births are provided and likewise penalties 
for failure. Provision is made for giving certified c.opies of 
the birth reeords to persons entitled to receive them. 

The period of time within which a birth must be recorded 
may with advantage be less than the ten days above men
tioned, especially in cities; in fact it is best that the birth 
be reported within twenty-four hours. If, as should be 
the case, the local registrar is connected or closely associ
ated with the local board of health, the prompt information 
that a birth has occurred enables the health officer to send 
a visiting nurse to offer advice and assista.nce in caring for 
the child. Infant mortality cannot be gr~11tly reduced in 
cities unless this prompt report is made. 

Advantages to individuals of having births publicly 
~ded. Legal evidence is thus made available as to: 

Place of Birth, useful to prove citizenship (necessary for 
pase-ports), to prove residence, to acquire a legal "settle
·ment." 

Time of Birth, useful to prove age, to obtain admission 
to school, to establish right to go to seek employment 
"\lllder the child labor law, to prove liability for military 
llel"Vice, to prove the age at which the marriage contract 
may be entered into, to establish right to vote, or hold pub
'lic office, to establish the right to hold, buy or sell real estate, 
,~ obtain pensions. 

ParentG{fe, to establish identity, to prove nationality, to· 
prove legitimacy, to inherit property, to obtain settlement 

;of insurance, to establish citizenship. 
What are some of the evidences of incomplete birth 

registration?- Dr. Louis I. Dublin bas suggested three 
llimple tests. First. The number of births registered in a 
,"!''endar year should be greater than the number of living 
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children under one year of age. SeiXJ'IUl. · The birth"rate 
does not usually vary greatly from year to year. Wide 
and erratic variations indicate probable deficiencies in 
4'1lporting. Third. Birth-rates less than 20 per thousand 
(or less than 25 per thousand in cities which have large 
foreign populations) are uncommon where registration is 
complete. 

Enforcement of the registration law. - The persons most 
concerned in the enforcement of the birth registration law 
are (1) the state registrar, who should preferably be asso
ciated with the state department of health; (2) the local 
registrar, who should preferably be associated with the 
local board of health; (3) the physician, whose duty it is 
to make the report; and (4) the parents of the child and 
the child himself or herself. 

In order that better registration be obtained parents and 
physicians should be made to understand the benefits 
which result to individuals and to the community. Facili
ties in the form of suitable blanks, etc., should be provided, 
so as not to make the matter of reporting a burden to busy 
physicians. It might well be that a simple post-card 
notification, stating that a birth occurred at such and such 
a place, sent on the day of birth, with a complete certificate 
filed at 11 later date would help to solve the problem. No 
fee should be given to a physician who docs not report 
within the statutory time limit. What iR most needed 
however is a rigid enforcement of the penalty clause. A 
local registrar once gave the author as the reason for not 
imposing fines on physicians for failure to report, - " I 
am too good natured." This spirit is fatal to good govern
ment. 

Registrars are not without opportunity to obtain evidence 
of neglect. In the ease of reported infant deaths the local 
registrar should ascertain if the child's birth had been 
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recorded. Church records of baptisms may be compared 
with birth returns. The checks are not as complet.e as in 
the ease of death returns, but an ingenious local registrar 
will have little difficulty in getting good returns if he takes 
his task seriously. 

In Cambridge, M=., the birth records were at one time 
110 incomplete that annually a holl!le to holl!le canvass had 
to be made to ascertain the births for the year. This was a 
disgraceful admission of incompetence on the part of the 
local registrar and of the negligence of all concerned. No 
fines were imposed and some of the payments of fees were, 
with a proper interpretation of the law, of questionable 
legality. Unfortunately Cambridge has not been alone 
in this, but is typical of hundreds of other cities. 

Registration of deaths. - The facts desired in connection 
with deaths are as follows, according to the United States 
Standard Certificate. 

1. Place of death, including State, county, township, village, or city. 
U in a city1 the ward1 street, and house numberi if in a hospital or other 
illst.itution, the name ol the same to be given instead ol the street and 
house number. If in an industrial camp, the name of the camp to be 
&iven. 

~. FuU name of decedent. If an unnamed child, the surname pre-
ceded by u Unnamed." . 

2a. RR•idence at usual place of abode (ward, street and number), and 
length of residence in city or town where death occurmd in years and 
months. AI&> how long in United States if of foreign birth. 

3. Sex.· 
f,. Color or race, 118 white, b!Mk, mulatto (or other negro de.ooent), 

Indian, Chinese, Japanese, or other. 
0. Conjugal condition, ns single, married, widowed, or divorced. 
lla. If married, widowed, or divorced. Name of husband or Wife. 
6. Date of birth, including the year, month, and day. 
7. Age, in y.,.,.., mouths, and days. H less than one day, the holl1'S 

or minutes. 
8. 0ocull<'tion. The occupation to be reported of IWY person, umle 

or female, who had any remuuerative employment, with the statement 
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of (a) tmde, profession or particular kind of work; (b) general nature of 
industry, busine,., or establishment in which employed (or employe<); 
(c) name o:£ employer. 

9. Birthplace; at least State or foreign country, if known. 
10. Name of father. 
11. Birthplace of father; at l.,..t State or foreign oountry, if known. 

· 12. Maiden name of mother. 
13. Bitthpln.cc of mother; at least State or foreign country, if known. 
14. Signature and addre.. of infonnant. 
15. Offieial signature of registrar, with the date when certifica.te was 

tiled, and registered number. 
16. Date of death, year, month, and day. 
17. Certification as to medical attendance on decedent, fact and time 

of death, time last seen alive, and the cause of death, with contribu
tory (secondary) cause of complit'ation, if any, and duration of eaeh, 
and· whether attributed to da.ngeroll$ or insanitary conditions of em .. 
ployment; aignatu"' and addre.. of physician or official making the 
medical certificate: 

18. Where was the di"""'" contracted if not at place of birth? Did 
an nperetion precede death? If so give date. Was there an autopsy? 
What test confirmed diagnosis? 

19. Place of burial or removal; da.te of bmial. 
20. Signature and address of undertaker or peroon acting as such. 

The first thirteen items are chiefly personal and these 
facts may be signed by any competent person acquainted 
with the facts. Items 16 and 17 comprise the medical 
certificate, which must be made out by the physician, 
if any, last in attendance. In the absence of medical 
t>ttendan<le the undertaker must notify the local registrar 
who may not issue a burial permit until the case is referred 
to the local health officer for investigation and certifi
cation. In ~,ase there is suspicion of neglect or unlawful 
act the coroner, medical examiner, or other proper officer 
must conduct an investigation. There are various provisos, 
differing in different states, which should be known by 
every physician and nurse and, of course, by every health 
officer. F'inally items 19 and 20 mUBt be signed by the 
undertaker. 
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!riifile certificate of death thus made out and duly signed 
liaust be filed by the undertaker with the local registrar (in 
lome states the local board of health), and a burial permit 
·or removal permit obtained prior to the disposition of the 
. body. This pennit must be delivered before burial to the 
'person in charge of the place of burial. If the body is 
transported the undertaker must attach a removal permit 
to the box containing the corpse in order that it may reach 
the person in charge of the place of burial. 

Thus the undertaker is primarily responsible for filing 
the certificate with the local registrar (or loc11l board of 

. health), but the physician is responsible for making out 
· certain very essential parts of the certificate. 

Records of death certificates and burial permits are of 
'course kept by the local registrar (or local board of health). 
, Thus there is a check on the death certificate, and partly 
for this reason the ·registration of deaths is more complete 
. than the registration of births. It is easier to come into the 

·.world without public notice than it is to leave it, 
The data regarding the deaths are transmitted by the 

local registrar to the state registrar. 
Uses of death registration. - The uses of death regis

tration are legal, economic, and social. It assists in the 
prevention and detection of erime. It is invaluable in the 
settlement of life insurance and property inheritance eases. 
It furnishes the basis of genealogical studies. The sta
tistics based upon these records have been a powerful 
weapon in studying disease, and therefore in improving 
the health of the race and lengthening human life. The 
records may be of great local value in the study and sup
pression of epidemics and outbreaks of communicable dis
eases. 

Maniage registration. - There is no uniform or " model " 
.lllarri!;ge law in the United States; state laws differ from each 
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other. The eustom is that persons desiring to marry must 
first obtain a civil lioonse from a designated local official 
and present it to the authorized person who performs the 
oereinony. The person officiating is required to register 
the marriage. The persons responsible for marriage regis
tration are therefore the clergymen and the justices of the 
peace. 

The facts required in the registration of marriages are 
commonly as follows: 

l, Date of tho marriage. 
2. Place of the marriage. 

a. Names of the """"'"" married. 
4. Their plAces of birth. 
5. Their residences. 
6. Their ages. 
7. Their color. 
8. The number of the rnn.l't~e (as the first or eeeond). 
9. If previously married, whether widowed or divorced. 

10. Their occupations. 
11. The nan"" of their parents. 
12. The maiden names of their mothers. 
13. The date of the record. 
14. The signature of the officiating pet>l<ln. 
15. HiiJ residence and official station. 

Unfortunately the r~gistration of marriages suffers from 
neglect of the persons officiating. It is difficult also to 
avoid duplication. Bride and groom living in different 
towns require each a license. Statistically there is danger 
that the marriage may be counted twice. 

Morbidity registration. The compulsory registration 
of cases of disease dangerous to the public health is com· 
paratively modern. It is true that many years ago such 
dreaded diseases as small pox had to be reported, but it is 
since the organization of modern health departments and 
the general understanding of the manner in which com· 
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municable diseases are spread that compulsory notification 
, bas become widespread; In 1874 the State Board of Health 
of Massachusetts took the lead by arranging a plan for the 
weekly voluntary notification of prevalent diseases. Over 
a hundred physicians agreed to make this report. - Ten 
years Ja.ter, in 1884, the state passed a law requiring house
holders and physicians to report immediately to the selec-t
men or board of health of the town all cases of smallpox, 
diphtheria, scarlet fever, or any other disease dangerous 
to the public health. Other states followed suit. 

The t:equirement of notification of diseases is an act of 
pollee power and authority for it resides in the state gov· 
ernments. In Massachusetts legislative authority has been 
delegated to the State Board of Health (now the State 
Department of Public Health) to determine what diseases 
a;re dangerous to the public health, and such diseases must 
be reported according to prescribed rules. Power is oftened 
delegated to local communities to supplement the state 
requirements for local reports. At the present time the 
regula.tions in the several states differ greatly from each 
other. 

In 1913 a model law for morbidity reports was adopted 
by a conference of state and territorial health authorities 
and the U. S. Public Health servi.ce. According to this 
Jaw the state boards (or departments) of health are re· 
quired to provide machinery for keeping informed as to 
current diseases dangerous to the public health; physi· 
clans are required to report cases of such diseases imme· 
diately to the local health authorities having jurisdiction; 
teachers in schools rnust do the same; these records mUJlt 
be promptly sent to the state authorities. There are va;ri
ous provisos and provisions for keeping records, and for 
penalties. The data required are the following: 
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1. The date when the report is made. 
2. The name of the disease or suspected disease. 
3. Patient's name, age, sex, color, and addr.ss. (This is largely for 

purpo.ses of identification and loc:ation.) 
4. Patient's oocupa.tion. (This serves to show both the possible 

origin of the disease and the probability thot others have bren or may 
be exposed.) 

5. Sehool attended by or placo of employment of patient. (Serveo 
same purpoae as the preeeding.') 

6. Number of persons in the household1 number of adults and num .. 
ber of ohildren. (To indicate the nature of the household and the prob
able danger of the spread of the disease.) 

7. The physician's opinion of the probable source of infection or 
origin of . the diJo!asc. (This gives important information and fre
quently :reveals unreported cases. lL is of particular -value in occU• 
pe.tional diseases.) 

8. If the disease is ama.llpox, the type (whether the mild or virulent 
strain) and the number of times the patient has been successfully vac
cinated, and the approximate dates. (Thif.l gives the vaccination statue 
and history.) 

9. If the disease is typhoid rever, scarlet fever, diphtheria, or septic 
sore throat, whether the patient had been or whether any member of 
the household is engaged in the production or handling of milk. (Tiwse 
d.iaeases being frequently spread through milk, this information is 
important to indicate meaaures to prevtlnt further opresd.) 

10. Address and signature oi the physician making the report. 

Notifiable diseases. - A list of notifiable diseases was 
included in the model law of 1913. Obviously this cannot 
be It permnnent one. It is being continually revised chiefly 
by addition. In many states influenza was ndded to the 
list during the epidemic of 1918. Under present conditions 
the lists vary in different states but the following diseases 
are oommonly induded. 

GROUP L- INJI'ECTlOUS DISEASES· 

Actinomycosis. 
Aoterior poliomyelitis. 
Anthrax. 
Chicken-pox. 

Cholera. Asiatic (also cholera 
nostras when Asiatic cholera 
is present or its importation 
threatened). 
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Continued fever lasting seven 
days. 

Dengue. 
Diphtheria. 
Dog-bite {requiring anti-rabic 

treatment). 
"Dysentery: 

(a) Amebic. 
{b) Bacillary. 

Encephalitis lethargic&. 
Favus. 
German Dleasles. 
Glanders. 
Hookworm disease. 
Iollucnza. 
Leprosy. 
MalariA. 
Mee.eles. 
Menin "tis: (af Epidemic oerobrospina.l. 

(b) TUberculous. 
MumPO. 
Ophthalmia neonatorum (con

Junctivitis of new-born infants), 

Paratyphoid fevm'. 
Pellagra. 
Plague. 
Pneumonia (lobar). 
Poliomyelitis (acute infectious). 
Rabies. 
Rocky Mountain spotted, or 

tick, fever. 
Scarlet fever. 
Septic sore throat. 
Smallpox. 
Suppurative conjunctivitis. 
Tetanus. 
Trachoma. 
rllichinosis. 
Tuberculoffis (all fl>rms, the or

gan or part affected in each 
case to be specified). 

Typhoid fever. 
Typhus fever. 
Whooping oough. 
Yellow fever. 

GaouP II.- OccuPATIONAL Drs::mA.SES AND INJUlUm 

Arsenic poisoning. 
Brase poisoning. 
Ca.rbon monoxide poisoning. 
Lead poisoning. 
Mercury poisoning. 
Natural gas poiooning. 
Phosphorus pniscnin~. 
Wood alcohol poisonmg. 
Naphtha poisoning. 

Bisulphide of carbon poisoning. 
Dinitrobenzine poisoning. 
Caisson disease ( comp......-d-alr 

illneBs). 
Any other disease or disability 

oontracted as a result of the 
nature of the peroon1s employ.. 
ment, 

GROUP III.- VENEREAL DISEASES. 

Gonococcus infection. Syphilis. 

GrumP IV.- DISEASEs OF UNKNOWN OatmN. 
Cancer. 

Incompleteness of morbidity statistics. ~ Complete ac
curacy in securing records of morbidity under any law is 
impossible. All of the cases existing arc not seen by physi
cians, of the CB.'ICS seen not all are recognized or correctly 
diagnosed, of those recognized not all are reported within 



122 ENUMERATION AND REGISTRATION 

the required time and some not at all. The chief error is 
that of incompleteness. Conservative physicians wait until 
sure of their diagnosis before reporting. A vast number 
of physicians are careless; a few deliberatilly shield their 
patients from possible inconvenience by withholding re
ports. More and more, however, physicians are coming 
to realize that in dealing with communicable diseases they 
have a public as well as a private duty. Death certificates 
give a partial check on morbidity reports. The ratios be· 
tween statistics of sickness and death from reportable dis
eases furnishes a measure of the incompleteness of the re
ports. Trask has noted this difference between morbidity 
and mortality returns; death records are usually com· 
plete but the cause of death often incorrectly diagnosed, 
morbidity records are incomplete, but the diagnosis usu
ally correct. This must be kept in mind in dealing with 
fatality ratios. 

One of the hopeful signs looking towards a better .regis· 
tration is the action taken by the American Medical Asso
ciation in June, 1919. The Section on Preventive Med
icine and Public Health voted to recommend to the House 
of Delegates that it ask the constituent associations to con· 
sider the advisability of such amendments to their by-laws 
and to those of the A. M. A. as will eliminate from member
ship any physician who wilfully fails or refuses to comply 
with local or State laws for the prevention of disease, in
cluding especially the provisions in such laws requiring 
the reporting Of cases of communicable diseases. (See P. H. 
Reports, June 27, 1919.) 

Morbidity from non-teportable diseases. - It is much to 
be regretted that at the present time there is no adequate 
way of getting the facts in re.gard to sickness in the com
munity due to diseases whioo are non-reportable. Sick
ness . surveys are sometimes made, but they give only the 
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foots at a given date, and are, moreover, very expensive to 
make. Hospital records help a little, the e=inations 
made by the life insurance companies help a little, the re
cent examinations of men for the al'!Ily have helped a good 
deal, but some day a more universal method mU!lt be d&
vised. 

Reporting veneteal diseases. - :I'' or a num her of years 
the matter of requiring physicians to report cases o.f ven&-

. real diseases as diseases dangerous to the public heo.lth 
b!ill been under consideration by public health officials; 
in a few places it has been attempted. The present war 
has emphasized the need of such reports and these are 

· now required in many states. For social reasons it is un
desirable to have the names of the victims reported, yet 
under some conditions it is desirable and necessa.cy in the 
control of disease. The following system was adopted by 
the Massachusetts State Department of Health in 1918 as a. 
war measure. 

1. Gonorrhrea and syphilis are declared diseases dan
geniUs to the public health and shall be reported in the 
manner provided by these regolations promulgated under 
·the a.uthority of chapter 670, Acts of 1913. 

2. Gonorrh<lla. a.nd syphilis are to be reported (in the 
manner provided by these regulations) on and after l<'eb. 1, 
1918. 
· 3. ·At the time of the first visit or consultation the physi

cian shall furnish to each person examined or treated by 
him a. numbered circular of information and advice con
cerning the disease in question, furnished by the State 
Department of Health for that purpose . 
. 4. The physician shall at the same time fill out the num

bered report blank attached to the circular of advice, and 
forthwith mail the same to the State Department of Health. 
On this blank he shall report the following facts: 
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Name of the disease. 
Age. 
Sex. 
Color. 
Marital condition and ocoupation o£ the pationt. 
Previous duration of disease and degree of infectiousness. 
Tiw report •hall not cont<rin nam<! fYr address of pati4nt. 

5. Whenever a person suffering from gonorrhcea or 
syphililj, in an infective stage applies to a physician for ad
vice or treatment, the physician shall ascertain from the 
person in question whether or not such person has pre
viously consulted with or been treated by any other physi
cian within the Commonwea.lth. If not, the physicia;n 
shall give and explain to the patient the numbered circular 
of advice, as provided in the previous regulation. 

If the patient has consulted with or been treated by 
another physician within the Commonwealth and has re
ceived the numbered circular of advice, the physician last 
consulted shall not report the case to the State Department 
of Health, but sha.ll ask the patient to give him the name 
and address of the physician last previously treating said 
patient. 

6. In case the person seeklng ·treatment for gonorrhcea 
or syphilis gives the name and address of the physicia;n lost 
previously consulted, the ·physicia.n then being consulted 
i!hall notify immediately by mail the phyRician lost pre
viously consulted of the patient's change of medical adviser. 

7. Whenever any person suffering from gonorrhcea or 
syphilis in an infective stage shall fail to return to the 
physician treating such person for a period of six weeks 
later than the time last appointed by the physician for such 
consultation or treatment, and the physician also fails to 
receive a notification of change of medical advisers as pro
vided in the previous seetion, the physician shall then no
tify the State Department of Health, giving name, ad-
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, dress of patient, name of the disease and serial number, 
date of report and name of physician originally reportiog 
the case by said serial number, if known. 

s. Upon receipt of a report giving name and address of a 
person su:fferiog from gonorrhrea or syphilis in an iofective 
stage, as provided io the previous seetion, the State Depart.. 
ment of Health will report name and address of the person 
as a person suffering from a disease dangerous tO the public 
health, and presumably not under proper medical advice 
and care sufficient to protect others from infection, to the 
board of health of the city or town of patient's residence or 
last known address. The State Department of Health 
shall not divulge the name of the physician makiog said 
report. 

Sickness surveys. - A new method of securing data io 
regard to disease has been recently applied io an experi
mental way in a number of cities, namely that of making a 
house to house canvas to determioe the number of persons 
ill at the time. The Metropolitan Life Insurance Com
pany has been foremost in this undertaking under the 
direction of Dr. Lee K. Frankel and Dr. Louis I. Dublin. 
Spring and fall surveys have been made in several cities, 
the enumerator for the most part being the collecting agents 
of the insurance company. 

The data sheet used iocluded the age, sex, and occupa
tion of eacb member of the family; and if sick the disease 
or cause of disability, its duration and extent, i.e., whether 
confined to bed, and the kind of treatment, i.e., by physi
cian at home, hospital, or dispensary. 

Surveys have been made for Rochester, N.Y., September, 
1915; Trenton, N. J., October, 1915; North Carolina 
(sample districts throughout the state), April, 1916; Bos
ton, Mass., July, 1916; Chelsea neighborhood of New 
York City, Apnl, 1917; Pittsburg and other cities of Penn-
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sylvania and West Virginia, March, 1917; Kansas City, 
Mo., April, 1917. 

This method obviously has its advantages and disad· 
vantages. Within its natural limitations the data sooured 
ought to be of value and should furnish an excellent check 
on the results obtained by registration of cotntnunicable 
diseases. 

Other methods of securing data. - It will not be pos
sible to describe here all of the many ways in which data 
bearing on the health of a community may be secured, 
but mention should be made of the importance of hospital 
records, life insurance records, records of physical exami· 
nations made by the U. S. Army and Navy, records of 
physical examinations of school children. More and more 
the systematic physical examination of the people will be 
extended, until it becomes universal and compulsory. All 
of thie will wonderfnlly increase our knowledge of vital 
statistics. 

United States registration area for deaths. The Bureau 
of the Census keeps records and publishes reports of the 
mortality of those parts of the United States where the 
statistics are sufficiently accurate to make it worth while 
to do so. A so-called registration area for deaths was es
tablished in 1880. This included those states and cities 
in which satisfactory registration laws were being effec
tively enforced and where there was good reason to believe 
that more than 90 per cent of all deaths were being regis
tered. At first the registration area included only two states, 
Massachusetts and New Jersey, and certain cities in other 
states. The area has gradually expanded as shown by the 
following tables. In studying the mortality rates of the 
country in the published reports it is important to keep 
in mind this addition of new territory, new populations, 
from year to year. 



UNITED STATES REGISTRATION AREA FOR DEATHS 121 

Yoar. 

(!) 

1880 
-1890 
1900 
1001 

2 
3 
4 
5 
6 
7 
8 
9 

1910 
II 
12 
13 
14 
15 
16 
17 
18 

TABLE 19 

REGISTRATION AREA FOR DEATHS 

Populatio-n. Land ..... 

Nuro.ber. l'er OO'llt. of Bq u.arn miles. Peroont ol 
total. to tat. 

{:.l) m (4) (5) 

8,538,366 17.0 16,481 0.6 
19,659,440 31.4 90,695 3.0 
30,765,618 40.5 212,621 7.1 
31,370,952 40.3 212,710 7.2 
32,029,815 40., 212,762 7.2 
32,701,083 40.4 212,762 7.2 
33,345,163 40.4 212,744 7.2 
34,052,201 40.4 212,744 7.2 
41,983.419 48.0 603,066 20.3 
43,016,990 49.2 603,151 20.3 
46,789,913 52.5 725,117 24.4 
50,870,518 56.1 765,738 25.7 
53,843,896 58.3 997.978 33.6 
59,275,977 63.1 1,106,734 37.2, 
60,427,247 63.2 1,106,777 37.2 
63,298,718 65.1 1,147,039 38.6 
65,9891295 66.8 1,228,644 41.3 
67,336,992 67.1 1,228,704 41.3 
71,621,632 70.2 1,307,819 44.0 
75,306,588 72.7 1,349,506 45.4 
81,786,052 77.7 1,546,166 52.0 
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TABLE 20 
LIST OF STATES IN THE REGISTRATION AREA FOR 

D:EATHS 

y,..of s .... YtWol State. Entrence. Entra.nee. 

(!) (2) (I) (2) 

····-··-···-·~··· 

1880 M:.\SSa.chuaetts 1910 MinneRota 
NewJers;l Montuna 
District Columbia Utah 

1890 Connecticut 1911 Kentucky 
Delaware (dropped in Mis.souri 

1900) 1913 Vjrginia 
New Hampshire 1914 I{ansas 
New York 1916 North Carolina 
Rhode Island South Carolina 
Vermont 1917 Tennessee 

1900 Maine 1918 Illinois 
Michigan 
Indiana 

Ore~on 
Lomsiana 

1906 California 1919 Delaware 
Colorado Florida 
Maryland Mississippi 
Pennsylvania. 1920 Nebraska 

1906 South Dakota (drop-
Jled in 1910) 

1908 aahin~ton 
Wiseonsm 

1909 Ohio 

··-·· 

As a result of a· test of the completeness of the registra
tion of deaths in Hawaii the territory was admitted to the 
registration area for deaths for 1917, thus extending be
yond the Continental United States the area from which 
the Bureau of the Census annually collects and publishes 
mortality statistics. The population and land area of 
Hawaii are not included in the figures of the above table. 

The states in which the registration of deaths is still 
too un~tisfactory to warrant inclusion in the registration 
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area are: Alabama, Arizona, Arkansas, Georgia, Idaho, 
Iowa, Nevada, New Mexioo, North Dakota, Oklahoma, 
South Dakota, Texas, West Virginia, and Wyoming. 
(1920.)· 

United States registration area for births. - A regis
tration area for births was not established until 1915. For 
this year the Bureau of t.he Census published its firgt annual 
report of birth statistics based on registration records. The 
birth statistics published in connection with the regular 
decennial reports from 1850 to 1900 inclusive were based 
on enumerator's returns. 

The registration area in 1915 included only t.en states
Maine, New Hampshire, Vermont, Massachusetts, Rhode 
Island, Connectict1t, New York, Pennsylvania, Michigan, 
Minnesota, and the District of Columbia. In these states 
the registration of births is believed to include upwards 
of ninety per cent of the actual numbers. This registration 
area includes only 10 per cent of the area and 31 per cent 
of the population of the country. In spite of this unfavor
able showing a beginning has been made, and inrusmuch as 
the standard birth certificate bas been adopted for 85 per 
cent of the population and as public sentiment in regard to 
the importance of vital statistics is rapidly gaining ground, 
it is likely that the registration area for births will rapidly 
extend. No state is admitted until the accuracy of its 
records have been submitted to test. 

In 1916, Maryland was added. In 1917, Virginia, 
North Carolina, Kentucky, Indiana, Ohio, Wiscousin, 
Washington, Utah and Kansas; in 1919, California, Oregon 
and South Carolina; in 1920, Nebraska, was added, bring
ing the population included up to 59.8 per cent. 
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Need of national statistics.- More and more it becomeil 
obvious that there is need of a national system of keeping 
-records of vital statistics, with uniform state laws, and 
with proper provision for the local use of the data regis
tered. The excellent work done by the Bureau of the 
Census has done much to emphasize this need. Likewise 

·interstate barriers must be broken down in the interest of 
suppressing diseases daogerous to the public health. The 
U. S. Public Health Service, keeps a record of cases of dis
eases from data furnished by the states and publishes the 
same in its weekly Public Health Reports. This is only a 
part of what is needed. If the time ever comes when the 
Unitmi States establishes a real National Health Depart
ment the maintenance of an adequate system of vital reco•ds 
will be one of supreme importance. 

Registration in other countries. -Although it is the 
duty of American physicians and health authorities to con
form to existing laws and to strive for uniformity on the 
basis of the model laws, it is not at all eertain that the models 
already set up are the best that can be obtained. lt is a 
well-known fact that physicians are not always frank in 
reporting the causes of death. For personal reasons or for 
the protection of their clients the true facts are sometimes 
concealed. Professional secrecy, while it is not carried as 
far in European countries, is yet a material element in the 
statistical problem. It is well, therefore, to study the statis
tical methods of other countries, because much can be 
learned from their failures and successes. 

In France the methods followed are those of the Civil 
Code of Napoleon. Thn statistics are k"pt in e~tch com
mune by the Bureau de I'Etat Civil. The cause of death 
is usually based on the statement of the physician, some-
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times given verbally, but very often on the statement of 
the informant, that is, the head of the family, husband 
or wife, the nearest relative of the deceased present in the 
locality, etc. There is no secrecy about this method, and 
no legal obligation on the part of the physician; conse
quently the French statistics are not as reliable as they ought 
to be. In Belgium and Holland the system is much the 
same liS in France. 

In England and Wales the registration system is much 
better, but is very inelastic because the complete details of 
procedure were incorporated in Acts of Parliament which 
cannot easily be changed. As an example of this inelas
ticity, the act declares that no still-born children shall be 
registered at all. The country is divided into registration 
districts and sub-districts and the registrars in charge are 
responsible for getting the statistics in their respective 
districts. The data in regard to deaths must be submitted 
to the registrars by informants, who ret-eive from the at
tending physician a statement as to the cause of death made 
out in accordance with prescribed forms. Tho legal periods 
allowed for registering deaths are very long, but practically, 
'through the energy of the registration service, fairly prompt 
reports are received. 

The Swiss system has some decided advantages over those 
of other European countries and even over that of our own · 
country. Hence it deserves more than passing notice. 

The Swiss system of registration. • - The Swiss system of 
reporting deaths is so arranged that the desired statistical 
data are assured, the statistical facts are not associated in 
the statistician's office with the name of the decedent, acd 
the facts as to the cause of death are confidential between 

' ·the physician and the government. 
The death-certificate is a card (white for males, yellow 
• Froru information furnished by Mr. Thomas J. Duffield. 
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for femalel!, and orange for still-births) which bas three 
parts, an upper part which bears only the name of the de
cedent, a middle part which includes personal and statistical 
particulars required for a study of deaths by time, place, 
profession, etc., and a lower part which states the cause of 
death, with primary and contributory causes, statement 
of whether or not, an autopsy was held and a statement 
of the sanitary condition of the place of death. 
• There are four parties involved: first, the person respon
sible for notifying the local civil authority of the death, 
namely the (1) head of the family, (2) husband or wife, (3) 
nearest relative of the deceased present in the locality; 
second, the local civil authority; third, the physician in 
charge or, in the absence of a physician, a medical examiner 
·appointed by the government; and fourth, the Central 
Bureau of Statistics. 

The modus operandi is as follows: - The name is written 
on Part I, and Part II is filled out by the responsible person, 
who sends the card to the local authority. The local au
thority records the fact of the person's death, the date of 
death, etc., places a number on Part II and sends the card 
to the physician. The physician fills out Part III; de
taches Part I, i.e., the name, and throws it away; puts the 
card into an envelope on the outside of which he places the 
assigned number and returns it to the local authority. The 
local authority checks off the number to show that the physi
cian has done his duty, and without opening the envelope 
sends it to the Central Bureau of Statistics. Thus the 
name of decedent does not go to the statistical bureau and 
the medical data have no local record. It is possible, how
ever, in case of legal necessity to connect all the facts through 
the local authority where the name and number are recorded 
together. 

'!'his system at first appears cumbersome, but really it is 
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not. The larger cities send their cards to the Statistical 
Bureau weekly; the smaller ones, monthly. The causes of 
death are carefully studied by a physician of the bureau, 
and if the physician's records are not clear, follow-up letters 
are sent out and •the necessary data secured before the 
statistics are made up. 

The advantage of the confidential system of reporting the 
causes of death may be seen from the fact that when about 
the year 1891 tbis system was put in use in certain cantons, 
the number of reported deaths from syphilis was nearly 
doubled. Physicians like the system, for they have less 
elerieal work to do. They receive no fee for their returns, 
but as a recompense the weekly demographic and sanitary 
bulletin is sent to them without charge. The system has 
been used throughout Switzerland since January 1, 1901. 
· An objection to the plan is that the local health authority 
is not kept in as close touch with epidemic conditions as 
in the United States. It would be possible to modify the 
system so as to bring thia about. 
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~-----------------------------------La notice pour los o>ftlciets do l'etat civU so ttouve au versu. 

Le medeCin est pri~ de bien vouloir: 1° repondre le plus t6t possible 
aux questions 8 a 10, en tenant compte des obsetvatious inacrites 
au verso, m.ais seulement apds l'autopsie, si celle-ci a lieu; 2" con~ 
troler les 1'<\pollSel! donn.S.S aux questions 1 a 7 par 1' o.llicier de 

:::l l'etat ciVil et, 4;:as t'icheant, les oompMWr; 3" aprffi ~woir enlevO 

P<
~ le pre.'lent coupon, m.ettre le bulletin dans l'enveloppe ci .. jointe, 
~ fermer cette derniilre et Ia mettre sa.as retard & Ia poate. 

MOOoooooooooooooooooooooooooooooooooooooooo•oooooooooooooooooooool 

Feminin. · 
Arrondt d'ett>t civil: ................. . 

Registre d"' doo.ls A 191 .. 
District: .. , .... , , .................. . 

No ...................... .. 

1. Decedee le ....................... A ...... heures (rna tin 
soil'* 

2. Lieu du decU! (Cotnm\l.Ue): ................................. , .. 
(Qua:rt. etc. Mp., .............................................. . 

etabl., etc.) .................................................... . 
Pour lea non domiciliCes au lieu du dCces, du.rOO du sejour: ... . 
a. Prore .. ion de Ia decedee: ..................................... . 9 Position dans l'entreprise:. . ............ , ......... , ........ , 

Nature de l'entroprise: ................. , .....................• 
Si Ia defunte a moins do 15 arut, ) 
profession du pere* ou de Ia Illllre*: · · · · · · · · · · · · · · · ·' · · · '· · · ·' 

Etat civil: eelibataire*- mari6e*- veuve*- divorcee•. 
pr lee: enfrt.nts a.u .. dessous de .5 ans: 16git. •-ill~g. *-mise en pension. • 

5. Commune d'origine: ........................ (Canton, ......... , 
Etat.) 

6. Comm\l.UO do domicile: ...................................... .. 
7. Nee Ie ......................................... 1. ......... .. 

s. D.Sclaratlon medicale de la cause du decas: 

cause primaire 
a. Maladie primitive ou } 

~~~q= l:;e:::!t r:~~) .................................... . 
t> b. Maladie oonsec. et cause \ · · · · · · · • · · · · · · · • · · · · · · · · · · · · · · • · • • • 
~-o~ immedia.to de la mort f .. , , ... , , •.• , .. , •...• , •....•.•••••• 

13 c. Maladies et:meomit.. ou elroonst. } · · • · · ' • · · · · · · · · · · · · · · · · • · · · • • 
Po( dignes d'i3tre mentionnees ...................... , ..... . 

9. Autopsie Oui*- Non.• 
10. Condit. sanit. de !'habitation: .............................. .. 

(Voir au verso.) 
Le medooin traita.nt• appel6 aprl!s Ia mort•: 

(Sig.) .. .. . .. . . ......... L ............. . 

* Souligner les mots qui so rap portent ll. Ia personne. 136 



·····•· N6'1!ee pour l'Ottlc:ter ae l'etat mv:;. · 

Tet ~ l'annonce d'un dee<'s, c.-A-d. Ia reception d'une declaration 
de d6c!>s, J'officier d~ l't\tat civil remplit Ia c~rte d~ deo~ iusques et 
y_ compris la question 7. Cette carte est 1nun~d1atement envoy~ 
il&ns une enveloppe double au medeein qui a tralM Ia malade, ou, 
si un traitement medical n'a pas eu lieu, au m.edecin ap_pel6 apres le 
d<\cas Dans !a rilgle, la carte de decils doiiJ. dans les 48 heures, ~Ire 
de rw~veau entre les mains de l'officier de l'etat civil, qui l'adresse au 
bureau fedCral de statistique. 

Si la cal.IRe du deces ne p_eut ~tre certifiCe par un mCdecin patenttS, 
parce qu'un traitt-.ment medical n'a pa.s eu lieu et qu'une attestation 
m~dicale du dOc&; a fa.it d6f'attt, l'officier de Jl6tat civil rindiquera, en 
r6ponse Ala question 8, et mentionnera le motif de !'absence de cer-
tif!cat m<!diool. 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

Observations pour le m\1\decin. 
Question 8. On doit distinguer avec soin ce qui est ntaladie pri

ma:Ire ou causale (8 a) et ce qui est maladie consecutive ou secon
tlaln (8 b). 

J,a question 8 a est impOrtante au point de vue de !'hygiene et de 
Ia police sanitaire1 mais il est souvent difficile d'y repondre; parfois 
Ia n\ponse est incertaine el mllme lmpcssible a donner. Dans ce 
dernier cas, on fern un trait en regard de la question 8 a et, si la, * 
ponse eat incm'taine, on ajoutera un point intenoga.tif. 

J!n cas de MORT VIOLENTE, illmpcrte d'en incliquer e:uctement 
la nature, Ja cause et la date, et d'ind.tquer en mS:me temps s'il s•agit 
d;un suicide (motif: maladie mentale, alcoolisme, etc.), d'un hoJril.. 
cide ou d'un accident. 

ll est en g0n6ral plus facile de rCpondre Q la question 8 b, car i1 
s'agit le plus souvcnt de cas quo le n'Wdecin o.. pu observer pendant 
Ia vie ou apres le d6c~s (autopsie? question 9). On indiquera. ici Ies 
suites d'aceidents, p. ex, la nature et le si~·ge des lesions, fractures, 
luxa.tions, affections cCr6ba.la~. inflammations secondairoo, etc. 

Question 8 c. lei on inaiquera. lee conditions pathologiques qui 
aceompagnaient la maladie principale et qui ont exercC une influence 
6Ul' le cours et r l&suc de (~ett-e derniCre, oomme, par exemple, les devi
ations de Ia oolonne w.rt6brale dans les affections du poumon et du 
cmur, l'alcooli~me dans les maladies aigue:-:;, les maladies mentale.s, eto. 

C}nestion 10. lei on indiquem les conditions sociales et lea con· 
ditions sanit3.ires de l'ha.bit&t.ion. Ces demleres eont surtout desirables 
dans tous loo cas otl Ia mort a Ct.6 causee par une maladie 6pid~mique, 
oontagieU!ileS ou tuber('uleuse. 

Les points a considCrer sont.: 
I. I.ocaux habites: 1" Dirnen5~~iOm~; 2° Exposition nu solei1; 3~' Ven· 

tilation; 4° Cha.ttffage; 5° HumidiM causOO par one oonstruc.tion 
d6fectueuse; 6(1 Humidite caus1~e pa.r un usage abusil (chambrea 
employees pour cuirc les aliments .. laver le linge); 7~' Proprete, eto. 

n. Chambres A couoher: les m&ucs 7 point.. 
III. Eloignement des immondices: 1 o Latrines; 2° Eaux menagCres. 
IV. Alimentation d'en.u potable. 

Lor.squ'une habitation pr6~€mte des defectuosit.es sur l'un ott !'autre 
de ces points, il Iaudm l'indiquer en se servant 3. cet efl'et des chiffres 
:rmnaimJ et a.rabes qui se rapportent au cas particulier, en tenant oompte 
toulatefois des circonstances ep6ciales, selon que la maison est situ~e 
• ville ou a la. campagne, oomme, par exemple: 

D8fectuos~tes: I, 1, 3, 6, ']; II,, 2~ 3, 4, 7; III, 1. 
ou bien Defectuo"M•: I, 2, 4; Iv (pmt.J, etc. 137 
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Statistics dependent on registration. - It ought not to 
be necessary to emphasize the fact that statistics of births 
and deaths are reliable only as registration is reliable. We 
are in the habit of pointing with pride to the long statist-ical 
records of births and deaths in European countries; but we 
must not overlook the fact that while the tabular work is 
often splendidly done the figures themselves are subject to 
many errors, some of which have just been pointed out. 
The basis of good statistical reasoning must always be 
"the facts, all the facts and nothing but the facts." 

EXERCISES AND QUESTIONS 

1. Compare the methods of enumeration used in t.aking the U. S. 
OOilSIIll of 1920, with thoeo used in 19!0, 1900, 1890, 1880, etc. 

2. How do these methods oompare . with those used in England, 
Fnmco, Swuden? 

8. Would there be any advMta.ge in making the census date, " as 
of January first?" 

4. What advantages m>uld eome from the adoption of a unifonn 
census date for the entire world? 

G. How accurately is the population of China known? 
II. To what extent is the keeping of accurate census records and 

records of vital statistics an index of national progress? 

T. How can improvements be made in ascertaining the facteJ con
cerning morbidity? 



CHAPTER V 

POPULATION 

Estimation of population. - It is only for the census 
years that populations can be known with certainty. For 
the intercensal years, the yearS between two censuses, it 
is necessary to depend upon estimates. . This is also the 
case for the postcensa.l years, namely, the years following 
the last census. These estimates are only approximately 
true, a fact which must not be forgotten, but they a.re 

. sufficiently near the truth for many practical uses. 
Estimations of. population may be made in various ways. 

The natural growth of population is like that of money at 
compound interest except that the interest is being added 
constantly instead of semi-annually or quarterly, Mathe
maticians call this geometrical progression. With a given 

. constant rate of interest money in the bank increases more 
and more each year. It is the same with population. In 
geometrical progression the basis of our population estimates 
is the !\nnual rate of increase. When dealing with very 
large populations, and especially when dealing with popu
lations not influenced by emigration or immigration, this 
method is the most accurate one to use. It has several 
practical disadvantages, however, and in the present shift
ing condition of the world's population there are not many 
places where the natural growth of population is the only 
factor to be considered. 

A sim pier method is that of arithmetical progression, 
which assumes a constant annual increment between two 

!39 
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census years. The increase in ten years divided by ten gives 
the annual increase. This is practically the method by which 
money increase~ by simple interest. The arguments in favor 
of this method of estimating popu!Qtion are that it is simple 
and easily understood; that in view of the various disturb
ing factors due to migration a.nd other causes it gives results 
practically as ncar the truth as those obtained by geometrical 
progression; that t,he estimates for the whole area of a given 
district will be equal to the sum of the estimates for all tho 
parts of the di•trict, which would not be the case with the 
geometrical method. The U. S. Bureau of the Census has 
adopted this method, and in the interest of uniformity all 
cities and states should do the same. The method is one 
which should not he extended far into the future. In vital 
statistics it is not necessary to extend it beyond ten years from 
the last census, for ten years always brinb'S another cens1ts. 

Another method is that of using local dnta as indices -
such as the number of registered voters, the number of new 
building permits, the number of school children, the number 
of names in the directory, the bank clearings, the nwnber of 
passengers carried by the trolley cars, the number of deaths 
from non-communicable diseases, etc. These facts are often 
obtainable for each year and serve as valuable checks on the 
census method, but as a rule they should not be depended 
upon alone. Common sense must be used. What is wanted 
are the facts, and rigid adherence to a rule when the result is 
manifestly unfair is absurd. When deviations from ao· 
cepted practice are made, however, a statement of the method 
of making the estimates of the population should always 
accompany the result. Even the U. S. Census utilizes local 
data to modify its estimates where plainly necessary. 
Perhaps this practice might be used more frequently with 
advantage. 

Estimates of population might be made from records of 
births and deaths if these were accurately kept and if the 
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migrations of the people were known. Practically this 
method is useless. 

One item in connection with the estimation of the popula
tion of cities should not be lost sight of, namely, that of 
changing boundaries. Cities often grow by extending their 
area. Increases of population from this cause should not 
be mistaken for natural increase in population. 

Arithmetical increase. - Let us assume that the popu
lation of a place in 1900 was 70,000 and in 1910, 100,000. 
The increase WM, by the aritlunetical method, 30,000 in ten 
years, or 3000 in ~.ach year. For 1904, therefore, the esti
mated population would be 70,000 plus four times 3000 or 
82,000; and for 1915 it would be 100,000 plus five timeJ~ 
3000 or 115,000. It is assumed that within the ten years 
following the loot census the annual increase will be the same 
as the average annual increase between the loot two censuses. 
This is the simple and customary way of making the estimates. 

It must be remembered that between .these particular 
censuses the interval was not exactly ten years. The census 
of 1900 was "as of June 1st," that of 1910 "as of April 15th." 
Consequently, the interval was ten years less a month and 
a half or9tyears (=9.875yea.rs). The average increase was 
not, therefore, 3000 per year, but 30,000 + 9.875 or 3038. 
This would make the estimated population 82,152 for 1904 
and 115,190 for 1915. It will be seen that this difference 
is not great. Nevertheless, it is a correction which in some 
. cases is of importance. Whether it will have to be made 
mter the next census will depend upon the date decided 

· upon. Strictly speaking, the populations of the census 
years should be adjusted to the middle of the year before 
the avera.ge annual increments are computed, 
. Adjustment of population to mid-year.- The census of 
1910 was "as of April 15th." What then was the population 

·'on July 1st? 
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On June 1, 1900, the population was 70,000. The av
erage annual .increase was 3038 per year, or 3038 + 12 = 253 
per month. On July 1, 1900, the population was, therefore, 
70,000 + 253 = 70,258. On July 1, 1910, it was 100,000 
+ 253 X 2~ months or 100,633. The increase in ten years 
was, therefore, 100,633 - 70,253 = 30,380, or 3038 per year, 
as before. 

This arithmetical method, therefore, is used in adjusting 
the population for the census years from the day on which 
the census was actually taken to the n:iid-year. 

For example, on June 1, 1900, the population of the state 
of Indiana was 2,516,462; on Apr. 15, 1910, it was 2,700,876, 
an increase of 184,414 in 118.5 months: On .July 1, 1910, 
i.e., 2.5 months later than the census date, the estimated 

population would therefore be 2,700,876 + 1i8~5 X 184,414 

or 2,704,767. 'this is the figure used by the U. S. Census in 
the Mortality Report of that year. 

Let us take a more recent example. On Apr. 15, 1910, the 
population of New York State was 9,113,614; on Jan. 1, 
1920 it was 10,385,227, a gain ofl,271,613 in 116.5 months. 
The estimated population for July 1, 1920, would be, there-

fore, 10,385,227 + li~.ii X 1,271,613, or, by slide rule com

putation, about 10,451,000, a figure near enough for the 
computation of death-rates. 

Geometrical increase.- A simple rule for computing 
populations by the geometriClll method is to use the loga
rithms of the populations concerned in the same way that 
the populations are used in computing by the arithmetical 
method. Let us a.ssume, as before, that the population was 
70,000 in 1900 and 100,000 in 1910. The logarithm of 
100,000 is 5.0000, that of 70,000 is 4.8451. Instead of sub
tracting 70,000 from 100,000 we subtract 4.8451 from 5.0000 



GEOMETRICAL INCREASE 148 

and get 0.1549. Instead of dividing 30,000 by 10 we divide 
0.1549 by 10 and get 0.01549. Then we multiply this by 4 
and get 0.0620. Finally, we add this to 4.8451, which is the 
log of 70,000, and get 4.9071. This is the log of the IIIL~wer, 
which is 80,750. The following comparison ought to make 
this clear: 

Example.- The population of a city in 1900 was 70,000 
and in 1910, 100,000. What was the population in 1904, 
in 1915 and in 1925? 

TABLE 21 

Arithmet
ical met.hod. Geometrical method. 

-·------·-·---- --·-·-------
(I) (2) (3) 

Population in 1910 .. 
H H 1900,. 

100,000 
70,000 

log of 1001000 = 5. 0000 
II H 70,CXlOo=4.8451 

Incref'Se in 10 years· 30,000 0.1549 
Increase in 1 year.· 3,000 0.0155 

Increase in 4 years .. 12,000 0 0620 

Population itt 1900, . 70,000 4.8451 
I' II 1904 .. 82,000 log of eo, 760 = 4. 9071 

Increase in 5 years . . 15,000 0.'0775 
Population in 1910. , 100,000 ' 5.0000 

" u 1015. 11G,OOO log o/119,600 ~ 5.0775 

I norease in 15 yea.rs. 45,000 0.2325 
Population in 1910 . . 100,000 5;0000 .. .. 1925 .. 146,000 log of 170,800 • lDili25 

It will be noticed that for int.ercensal years the arithmet
ical method gives higher estimates than the geometrical, 
but that for postcensal years the geometrical results are 
higher. This is illustrated graphically by Fig. 31. 
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FIG, 31. - Example of Arithmetical and Geometrical Methods 
.cf Estimating Populai;.ion. 
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' i(~lonnula for geometrical increase. -The mathematical 
t;»:mu1a for geometrical increase is 

,c:: P. = P, (1 + r)", 
In which P, is the population at one census, P • is the pop
ulation n years after P., r is the annual rate of increase 
and n is the number of years. 

Let us apply this to the case already considered. Here 
we know the two popt1lations P, and P., 70,000 and 100,000, 
and we know that n is 10 years; first we need to find r, 

c the annual rate of increase. According to algebra we m~ 
crewrite the above formula, thus: 

log Pn - log P, = n log (1 + r). 
Substituting the values of the logarithms of 100,000 aad 
70,000 and the value of n we have 

5.0000 - 4.8451 ~ 10 log (1 + r) 
0.1549 = 10 log (1 + r) 

0.01549 = log (1 + r) 
and from the tables of logarithms (1 + r) is found to be 
1.036, hence rc = 1.036 - 1 = 0.036, or 3.6 per cent. There
fore, the average annual rate of increase between 1900 and 
1910 wa.s 3.6 per cent. 

Knowing this rate and assuming it to be constant we can 
find the population in any other year. Suppose we try 
1925, 15 years after 1910. Then we have: 

Pn = 100,000 (1 + 0.036)", 
log P. = log 100,000 + 15 log 1.036 

= 5.0000 + 15 X 0.01549, 
tog P. = 5.23235, 
;. P. = 170,790(according to the log. tables.) 

By the use of this formula many interesting problems can 
be solved. l<'or example, how many years would it take the 
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population in our now familiar example to reach 200,000? 
We know that the average rate of increase between 1900 and 
1910 was 3.6 per cent. Therefore, we have in the formula 

200,000 = 100,000 (1 + 0.036)•. 

We want to find the value of n. We have 

log 200,000 ~ Jog 100,000 + n log 1.036, 
5.30103 ~ 5.0000 + n X 0.01549, 
0.30103 ~ n X 0.01549, 

0.30103 
n = 0.01549 = 19.43 years. 

Strictly speaking, we have no reason to use a year or even 
a month as the basis of compounding, as the population is 
increasing from day to day and from hour to hour. A more 
accurate formula may be found in books on calculus. We 
do not need to use it in this work. 

Rate of increase.- The popUlation of the United States 
on June 1, 1900, was 75,994,575; On Apr. 15, 1910, it was 
91,972,266. The increase in 9i years was 15,977,691 or, 
134,833 per month, assuming the increase to have been 
constant .. We might divide this still further and say that 
the average increase was 4494 per day, or about 3.12 persons 
per minute. On this basis we might also by computation 
ascertain that the population of the United States passed the 
one hundred million mark at 4 o'clock on Apr. 3, 191.5. 
Such statements as this have a fascination for certain people, 
but they are of idle moment, They merely serve to illustrate 
the method of computation by the arithmetieal method. 
Had the geometrical method been used the result would have 
been different. As a matter of fact no one will ever know 
just when the population passed the hundred million mark. 

If we take the above figures for 1900 and 1910 and regard 
them as representing a ten year period (instead of 9.875 



DECREASING RATE OF GROWTH 147 

) th • t to 15,977,691 21 years , e mcrease amoun s 
75 994 575

, or per cent. 
' ' We may divide this by 10 and say the annual inr:remmt was 

2.1 per cent, or more accurately by 9.875 and say that it was 
2.13. But we ought not to use the word rate in this connec
tion. As a matter of fact, if the rate of increase in 10 year~~ 
was 21 per cent, the awrage annual rate would not be 2.1 
per cent. If in the formula. for geometrical increase ·we let 
P, = 100 and P. = 121, which would represent an inCl'e8iilll 
of 21 per cent in 10 years, then 

log 121 log 100 10 log (1 + r), 
2.08278 - 2.00000 ~ 10 log (1 + r), 

from which 
r = 1.92 per cent, not 2.1 per cent. 

This assumes that, as we might say, the interest is com
pounded annually. 

This error of dividing the percentage increase in 10 years 
by 10 to find the annual increase is sometimes made in using 
the geometrical method of estimating increase. Obviously 
with compound interest a lower rate suffices to produce a 
given increase in 10 years than with simple interest. The 
proper way to find the annual ra.te is by the use of the 
formula. 

In 1920 the population of the United States was 
105,710,620, an increase of 15.2 per cent in ten ~ars less 
3.5 months. This is equivalent to 1.27 per cent annually, 
a much lower rate than the preceding. 

Decreaaing rate of growth. - It seems to be generally 
true that as citie'i! become larger their annual rate of growth 
decreases. A study of six American cities gave the following 
annual rates of increase when the populations were as 
bulie&ted. 
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TABLE 22 

liECRl!ASING RATE OF GROWTH OF CITIES 

P=t~n Annual pen:eot.. 
uae Increa.se. 

(I) (2) 

100,000 4.86 
200,000 3.59 
300,000 2.91 
400,000 2.48 
500,000 2. 00 
600,000 1.75 
700,000 1.66 
800,000 1.58 

This seems to be so generally true that it may be put 
down as a law that as rities become larger their annual 
percentage rates of growth fall off. At the same time this 
may be accompanied by an increasing annual increment of 
population. 

Dl1ference between estimate and fact. - In estimating 
the population either by the arithmetical or geometrical 
method we are assuming something which is almost never 
true, i.e., that the population is increasing regularly. As a 
matter of fact the increase is not regular from year to year. 
Therefore, any estimate may be errone.ou.s. In the absence 
of the facts, however, we are oompelled to resort to the 
method of estimation. Also when we assume that the growth 
in the present decade is the same as in the last decade we 
assume a uniformity of conditions which seldom obtains. 
Let us check a few of our estimates by actual census 
returns. 

In Cambridge, Mass., the census population was 70,028 
in 1890 and 91,886 in 1900, a gain of 21,858 in the decade. 
If the same increase had continued during the next decade 
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the population would have been 113,744. The oensW! of 
1910 was, however, only 104,839. 

In 'Detroit, Michigan, the population in 1890 was 205,876 
in 1900 it was 287,704, the increase being 79,828. If thie 
increment continued regularly the population in 1910 would 
have been 365,532; actually it was 465,766. This of course 
is an extreme case. In most cities the estimates agree fairly 
well with the facts. 

Let us take the case of a larger population, say that o£ the 
United States. In 1890 the population was 62,947,714, in 
1900, 75,994,575, the decadal increase, 13,046,861. The 
estimate for 1910 based on these figures would have been 
89,041,436 by arithmetrical, or 91,723,000 by geometrical 
increase. Actually the population in 1910 was 91,972,266. 
For large populations like this the geometrical method gives 
closer results. The Great War upset population estimates 
to a great extent. In the United States the results of the 
last census were disappointing to many cities and there 
were many complaints that errors of count had been made. 
The war conditions coupled with the fact that the censW! 
interval was about three per cent less than ten years seetnl! 
sufficient to account for the smaller growth in most plac~s. 

Revised estimates.- Suppose, however, that as in 
Cambridge, Mass., the census of 1910 showed that the city 
had not grown as fast as in the decade from 1890 to 1900, 
what shall be done with the estimates already made for the 
years 1901 to 1909, inclusive? Obviously they were not 
correct even on the theory of steady increase. Yet they 
have been used as the basis of computing birth-rates and 
death-rates. The answer is that if the discrepancy is large 
the populations for those years should be rei!stimated and 
the birth-rates and death-rates recomputed. Let us see 
what differences would result. 
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TABLE 23 

REVISION OF POPULATION ESTIMATES 

y..,, CeoStlfl. Poetoenaal..tlmate lntercen!al eat.i~W 
bs~ onl800-11100, b«4ed on 1900..1910, 

(1) (2) (3) (4) 
·- -----··-·-

1890 70,028 
1900 91,886 

1 94,072 93,181 
2 96,258 94,4.76 
3 98,444 95,771 
4 1()0,630 97,066 
5 102,816 98,361 
6 105,002 99,886 
7 107,188 100,951 
8 109,374 102,246 
9 111,560 103,541 

10 104,839 

Ordinarily the errors are not as great as this and no 
oorreetion need be made, but the chance of error is so great 
that old published figures for death-rates should not be 
accepted at their face value until the population estimates 
Mve been carefully examined for errors of this sort. 

It would be sound practice to revise all rates based on 
postcensal population estimates every ten years, i.e., after 
each new census. 

Estimation of population from accessions and losses. -
In a place where records of the births and deaths are accu
rately kept it would be possible to use them in estimating 
population, but emigration and immigration enter as dis
turbing factors. Two exa.mple.s of this method will illll!ltrate 
the way in which this method works out. 

In England and Wales the data were as follows: 



ACCURACY OF STATE CENSUSES 151 

Population in 1891. . . . . . . . . • . . • . . • . . . . . . . . • • 29,000,000 
Births, 18911.<> 1901. . • . . .. .. . .. . • • . . • . • • . .. 9,160,000 

38,160,000 
Dco.ths, 18911.<> 1901........................ 5,560,000' 

Computed population in 1901 . . . . . . . . . . . . . . . . . 32,600,000 
Census gave, for the year 1901 . . . . . . . . . . . . . . . • 32,530,000 
Difference representing excess of emigration over 

im.Jnigration . ........ , , , . , .... , , ... , . . . . . . 701000 

· In Massachusetts the population for 1910 computed in 
way wns 3,092,349, but the census gave 3,366,416, an ac:: of 274,067, which represented in part the excess of 

I · ' ration over emigration and in part, no doubt, incom-
. te registration of births. In 1920, the excess was only 

as much as in 1910, due, no doubt to a lower immigration. 
, Immigration. -The irregular effect of immigration in 
· · e United States may be inferred from Fig. 32, which 

.• WI! the immigration by years from 1820 to 1920. Immi
;'lp-ation ·has occurred in a series of waves, resulting from the 
relative economic conditions in this country and abroad. 
;when this incoming population hs.s been concentr.ated in 
manufacturing cities, as has periodically been the case, it has 
been followed by an increased prevalence of disease. The 
subject is, therefore, an iu1portant one for sanitarians to 
consider. 

The data for immigration are published in the annual 
reports of the U. S. Commissioner General of Immigration. 

Accuracy of state censuses. -- The U. S. Bureau of the 
·Census does not recognize as generally acceptable the results 
obtained by those states which enumerate their populations 
in the years which end in 5, on the ground that it does not 
control such intermediate censuses and has no way of assur
ing itself of their accuracy. On the whole this position is 
probably sound. In Massachusetts, the federal cellB\18 in 
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1910 Will! made by the same state authority, namely tb 
Director of the Massachusetts Bureau of Statistics, whici 
has made the st>.;te census, and one census was presumably s 
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Flo. 32,- Immigration to the United States: 1820-1920. (From 
report of Commissioner of hnmigration.) 

accurate as the other. The census of 1920 was made directly 
by the federal authorities. 

In the past, however, the state censuses have evidently 
not been as accurate as the federal censuses. If the results 



URBAN AND RURAL POPULATION 153 

if the federal censuses for Massachusetts are plotted the 
points fall on quite a smooth and regular curve from 1820 to 
11120, the only important departure being during the decade 
fl. the Civil War. The figures for the state censuses do not 
&11 fall on this line, hut rise and fall irregularly. This is 
presumptive, though not conclusive, proof of the inaccuracy 
,C some of the figures (Fig. 33). 

The Massachusetts state census was taken on May 1 
from 1855 to 1905, incllll!ive; in 1915 it was taken on April!. 

The question often comes up for decision, shall the state 
OOilSII88S be used in estimating populations for the yeQI'S in the 
last half of each decade? For. the sake of uniformity it is 
best to use the federal figures only unless tb.e Bureau of tb.e 
Census maintains some supervision over tb.e state ceDBIII!, 
in which case they should be given full weight. The state 
figUres should be used, in any case, as a e.heek on tb.e esti
mates based on the federal results. Should glaring differ
ences be noticed their cause should be investigated. If 
lltate figures are used this fact should be stated in connection 
· 'th the estimate. 
1 Urban and rural population. - It is corrunon to classify 

'e population of a country into "urban " and "rural." 
• is done for purposes of discussion, the idea being to 

te the people living in sparsely settled regions and 
paall villages from those living in cities, on the theory that 
Ule fonner lead a more individualistic life, whlle the latter 
~ ~ more communal life. In cities for example, water 
!Qpplies, sewerage systems, food supplies, methods of trans
il!!lrtation and various public utilities are used in conunon by 

while in the oountry each household has its own well, its 
garden, its own cesspool, its own means of transporta

Thus urban and rural populations are supposed to 
and work under different conditions. 
bviously the separation of the two classes must be an 
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arbitrary one. In the United States prior to the Census of 
1880 the limit of 8000 inhabitants was used. In 1880 it· 
became recognized that many communities of less than 8000 
inhabitants possessed " the distinctive features of urban 
life," and accordingly the limit was dropped to 4000, although 
the old limit was used in many of the tabult~tions of the 

4,000. 
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Fm. 33.- Population of MMBachUBetia according to Federal and 

State c.,..._, (The effect of the Civil War should he noticed.) 

census of that year, and also of the years 1890 and 1900. In 
1900 some comparisons of the two limits were made. It was 
found, for example, that 32.9 per cent of the population of 
the United States would be classed as urban on the basis of 
the 8000 limit, and 37.3 per cent, on the basis of the 4000 
limit. 

In 1910 the limit was reduced by the Census Bureau to 
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~- The reason for this probably lay in the extension of 
!Various public utilities, once existing only in the cities of 
)arger size, to the smaller communities. In 1910, 46.3 per 
oent of the population were classed as urban on the basis of 
the 2500 limit, but only 38.8 were in cities larger than 8000. 
'In 1920 the 2500 limit was maintained and it was found 
that on this basis 51.4 per cent of the population of the 
United States was urban. 

One must be ·careful in drawing conclusions from " urban 
and rural statistics." In the first place, of neoossity they 
relate to civil divisions. "Outside of New England," says 
·the Census Report for 1900, " there is not much difficulty in 
distinguishing between the urban and rural elements of the 
population, as only dense bodies of population are chartered. 
But in New England a town, which is the usual division of 
the county, is chartered bodily as a city when eertain con
ditions of population are fulfilled, so that a city may contain 
a considerable proportion of rural population, and, con
versely, a town may contain a compact body of population of 
magnitude sufficient to be classed as urban." Evidently then, 
rum! population does not necessarily mean people living in 
isolation, !IS on a farm. Almost every incorporated town or 
borough has some center, and here people may live under 
eommunal conditions which may be quite as insanitary as 
those found in cities, with hOuses close together, with board
ing houses, saloons, stables, numerous cesspools, and even 
aewers and public water supplies. 

Attempts have been made by various writers to make a 
. triple separation of the population into " rural," "village," 
and " urban," using populations of 1000 and 4000 as de
IIl&rkations. These add but little to the value of the statis
tics and usually it is best to follow the practice of thll Bu.rea.u 
of the Census. Populations of 3000 and 5000 have also been 
used as limits between rural &nd 1.1rban. Whatever limits 
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are used the possible fallacies inherent in an arbitrary classi
fication should be kept in mind. 

In comparing conditions as shown by censuses ten years 
apart there is always likely to be some confusion caused by 
communities which have populntions near the limit changing 
from one side to the other. The Bureau of the Census has 
followed this practice: " In order to contrast the propor
tion of the total population living in urban or rural territory 
the territory is classified according to the conditions as they 
e:Wited at each cenl!tls; but in order to contrast between the 
rate of growth of urban and rural communities it iS necessary 
to consider the changes of population for the same territory, 
which have occurred between censuses, and the places in· 
cluded in the urban class are those which have populations 
above the limit at the last census, even though they were 
below the limit at the time of the previous census. 

Since about 1820 the urban population of the country has 
been rapidly increasing, the rural population becoming 
relatively less. This is well shown by the following figures: 
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TABLE 24 

TOTAL AND URBA.N POPULATION AT EACH CENSUS: 
1?90-1920 

(From U. S. Censll$, 1920, Vol. 1, p. 43.) 

Consul ToUtl population. Urban population. • 
N u.m.b&\! of W'banol 

7'1'1'· ....... total-....... 
(1) (2) (S) (4) (G) 

1790 3,929,214 131,472 6 3.3 
1800 5,308,488 210,873 6 4.0 
1810 7,239,881 356,920 11 4.9 
1820 9,638,453 475,135 13 4.9 
1820 12,856,020 864,509 26 6.7 
1840 17,069,453 1,453,994 44 8.5 
1850 23,191,876 2,897,586 85 12.5 
1860 31,443,321 5,072,256 141 16.1 
1870 38,558,371 8,071,875 226 20.9 
1880 50.155,783 11,363,698 285 22.7 
1890 62,947,714 18,244,239 445 29.0 
1900 75,994,575 25,018,335 547 32.9 
.1910 91,972,266 35,570,334 768 38.7 
1900 105,710,620 46,307,640 924 48.8 

"' Population ol plaeos of 8000 01' more &~ each oensu&. 

This is also shown by the increase in the number of large 
eitU.S since 1860. 

TABLE 25 
TABLE SHOWING THE INCREASE IN Ntrllll!BR 011 LABGB 
CITIES IN THE llNITED STATES BETWEEN 1860 AND 1910 

l'iumber or 
()!tiel with 
popula.tion 

abov-e. 

1860. 181U. 1880. 1890. 1900. 11110. 1920. 

__ (9 _____ _gl._ __ _ _Q?_ __ -----~~--- ~i!L.. _J!IL_ (7) (8) 

25,000 
50,000 

100,000 
800,000 

1,000,000 

32 
15 
8 
2 
0 

50 
24 
13 
2 
0 

77 
35 
20 
4 
1 

125 
58 
28 
4 
3 

161 229 287 
79 109 144 

.1 -~L~ .. 
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Density of population. - By the density of population 
we usually mean the number of persons dwelling upon a unit 
area of land, as a square mile or an acre. It is not to be 
supposed that the persons within this unit area are uniformly 
distributed over it. Usually they are not. The ratio is one 
of convenience, however, and variations of density within 
the area under consideration are tacitly assumed. On' the 
catchment area of the Croton river (331 square miles) which 
supplied New York with unfiltered water the population in 
1903 was on an average about 52 per square mile, while on 
the cat<:hment ar<'.as of many German streams, where the 
water is liltcred before being used the population per square 
mile is often 500 or 800. Thus the average density ex
pressed in this way is a valuable means of comparing the 
relative liability of the water to be contaminated, even 
though both in Gel'lllllJly and on the Croton catchment area 
the population consists of villages and farms irregularly 
scattered. 

The av0rage density of the population of the United 
States is steadily increasing. In 1790 it was only 4.5 persons 
per square mile; in 1860 it was 10.6; in 1910, 30.9; in 1920, 
35.5 per square mile. The density varies greatly in the 
different states. Rhode Island has the greatest density. 
In 1920 it was 566.4 per square mile, Massachusetts came 
next with 479.2, then New Jersey with 420.0; Connecticut, 
286.4; New York, 217.9; Pennsylvania, 194.5; Maryland, 
145.8; Ohio, 141.4; Illinois, 115.7; and Delaware, 103.5. 
These were the only states above 100 per square mile. In 
Nevada the density was only 0. 7 per square mile. 

The density of popnlation of the United States by counties 
in 1910 is shown in !<]g. 34. The cenms of 1920 showed only 
slight elmnges. 

When we need to know the variations in density more 
accurately we take a smaller unit of .area. For the purpose 
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Fra. 34. -Population per Square l!.1ile, by Counties: 1910. 
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00' calculating the size of sewers required in a district, or for 
studying the congestion of population in a city the density 
per acre is computed. The population density in cities 
uaualey increases with their population. In the congested 
portions of cities the density may be several hundred per 
acre, sometimes over a thouse.nd. Fig. 35 shows the den
sities of population in the different wards of Boston and 
Cambridge in the year 1910. 

r-

1.., 
0 I 00 

1'-..., 
..,o. brtdre -..... .-SOliton 

"' fu•n j..-M ~ ~n I ~ 
0o 1011,000 200,000 800,000 400,000 500,000 600,000 

Population 

Fm. 35. Donsity of Population by Wards in Boston and Cam
bridge, Maos.: 1910. 

There are two ways in which the density of population 
of a city may be computed. The first and most com
mon way is to divide the population by the area in acres. 
This gives the average density per acre. In BoBton, for 
eX!IJII.ple, in 1910 the population was 670,585, the acreage, 
27,674, and the number of persons on the average acre was 
23.2. But if we place the peOple in array in accordance 
with the density of population of the ward where they reside 
w~ 111!4 tbat the median person lives where the density is 

0 
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about 50 per acre and that 10 per cent of the population live 
where the density is 125 per acre, 5 per cent where it is 150. 
1n Cambridge, Mass., the average density per acre is 25.1, or 
prfl.ctioally the same as in Boston. The density for the 
median person is also about the same, i.e., 50 per acre; but 
10 per cent of the population Jive where it is more than 60 
per acre, and only 5 per cent where it is 100. In no ward 
of Cambridge is the density as great as in five large pop
ulous wards of Boston. 

For some purposes, such as designing a sewerage system, 
the average density per acre is what is wanted, but when 
we are considering the crowded condition of the people it 
is the median density based on population which is needed, 
and the proportion of people living under conditions of 
different congestion. We need also to consider areas as 
small as single blocks. 

Population of United States Cities. -The figures in 
Table 26 will be found useful in computing vital rates. They 
are based on published reports of the U. S. Blll'tlau of the 
Census. 
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TABLE 26 
POPULATION 011 UNITED STATES CITIES RAVING, IN 

19110, 16,000 INE!ABITANTS OR MORE 

1900. 1910. I 1920. 

···--
(I) (2) (3) (<) 

-A!ab<lma 
Birmingham ............... 38,415 13.2,685 178,270 
Mobile .............. , .... 36,469 51,521 60,151 
Montgomery .............. 30,346 38,136 43,464 

Ari~ona 
Phoenix ....••..•••........ 5,644 11,134 29,053 

Arkan.~aa 
Fort Smith ................ 11,587 23,975 28,811 
Little Rook •..•........... 36,307 40,941 64,!197 

oaz:nn:_a .................. 16,464 23,383 28,806 
Berkeley .................. 13,214 40,434 55,886 
Fresno ...... , ............. 12,470 24,892 44,616 
Long Beach ............... 2,252 17,809 55,593 
Los Angeles ............... 102,479 319,198 576,673 
Oakland ................... 66,960 150,174 216,361 
P&aadeua ............... 9,117 30,291 40,364 
Sacramento ............... 29,282 44,696 66,857 
San Diego ................. 17,700 39,578 74,683 
San Francisco.,," ...... , 342,782 416,912 508,410 
San .Jose ......... 21,500 28,946 39,604 
Stookton .......•.......... 17,506 23,253 40,296 

Colorado 
Colorado Springs .......... . 21,085 29,078 30,105 
Denver .........•.......... 38,859 213,381 llli6,369 
Pueblo ...... , ..... .... .... 28,157 44,395 42,908 

Connecticut 
70,996 Bri:\Jeport.. .. .. .. .. .. .. 102,0.14 143,538 

Ha ord .................. 79,850 98,915 138,036 
Meriden (town) ........... 28,695 32,066 34,739 
Meriden (city) ............ 24,296 27,265 29,842 
New Britain ............... 25,998 43,916 59,316 
New Haven ............... 108,027 138,605 162,519 
New London .............. 17,548 19,659 25,688 
Norwalk 6,125 6,9M 27,743 
Norwich (towni: :: ::: : ::: 24,687 28,219 29,685 
Stamford (town) .. , . , ..... 18,839 28,8.~6 40,057 
Stamford (city) ........... 15,997 25,138 35,086 
Waterbury ................ 45,859 73,141 91,410 
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TABLE 26 
POPULATION OF UNITED STATES CITmS HAVING, IN 

19:110,16,000 INHABITANTS OR MORE- (Coniinued) 

1900. 191(}. 

(1) (2) (3) (4) 

------··--·--1---1---
Delaware 
v!;~r;:i:fc~l~~bia · · · · · ' · · · · 

WMhington .............. . 
Florida 

Ja~ks9nville ............. . 
M1amt .................. . 
Pensacola ............... . 
Tampa .................. . 

ae.rJ:.ta .................. . 
Augusta .................. . 
Columbus ................ . 
Macon ................... . 
Savannah ................ . 

Illinois 
Aurora ................. . 
Bloomington . . , ...... , . . . 
Chicago ...... ,, ..... ,, .. 
Cicero (town) . ........... . 
Danville ................. . 
Decatur ................ .. 
East St. Louis ............ . 
Elgin .................... . 
Evanston . ............... . 
Joliet .................... . 
Moline .. ................. . 
Oak Park Village. . . .... . 
Peoria ... . , , ... , , , ... , .. . 
Quincy .............. .. 
Rock Island .............. . 
Rockford. , .......... , .. . 
Springfield.. .. .. . .. . .. . .. 

lndi!Jna 
Anderson ............... . 
East Chicago ............. . 
Evaneville .............. .. 
} .. ort Wayne.,. ........... . 
Gary ..................... . 
Ha.rnmond . ............... . 

76,508 

278,718 

28,429 
1,681 

17,747 
15,839 

89,872 
39,441 
17,614 
23,272 
54,244 

24,147 
23,286 

1,698,575 
16,310 
16,354 
20,754 
29,655 
22,433 
19,259 
29,358 
17,248 

fi6,100 
36,252 
19,493 
31,051 
34,159 

20,178 
3,411 

59,077 
46,115 

12,376 

87,411 

331,069 

57,699 
5,471 

22,982 
37,782 

154,839 
411040 
20,554 
40,665 
65,064 

29,807 
25,768 

2,185,283 
14,557 
27,871 
31,140 
58,547 
25,976 
21,978 
34,670 
21,199 
19,444 
66,950 
36,587 
21,335 
45,401 
51,678 

22,476 
19,098 
60,647 
63,933 
16,802 
20,925 

110,168 

437,571 

91,558 
29,549 
31,035 
51,252 

200,616 
52,548 
31,125 
52,996 
83,252 

36,397 
28,725 

2,701, 705 
44,995 
33,750 
43,818 
66,740 
27,454 
37,215 
38,406 
30,709 
39,830 
76,121 
35,978 
35,177 
65,651 
59,183 

29,76'7 
35,967 
85,354 
86.549 
55,378 
36,004 
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TABLE 26 
POPULATION OF UNITED STATES CITIES BAVINGl IN 

1920, 2&,000 l'NBABITANTS OR MORE- (COIIlinUMJ 

1000 2910. 11>20. 

{1) (2) (3) (I) 

Indiana- (Continued) 
Indianapolis .... ,, ... , ..... 169,164 233,650 314,194 
Kokomo ................... 10,609 17,010 30,067 
Muncie .... ,,, ..•... ,, ... ,. 20,942 24,005 36,524 
Richmond ...••..••........ 18,226 22,324 26,765 
South Bend, .............. 35,999 53,684 70,983 
Terre Ha.ute .•..•..••...... 36,673 08,157 66,083 

Iowa 
Codar Rapids ........... ' ' . 25,656 82,811 45,566 
Clinton .......... , ......... 22,698 25,577 24,161 
Council Bluffs ............. 25,802 29,292 36,162 
Daven!)9rt ................ 35,254 43,028 00,727 
Des Moines, ... , ... , ...... 62,139 S6,368 126,468 
Dubu0ue .................. 36,297 38494 39,141 
Sioux ity ....... , ......... 33,lll 47:828 71,22'7 
Waterloo ...•...•... , ...... 12,580 26,693 36,230 

KansaS" 
Kansas City ............... 51,418 82,331 101,177 
Topeka .................... 33,608 43,684 50,022 
Wichita, ....... , .... , ..... 24,671 52,450 72,128 

Kon~ucky 
Co':ington.,, ... ,, ... , ...... 42,938 53,270 57,121 
Lexmgton ...... , , ......... 26,369 35,099 41,084 
Louisville. , .... , , ....... , . 204,731 223,928 234,891 
Newport ................ ,. 28,301 30,309 29,317 

LouiiJiana 
New Orleaus .••........... 287,104 339,075 387,219 
Shreveport ................ 16,013 28,015 43,874 

Maine 
Bangor .........••......... 21,350 24,803 25,978 
Lewiston ... , ... , ... , ... ,,. 23,761 26,247 31,791 
Portland ..• , .... , ......... 50,145 58,671 69,272 

Maryland 
Baltimore ......••......... 508,9.17 li58,435 733,826 
Cumberland ............... 17,128 21,839 29,837 
Hagerstown .... , ..•. , .... , 13,591 16,507 28,066 

.i\lastrachmettt 
Boston ...... , , .. , ......... 560,892 670,1;85 748,060 
Brookton .................. 40,063 56,878 66,138 
Brookline (town) ........ , . 19,985 27,792 37,748 
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TABLE 26 
POPULATION Oll UNITED STATES CITIES HAVING, IN 

1920, 26,000 Il'lliAlllTANTS OR MORE- (Continmd) 

(!) 

MatsachnseUs- (Continued) 
Cambridge ........... , ... . 
Chelsea .. , .. , ........ , .. ,. 
Chicopee ................. . 
Everett ..... , ... ,., .. , .. ,, 
Fall River ............ , .. .. 
Fitchburg ................ . 
Haverhill ................ . 
Holyoke ................ . 
I .. awrence., ..... , .. , ...... . 
Lowell ............ , .. , .. ,. 
Lynn ..................... . 
Malden .. , ........... .. 
Medford ........... , ...... . 
New Bedford ............. . 
Newton ........... , ...... . 
Pittsfield ................ .. 
Quincy ........ , .......... . 
Revere ...... , ............ . 
Salem .................... . 
Somerville ......... , ...... . 
Springfield ............... . 
Taunton ... , ............. . 
Waltham ................ , . 
Worcester .. , ............. . 

Micki1Jan 
Battle Creek, ............ . 
Bay City ................. . 
Detroit ................... . 
Flint ..................... .-
Grand Rapids .... ,, ... , .. . 
Hamtramck Village .. , .... . 
Highland Park, , ......... . 
Jackson .................. . 
Kalamazoo ............. . 
Lansing).. .. .. ......... . 
Muskegon ........... , .. , .. 
Pontiac ..... __ .......... . 
Port Huron,, , ... , ...... . 
Saginaw, ... , .......... . 

!!JOO. 

(2) 

91,886 
34,072 
19,167 
:!4,886 

104,863 
31,531 
37,175 
45,712 
62,559 
94,969 
68,lil3 
33,00!. 
18,244 
62,442 
33,587 
21,766 
23,899 
10,395 
35,956 
61,643 
62,059 
31,006 
23,481 

118,421 

18,563 
27,628 

285,704 
13,103 
87,565 

427 
2.5,180 
24,404 
16,485 
20,818 

9,769 
19,158 
42,345 

ll)JO. 

(3) 

104,839 
32,452 
25,401 
33,4&1 

119,295 
37,826 
44,115 
67,731) 
85,892 

106,294 
89,336 
40,404 
23,150 
96,652 
39,806 
32,121 
3 ,642 
18,219 
43,697 
77,236 
88,926 
34,259 
27,834 

145,986 

25,267 
4b,l66 

465,766 
38,550 

112,571 
3,559 
4,120 

31,433 
39,427 
31,229 
24,062 
14,532 
18,863 
50,510 

1920. 

(4) 

100,694 
43,134 
36,214 
40,120 

120,485 
41,0!3 
53,884 
60,203 
94,270 

112.759 
99,148 
40,103 
39,038 

121,217 
46,054 
41,751 
47,876 
28,823 
42,529 
93,091 

129,563 
37,137 
30,915 

179,754 

36,164 
47,554 

963,739 
91,599 

137,634 
48,615 
46,499 
48,374 
48,858 
57,327 
36,570 
34,273 
25,944 
61,903 
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TABLE 26 
POPtJLATION OF UNITED STATES CITIES RAVING, IN 

1920, 25,000 INHABITANTS OR MORE-- (Continwd) 
. 

!900. 1910. !920. 

(!) (2) (3) (4) 

Minnesota 
Duluth ............ , ....... 52,969 78,466 98,917 
Minne~folis ............... l!Jl2,718 301,408 380,682 
St. Pau ................... 163,065 214,744 234,595 

Mi8souri 
Joplin ..................... 26,023 32,073 29,855 
Kansas City ............... 163,752 248,381 324,410 
St. Joseph ............ ' " " 102,979 77,403 77,939 
St. LOUIS .. '' ••.••• '' ....• ' 575,238 637,029 772,897 
Springfield ................ 23,267 35,201 39,631 

Montana 
Butte .. , .... , ..... ... .. 30,470 39,165 41,611 

NebrMkJJ 
Lincoln, .... ,,, .... ... ... " 40,169 43,973 54,934 
Omaha ........... ..... 102,555 124,096 191,601 
South Omaha ...... ... .... 26,001 26,259 . ....... 

New Hamp~~hi:to 
Manchester ...... ..... ... 56,987 70,063 78,384 
Nashua ......... -······ .. 23,898 26,005 28,379 

ieto Jer8ey 
. Atlantic 0ity,, .. ' " ' " 27,838 46,150 50,683 

Bayonne ......... , ........ 32,722 55,545 76,754 
Camden ................... 75,935 94,538 116,309 
Clifton ........... , .... .... 5,351 11,869 26,470 
Eaat Orange ........... ... 21,506 34,371 50,710 
Elizabeth ....... _ ..... --·· 52,130 73,409 95,682 
Hoboken .............. .. '. 59,364 70,324 68,166 
Irvington (town) .. , . _ .. 5,255 11,877 25,480 
Jersey City ............ 206,433 267,779 297,864 
Kearnr,·- .. ,. ... , . . . . " ... 10,896 18,659 26,724 
Monte air .............. 13,962 21,550 28,810 
New Brunswick ........ 20,066 23,388 32,779 
Newark ..... --~ ......... .. 246,070 347,469 414,216 
Oranflle .......... ... 24,141 29,630 331268 
Passa1c ........ , . ..... .. 27,777 54,773 63,824 
Paterson ......... ···- .... 105,171 125,600 135,866 
Perth Amboy ..... ... 17,699 32,121 41,707 
Plainfield .............. ... ' 15,369 20,550 27,700 
Trenton .............. ... 73,307 96,815 119,289 
West Hoboken (town). . ' .. 23,094 35,403 40,068 
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TABLE 26 
POPULATION OF UNITED STATES CITIES HAVING, IN 

1929, 26,000 INHABITANTS OR MORE- (ContinWJ<l) 

1900. 1910. 1920. 

-
(I) (2) (3) (4) 

New Jer•ey- (Continued) 
West New York (town) .... 

New York 
5,267 13,500 29,926 

Albany .................... 94,151 100,253 !13,344 
Amsterdam. .. .. .. .. .. .. . . 20,929 81,267 83,624 
Auburn ................... 80,343 34,668 36,192 
Binghamton ............... 39,647 48,443 66,800 
Buffalo ................... 362,387 423,715 606,775 
Elmira .................... 36,672 37,176 43,805 
Jamestown ................ 22,892 31,297 38,917 
Kingston .................. 24,536 20,008 26,688 
Mount Vernon ............ 21,288 30,919 42,726 
N aw Rochelle ............. 14,7ll0 28,!167 38,213 
New York ................. 3,437,202 4,766,883 5,621,161 

Manhattan Borough ..... 1,850,093 2,831,542 2,284,108 
Bronx Borough, ... , ... , . 200,507 480,980 732,016 
BrOQklyn Borough ....... 1,166,582 1,634,351 2,02'J,262 iueen& Borough ......... 152,999 284,041 466,811 

iehmond Borough ...... 67,021 85,969 115,959 
Newbu•!!ffi· ................ 24,943 27,805 80,366 
Niogara a.lls .............. 19,41l7 30,441l 50,760 
Pou~hkeepsie .. ,., ......... 24,029 27,936 35,000 
Roc ester ................. 162,608 218,149 295,750 
Rome ..................... 15,243 20,497 26,341 
Seheneotady ............... 31,682 72,826 88,723 
Syracuse .................. 108,374 137,249 171,717 
Troy ...................... 60,651 76,813 72,013 
Utica ................. ·• .. 56,383 74,419 94,156 
Wa.tertown .... , .. 21,696 26,730 31,285 
Yonkers ........... :::::::: 47,931 79,803 100,226 

North Carolina 
Ashville ................... 14,694 18,762 28,504 
Charlotte ................. 18,091 34,014 46,888 
Wilmington . .............. 20,976 25,748 83,372 
WinBton..Sa.lem ............ 13,650 22,700 48,395 

Ohio 
Akron ..................... 42,728 69,067 208,435 
Canton .................... 80,667 50,217 87,091 
Cincinnati . .... 826,902 363,591 401,247 
Cleveland ....... :::::::::: 381,768 500,663 796,886 
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TABLE 26 
POPULATION OF UNITED STATES CITIES HAVING, IN 

1920, 16,000 INHABITANTS OR MORE- (Contin...d) 

Ohio- (Continued) 
Columbus ................ . 
Dayton .................. . 
E88t Cleveland ........... . 
Hamilton ............. . 
Lakewood ................ . 
Lima ..................... . 
:Lorain ................... . 
Mansfield ................ . 
Marion ......... , ......... . 
Newark ....... , ...... , .. . 
Portsmouth ..... , .... , .. 
Springfield ............... . 
Steubenville .............. . 
Toledo .................. . 
Warren .............. , .... . 
Youngstown ......... , .. 
Zanesville. , . . . . . . . , , , . 

Oklahoma 
Muakogee ................ . 
Oklahoma City ......... . 
Tulsa. .................... . 

Oregon 
Portland ................ . 

Pen.-Mylvania 
Allentown ............... . 
Altoona .................. . 
Bethlehem .............. . 
Chester ................ . 
Easton ................ . 
Erie... . .......... . 
Harrisburg. . . . ....... , .. 
Hazleton .............. . 
Johnstown ...... , ..... ,.,. 
Lanea.ster ............... __ 
lfclreesport .............. . 
N ewca.stle ............ , , . 
Norristown (borough) .... . 
Philadelphia. . .......... . 
Pittsburgh ............... . 

11100. 

(2) 

125,560 
85,333 
2,757 

23,914 
31355 

21,723 
16,028 
17,640 
11,862 
18,157 
17,870 
38,253 
14,349 

131,822 
8,529 

«,885 
23,538 

4,254 
10,037 
1,390 

90,426 

35,416 
38,973 
10,758 
33,988 
25,238 
52,733 
50,167 
14,230 
35,936 
41,459 
34,227 
28,339 
22,265 

1,293,697 
451,512 

1910. 

181,511 
116,577 

9,179 
35,279 
1.5,181 
30,508 
28,883 
20,768 
18,232 
25,404 
23,481 
46,921 
22;391 

168,497 
11,081 
711,066 
28,026 

25,278 
64,205 
18,182 

207,214 

51,913 
.52,127 
12,837 
38,537 
28,523 
66,525 
64,186 
25,452 
55.482 
47;227 
42,694 
36,280 
'$1,875 

1,.549,008 
533,005 

(t) 

237,081 
152,559 
27,292 
39,675 
41,732 
41,306 
3'7,295 
27,824 
'$1,891 
26,7!8 
33,011 
60,840 
26,008 

243,109 
27,050 

132,358 
29,569 

30,277 
91,258 
72,075 

258,288 

73,502 
60,331 
50,358 
58,030 
33,813 
93,372 
75,917 
32,277 
67,327 
58,150 
45,975 
44,988 
32,319 

1,823,158 
588,193 
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TABLE 26 
I:IOPtfLATION OF tlmTED STATES CITIES HAVING, IN 

11120, 2&1000 INHABITANTS OR MORE- (Continued) 

(1) 

Pennsylvania- (Continued) 
Reading" ...... , .. "", ... 
Scranton ........... , ..... . 
Shenandoah (borough) .... . 
WHkes·Barre ... , ......... . 
Williamsport .. ,, ... , ..... . 
York .................... . 

Rhode Island 
Cranston .............. , .. . 
Newport ................. . 
Pawtucket . .............. . 
Providence . .............. . 
Warwick (town) ....... , .. . 
West Wa-rwick ...... , ..... . 
Woonsocket .............. . 

Sr;uth Caroli'fUJ 
Charleston ............ , .. . 
Columbia ................ . 

South Dakow 
Sioux Falls ........ ,, ... , .. 

Tennesae8 
Chattanooga . . , .... , .. , .. 
Knoxville . ............... . 
Memphis ................ . 
Nashville ................ . 

'l'e:raa 
Au.stin,, .... ....... , ... , .. 
Beaumont ...... , . , , .. , , . 
Dallas .................... . 
El Paso .................. . 
Fort Worth ............... . 
Galveston .. , .. ,, ... , ..... . 
Houston ....... ........... . 
San Antonio . .. , .... , ..... . 
\Vaco ..................... . 
Wichita Fall• ............ . 

uw. 
Ogden ................ . 
Sa.lt Lake City ........... . 

Virginia 
Lynchburg ............. . 

1\100. 

(2) 

78,961 
102,026 
20,321 
51,721 
28,757 
33,708 

13,343 
22,441 
39,231 

175,597 
21,316 

28,204 
55,807 
21,108 

10,266 

30,154 
32,637 

102,320 
80,865 

22,258 
9,427 

42,638 
15,906 
26,688 
37,789 
44,633 
53,321 
20,686 
2,480 

16,313 
53,531 

18,891 

UllO, 

(3) 

96,071 
129,867 
25,774 
67,105 
31,860 
44,760 

21,707 
27,1411 
51,622 

224,326 
26,629 

'38,i25 
58,833 
26,319 

14,094 

44,604 
36,346 

131,105 
110,364 

29,860 
20,640 
92,104 
39,279 
73,312 
36,981 
78,800 
96,614 
26,425 
8,200 

25,580 
92,777 

29,4114 

1920. 

(4) 

107,784 
137,783 

¥U~ 
36,198 
47,512 

29,407 
30,255 
64,248 

237,595 
13,481 
15,461 
43,496 

67,957 
37,524 

25,176 

57,895 
77,818 

162,361 
118,342 

34,876 
40,422 

158,976 
77,643 

106,482 
44,255 

138,076 
161,3711 
38,500 
40,079 

32,804 
118,110 

29,956 
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TABLE 26 
POPULATION OF UNITED STATES CITIES HAVING, IN 

1920, 2G,OOO INHABITANTS OR MORE- (Concluded) 

1900. 1910. 1920. 

(ll (2) (3\ (4) 

Vi;renia- ~ontinued) 
ewport ews .•.......... 19,635 20,205 85,500 

Norfolk ................... 46,624 67,4.52 115,777 
Petersbur~··············· 21,810 24,127 31,002 
Portamout ...... ,,,,,,,., 17,427 33,190 54,387 
Richmond ................. 85,050 127,628 171,667 
Roanoke .. ,,, ............. 21,495 34,874 50,842 

Washington 
Bellingham ...........•.... !l,062 24,298 25,570 
Everett •.................. 7,838 24,814 27,644 
Seattle ................... 80,671 237,194 315,652 
~Jmne ............•..... 36,848· 104,4.02 104,437 

acoma .................. 37,714 83,743 96,965 
West Virginia 

Charleston ................ 11,099 221996 89,608 
Clarksburg ................ 4,050 9,201 27,869 
Huntington ............... 11,923 31,161 50,177 
Wheeling ......•.......... 38,878 41,641 54,322 

Wisconsin 
Green Bay ................ 18,C84 25,236 31,017 
Kenosha .• , , ........ , , , . , , 11,606 21,371 40,472 
La Crosse ..... , ......... ,. 28,895 30,417 30,363 
Madison ...... , ...... , .... 19,164 25,531 38,378 
Milwaukee ......•......... 285,315 373,857 457,147, 
Oshkosh ................... 28,284 33,062 33,1621 
Racine ....•.•...•......... 29,102 38,002 68,593 
Sheboygan ..•........•.... 22,962 26,398 30,855 
Superior ..... ·, ........... , , 31,091 40,384 39,624 
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Metropolitan districts. - For some purposes the popula
tion of a city plus its adjacent suburbs of more importance 
than that of the city itself. During recent years the growth 
of the suburbs has often been much greater than that of the 
city itself. This subject, is discussed in U. S. Census, 1920, 
Vol. I, p. 62. 

In 1920, New York City had a population of 5,620,048, 
the adjacent territory, 2,290,367, or 41 per cent of the city's 
population. During the last decade the city increased 17.9 
per cent and the adjacent territory 27.2 per cent. 

In Boston, 1920, the city's population was 748,060, that 
of the adjacent territory, 1,024,194, or 137 per cent of the 
city's population. 

Classification of population. - One of the greatest mis
takes which health officers make is failure to take into 
account the make-up of the population. Two places cannot 
be lltirly compared as to death-rate or birth-rate, unless 
the composition of the population in the places is substan
tially the same. This point will be emphasized again in 
Chapter VIII. 

In many demographic studies it is necessary to take into 
account age, sex, and nationality as primary f!lctors; and at 
times also such matters as marital condition, school attend
ance, illitenwy, ownership of homes, occupation, and so on. 

It will not be possible in this volume to go into all of these 
classifications. They should be carefully studied, however, 
from the census reports themselves. Every health officer 
should know the composition of the people in the city or 
district under his jurisdiction. 

Color or race, nativity and parentage. - The racial 
composition of the United States has changed materially in 
fifty years. This is well illustrated by Fig. 36. In 1850 
about three-quarters of the peopJ.e were native whites, now 
only about one-half. There are great differences in different 
cities and states. 
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TABLE 

POPULATION OF CITIES BAVING, lN 1p2o, 

POPU-

CITY 
1920 1910 1000 1890 1880 

------- ---
New York, N. Y.1 ••• ,, ••• , , 6,620,()48 4,766,833 3,437,202: 2,607,414 1.911,698 
Manhattan borough.,,., ... 2,284,103 2,331,542 1,8S0,003 1,4:41,216 1,164,.673 
Brom borouglL .....•....•• 732,010 400,111l0 m<l,IS<l? 88,008 A!,llllO 
Brooklyn borouch ......... 2,018,866 1,634,351 1,166,682 838,547 .599,49.5 
~orouah ...... , ..... 4139,042 284,041 152,999 87,050 /J6,1i59 ·-........ ll6,5al 88,961) 67,031 51,68$ 38,991 

Ohieag0, IlL ................ 2,701,70h 2,1815,283 1,698,675 l,OOO,MO 603,185 
Philadel~, Pa ....... , .... 1,823,779 1,649,008 1,293,697 1,066,964 847,170 
Detn;.it, . h •...•..•••..... 003,678 4(16,768 2&1,70< 206,876 tt6,.M0 
Cle-nd)\'hio ............ 700,841 36o,Gii3 381,768 261,363 160,146 
St. Loul11, o ......... , ...... 772,897 687,029 57S,288 461,770 36Q,a18 

Boston, Mass. t .• , •••.• , , ••. 748,000 670-585 500,892 448,477 362,839 
Baltimore, Md ... , ...... , .... 733,826 a5S,485 1!08,91:17 484,439 332;31~ 
Pittabur:f:.; P11..• ....• ,, •.•••. 588,343 633 .... 4&1,612 343,904 23>.071 
1M AnP , CeiU .. •••.•.•.. 576,873 319,198 tO:M79 li0,3\l6 U,183 
Bulf:!!Jo, N.Y .. ,.,, .... " .. , ti06,775 423,715 352,387 265,604 Ja5,134 

.......... , Ca61 ......... 606,6'16 '-'16,912 342,182 298,997 ......... 
Milwaukee, m. " ..... , , ... , 46'7,UT 3'73,851 285,315 204,468 11&,587 
Wa.ahington, D. 0.6 •• , •••••• 437,1171 331,069 278,718 230,392 177,624 
Newark, N. i ................ 414,524 367,469 246,010 181,830 138.li08 
Cincinnati, Ohio ............ 401,24'1 363,591 325,902 ""·"" 254,139 

New Orlee.ne, ~ .•. , , .... 387,219 339,075 287,104 242,039 216,000 
~IU.,H .......... 380,1182 301,408 202,718 184,'138 ... 8117 
KaiUII.ISCity, Mo •........ · ... 324,410 24,8,381 163,7S2 132,716 36,785 
Seattle, Wash ......... , . , .... 315,812 237,194 80,671 42,837 3,633 
India.na.polis, I.ud •••••.••••.. 314,1M 238,660 169,164 105,436 15.oo& 

J'eraeyClty, N.J' ......... 298,!03 267,779 206,483 163,008 120,722: 
Rooli.e.Bter, N. Y,. ........... 295,750 218,149 162,608 133,896 89,366 

~Co~.·.·.·.:::::::::: 258,288 207',214 9(1,476 ...... 17,677 
256,t!l1 213,381 133,859 106,713 35,629 

Toledo, Ohio .... , ........... 243,164 168,497 131,822 81,434 50,137 

PJIO'Videdo&, R. I. , .••. , •.••. :l37,5ll6 """"" 175,59'1' 132,146 104.,851 
Columbu11, Ohio ....... , .... , 237,031 18t,.m 125,660 88,150 51,647 
Loull!\rillei.l\:y ............... 234,891 223,92S 204,731 161,129 123.158 
St. Paul, inn. .............. 234,698 .21f,7ff J63,061S 133,156 41.473 
Oakland, Cltlir .. , .. , ........ 216,2tH 150,174 66,960 48.682 34,&55 

Akroli, Obi() ..•.••...•...•.. ........ 69,06'/ 42,728 i7,801 16,512 
Atlanta, Ga ................. 200,$16 UK,839 89,872 65,533 auoo 
Omahu, Nebr.• ..... , ..... , .. 191,601 124,096 102,55.5 14Q,4o52 80,&18 
Worcei!tor, MIUlll., .....• , .... 179,7.54 145,981). 118,421 8<,66> 118,291 
Bkmingbam. Ale •.......•... 178,806 133,1185 38.415 26,178 ..... 
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Z1 

••o,ooo INliABITA.NTS OR MORE, •790-I9lJO 

LATION 

1870 18.10 1840 1830 18.'10 1810 

1·=:~~ 1,174,779 696,115 391,114 242,278 162,tm6 119,734 
818,669 616,647 312,710 202,689 123,706 116,373 

J~:m 23, ... 8,002 , .... 8,023 .8,782 2.267 
2'111,122 138,882 f7,613 30,535 11,187 8,303 

46,f68 8,'1,,. 18,593 111,480 f),Of9 s .... 7,444 
88,029 26,4.92 15,061 10,965 7.082 6.136 M<l 

=:~ 
........ 29,003 
566,529 121,376 

79,677 45,0'19 2'1,(UD 
92,829 43.417 17,034 

310,864 160,773 77,860 

21i0,526 171,840 
267,854 212,418 
189,266 77,923 

6 728 4,385 
:t17:7tt 81,129 

ll6,802 
45,246 
61,1.2.2 
71,9U 

UII,ot4 

1800 

79,216 
60,615 
1,745 
5,'140 
6,642 
4,514 

171B 

1700 

49,-l()J 
33,131 
1,18J. 
4,4116 
!J,1&0 
3,8&1 

.. "." 

1 
2 
3 

' & 
6 

1 
8 • 10 

11 

II .. 
14 
u; 
18 

22 
23 .. .. .. 
27 
28 .. 
3(1 
31 

3il 
33 
34 
35 

" 37 
38 
39 

" .. 
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TABLE 

POPULATION OF CITIES HAVING, IN tg>o, 

I'OPU• 

CITY 
!920 ll.IUJ 1000 1800 1880 

- ------1·------1--+--
42 Syracuse, :N. Y. , ..... , ..... . 
~ IUeb.zootW, v~ .............. . 1t New Haven, Conn., . , ..... . 
- Motnphis, Tenn ........ ,.,, .. . 
46 Elah Antonio, Tex. , ......... . 

47 t>.l!ft.!J, TEll: •..••.•• , ••••••••• 
.f8 Da.vton, Ohio., •... , ...... .. 
49 :Bri(tgepors_ Conn •... ,, .• ,,., 
BO Houston, J:u ............... . 
fit H8Etfurd, Conn. ..•.••••.... 

·/i2 Scru.llt.on, l?a. ••.•• , ........ . 
53 Gmnd RN>ida, Mich ........ . 
54 Paterson, N.J .............. . 
65 Ytlungato.-ca, Ohitt ......... . 
56 Spri~~gfield, M~., , . , . , , , , , , 

67 DOIII Moi.M&, Iowa., ...... , .. 
56 New Bedtorp..! Muss,., ...•. , . 
59 Fall Rivet!. M.fl.llS ..... , .•••• · · 
00 Trenton, N . .r ..... , .•.. ,., ... 
61 Nu.thvillt, Tl!ln.n •. ,., ••.• , .•• 

62 

" 61 
611 

Salt Lake City, trta.h •.••.•.. 
Camden, N.1 .............. . 
Nor!olk, Va.. •.•••....•...... 
Alba.uy,N. Y .......... , .. 

d6 · Lowell, .lUua. .............. . 
67 Wilm~. Del ........... . !! {Jp)bndat>, MMe ........... . 
- Road! ... 'h ....... . " " " .. . 

1'1 ,. 
?3 

Fori, Wort]!, Th<.. .. • • .•.•.. 
SI)ok1!.ne. vvltl.!h •. , ......•.•.. 
K~n~ Ctty, Ka,p.g,, ..• , ... . 
Yonkel'tl, N. Y .............. . 

171,717 
!71,687 
162,537 
162,361 
161,379 

158,976 
152,M9 
!<3,666 
138,216 
138, ... 

13-7,783 
137.634 
130,8711 
132,358 
129,1,H4 

126,468 
121,217 
120,48& 
119.289 
118,342 

118.,110 
116,300 
116,777 
113,344 

t12,'l:S9 
110,168 

~~:~ 
106,482 
104,437 
101,177 
100.176 

137,249 
127,628 
133,605 
181,106 
96,61i 

Ill!, tO! 
116,.&7'7 
IOMM 

78,1l<JQ 
98,915 

129,867 
112.1l71 
121$,600 
79,008 
88,026 

8&~68 

ttJ~ 
00,81.5 

110'* 

92,'717 
1K,538 
67,462 

100,2ts3 

108,374 
85,0JliJ 

108,027 
!02.32<1 
.13,321 

.. 2',63$ 
8&,833 

~:~~ 
7tl,850 

102,026 
87,665 

104,171 
44,866 
62,069 

62,139 
62,442 

104,863 

"'·"" 80,!!65 

IS3,531 
75,tl35 
46,624 
94:,1:11 

~~ 
81.293 
64,496 
37,673 

38,(167 
62.220 
48,866 
27,3117 
liUlO 

75,215 
60,278 
78,M7 
83,220 
44,179 

"'·""' 4<1,783 
74,398 
67,j58 
76,168 

44,843 
58,313 
34.871 
Qt,923 

.51,792 
63,600 

, e2,882 
33,592 
20,650 

10,858 
38,678 
27,643 
16,513 
42,0U 

..... 8110 I 32,016 
61,031 
15,435 I 
33,340 

22,408 
26,815 
48,961 

'29,911 .. .., 
20,: 

" " r .. 
106,294. 94,969 71,696 
8'7,4.11 16,.508 61,431 ' 

UU-,830 91,88& 70 028 ~ 
96,071 78.961 68:461 ..,n I 
7$,.312 26,688 23,076 m•lf2J!&3~ , " 

82,331 51,418 38,3' tM,.s--'---
79 sua 47.93t n 

104,4021 36,848 ]9,9r ....... ...,..,., 

' · 51 •.&titut«l. -l---------.1---...l----L--....J'--, 123. 
4'population; 1910, 

1 Population shown i!l for New York und its boroughs as now con 3park nat return~ 
.t lJyde l'lvk town o.nnexOO to Boeton city si.noo uno. Combined 

1890, 106,287 1880, 
...o, 2,801. AUeaheny 

M8,092; 1900, 514.1.36; 1800, 468,670; 1880, 369,92'7; 1870,254,662. Hyde_ci 
Sll*tately nt oorlier comrusoo. i52 

.• Inoludts popul$tion of Allegheny, u ful!om: 1000, 129,896; :6115 
'18.68Z; 1870. S3.18(l; 1800, 28,m2; lstlO, 21,262; 1840, lO,osD; and 18?'•178 '$60 tor Sa.u ~ 
not Murned separut.el.\.• a~ ee.rlier ~. 

' POf)ula.tlon at1 l'8pOtted by ttate (leti.SU! ot 1852; tttutDB lot l 
were d•royed by fUe. 
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(Continued) 
INHABITANTS, OR MORE I79o-Ig•o 

1860 

9,2.28 
8,0811 

19,586 
2,7~ 

11),199 

S,llM 
22,300 
14,028 
17,228 
16,988 

8,286 •• 
1!,368 
14.620 
6.2,367 

8M27 
.21.268 

ra:m 

1860 

9;419 
14,326 
50,763 

33,383 
13,&79 
15,215 
1.5,743 

1840 1830 1820 1810 

171» 

1800 1790 
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1910 "" 

Fm. 36.-Racial Composition of Population of the United !latea. 
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According to the U. 8. Bureau of the Census the popu.la
.tion is divide<:! into six classes: (1) white, (2) negro, (3) 

'Indian, (4) Chinese, (5) Japanese and (6) "all others." 
The white population is subdivided into: 

a. Native, native parentage, having both parents born 
in the United States. 

b. Native, foreign parentage, having both parents born 
in foreign countries. 

t:. Native, mixed parentage, having one native parent 
and the other foreign born. 

d. Foreign born. 

It is ofter. desirable to subdivide the foreign born accord
ing to the country from which they came. This is true also 
of the parents. The composition of the population has 
an important influence on birth-rates, sickness-rates and 
death-rates, hence it is a subject which should be carefully 
studied by every health officer. It is too complicated to be 
disciiS8ed in detail in an elementary book. 

Sex distribution. - There are two ways in which the 
sexes are compared, -one is to compute the percentage 
which the number of each sex is of the total population, the 
other is to compute the ratio of males to ku;-•les. Thus, we 
have the following figures for 1920: 
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TABLE 28 
COM.PAIUSOJII OF SBXI!S Il'l TBB UJIIITI!I) STATES -

Per cent. 

Unl!MSta"" 
Male$ to 

100 femalee, 
Male. Female. 

(1) (2) 13) (4) 

Total population .. · ... _ ............... 51.0 49.0 104.0 
Native white, native parentage . ...... 50.7 49.3 103.0 
Native white, mixed parentage ..... .. 49.3 50.7 97.7 
Native white, foreign parentage . .... 49.8 50.2 99.1 
Foreign born white. ........... . . . . " . 54.8 45.2 121.7 

In most parts of the country males are in excess, and gen. 
erally speaking the ratio of males to females increases from 
east to west. In only a few states go we find females in 
excess. One of these is Massachusetts, where in 1920 the 
ratio wa.s only 96.3. In Nevada, on the other hand, the 
ratio was 148.5, not very far from two men to one woman. 

Sex distribution ought to be studied in connection with 
age distribution. 

Dwellings and families. - A knowledge of the number of 
persons in a dwelling or a family is of sociological interest, 
and it msy be of practical use in estimating the population 
of an area the boundaries of which are not coincident with 
any civil division. Here we come again to the difficulty of 
definition. What is a dwelling? What is a family? A 
dwelling-house is considered to be " a place where one or 
more persons regularly sleep." An apartment house, 
although the abiding place of many families, constitutes 
but one " dwelling." A family is " a household or group of 
persons who live together, usually sharing the same table." 
This includes both private families, consisting of persollll 
related by blood, and economic families. 
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The ideal family has been said to comrist of a father and 
mother and three children with an oclllll!ional grandfather or 
grandmother, aunt or uncle. In the United States in 1920 
the average number of persons to a family was only 4.3, -
apparently much smaller than the ideal. The average 
number of persons to a dwelling WIIS 5.1. Figures for differ
ent parts of the country are given in Table 29. 

For housing problems it is not enough to know that the 
average number of persons per dwelling is 5-!- This extra 
t~mth of a person is difficult to place. We need to know 
how many dwellings contain one person, how many two 
persons, and how many three, four, five, six, and so on. 
It is difficult to secure these data. 

1'ABLE 2ll 
SIZE OF FAMILIES AND HOUSEHOLDS, 1920 

Plaoo. P<:ll'$QnJ per Persons per Familia. per 
dw.,lling, family, dwelliJ:ll. 

(1) (2) (3) (4l 

tTnited States ..... . . . ' . . ' ' " 5.1 4.3 1.21 
Urban• .• , , .......... , ..... 5.9 4.5 1.31 
Jl.u:r&J• ... ''' ... '' """''' 4.7 4.6 1.02 
New England .............. 5.9 4.4 1.34 
Urba.n* ... ................. 6.5 4.6 1.41 

*Rural• .................... 4.2 4.0 1.05 
15.3 4.4 3.48 

~ 
' ' 

ew York Cit~{ ............ 
; Borough of anhattan .... 

i ton ..... ,,, ..... =,M ....... ::::::: 
es, CaL .... : ....... 

, Wash .............. 

30.3 4.4 6.98 
9.4 4.5 2.09 
7.1 4.2 1.69 
4.6 3.6 1.28 
4.7 3.8 1.28 

' • Census of 1010 • 

• The shortage of houses since the war is seen in the facts 
in 1920 in the United States there were 1.21 families 

d~elling while in 1910 there were only 1.15 families per 
mg. 
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Age distribution.- We now come to what is a most 
important division of the population, namely separation into 
age-groups. In connection with a study of d~.ath-rates and 
causes of death a knowledge of age distribution is funda
mental. As a factor in vital statistics it is more important 
than sex or nationality or p11rentage or occupation or any 
other particular characteristic. 

In taking a census it is impossible to find the exact age of 
every person ip a community, and even if this could be done 
it would be impracticable to arrange the people in groups, 
varying by short intervals of time. Infants and young 
children may be grouped by their age in weeks or months, 
but older persons are seldom divided into groups for which 
the time interval is less than one year. Five-year and ten
year groups are even more commonly UJ!ed. In this chap
ter we shall not consider smaller subdivisions than one year. 
The ages of infants will be taken up in the chapter which 
treats of infant mortality. 

Census meaning of age. - If we wish to state a person's 
age in years, using a whole number, we may do so in one of 
two ways; we may give the age as that of the last birthday or 
as that of the nearest birthday. The difference is by no 
means insignificant in the case of children, for the difference 
of half a year would represent a large percentage of the age. 
In some parts of the world the next birthday is often stated 
as the age, an infant being regarded as one year of age even 
though he had been born only an hour. In the Orient age 
has to do also with the calendar year in which the child 
was born. A child born in November might in December 
be called a year old, but after January first might be called 
two years. These curious customs ought to be known by 
thoee enumerating the ages of persons in the foreign quarters 
of our cities and justify the cheek question asked by census 
enllllleratorsl namely, the date of birth. 
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-, The last birthday method was used in the United States cen
'$mof 1920, 1910, 1900 and 1880; it is the method used in Eng· 
c)and. In 1890, however, the nearest birthday was used. The 
· effect of the definition of age on the age--grouping will be a.p
. Jl"l'ent from Fig.37. The noorest birthday method creates 
' Grouping b;v last B1rthd&J& 

O+ I+ 2+ S+ 4+ 

0 1 I 8 I 
Grouping by nearest Birthdays 

Fm. 37.-Age-Grouping by Years. 

confusion in the ages of infants and children one year old. 
If infants include children up to the age of one year, then 
the " one-year " group must be limited to hali a year or else 
there is confusion of those between six months and one 
year. The discrepancies in the 1890 figures are plainly 
shown by the following table which gives the percent. 
age distribution of the population under five years of age. 

TABLE30 
PER CENT DISTlUBUTION OF POPULATION UNDEJ!. 

6 YEARS OF AGE 

"Nrn.rrmt .. lAIJt birtW.y." birt.hm.y." 
Age in years. _ ... _._ .. _ -

18\10. 1880. I<JOO llllO. 1920. 

··--~ --
(I) (2) (3) (4) (S) (6) 

Per cent. Per e&t. jP~tt oeut. Patoent. POl' otnt. 

Under 1 year 20.5 20.9 20.9 20.9 19.5 
1+ 14.1 18.2 19.3 18.6 .... 
2+ 22.7 20.6 20.0 20.4 .... 
3+ 21.4 20.0 19.9 20.3 .... 
4+ 21.3 20.3 20.0 19.9 .... 

-·-·· 
Total under 5 years 100.0 100.0 100.0 100.0 100.0 
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The small number in the one-year group and the large 
number in the two-year group in 1890 should be noticed. 

Errors In ages of children, - The above table shows that 
even by the last-birthday method the age distribution of 
children in· one-year groups was unsatisfactory. Normally 
there are more children under one year of age than between 
one and two years, more between one and two than be
tween two and three and more between three and four than 
between four and five. Yet in 1910 the one-year group 
contained fewer than the two-year group, and in 1900 the 3+ 
year group contained fewer than the 4+ year group. 

These disc.repancies are due to errors. They are greatest 
in populations where there is much illiteracy and where no 
attempt is made to check the age returns by asking the date 
of birth. Thus we may compare the data for Germany 
(1900) and the negro population of the United States (1910). 

TABLE 31 

PERCENTAGE DISTRIB'OTION OF POPULATION 
UNDER 6 YEARS 

(I) 

O+ 
t+ 
2+ 
3+ 
4+ 

Under5 

Germn.ny, 

(2) 

20.6 
20.3 
20.2 
19.5 
19.3 

100.0 

United Statee 
(Negro population.) 

(3) 

20.0 
17.4 
20.6 
20.9 
21.1 

100.0 

Errors due to use of round numbers. - An important 
source of error in age statistics is that of mixing round 
numbers with more accurate figures. In replying to the 
enumerator's questions concerning age most persons will 
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state their age accurately, but some will give the nearest 
round number. An ignorant or ®reless person who may be 
39 or 41 years old may give his age as 40, a figure which in 
,his mind is near enough. This habit is encouraged by llak-

. 

n ... 

I\, tlnn~ IT~ 
LIU 

1Jtn ··--¥· 

AGE DISTRIBUfiON M IN 
MASSACHUSETTS 

FROM 1POS STATE CENSUS U[ 
VOLUME 1. POPULATION 

lrJL.s! AND SOCIA!.. STATISTICS, P . sss 

io 

I~ 
0 w ~ oo ID ro oo 10 

Are in Yeal'B 
FIG. 88.- Age Distribution In Maesachuset.ts. 

· ing for the" nearest birthday "as was done in 1890. In most 
censuses there are enough instances of this sort to produce 
noticeable concentrations around the ages ending in 0 or 5. 

, This is well illustrated by Fig. 38, which shows the popula
tion of Massachusetts males in 1905 distributed by groups. 
This error of round numbers is by no means confined to the 

8 
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subjoot of age. It is met with in all sorts of statistical work. 
Dates are often stated as " the first of the month," or the 
tenth or the fifteenth. These, mixed with more accurato 
statements, may produce abnonnal concentrations. Methods 
of adjusting data troubled with these concentrations on the 
round numbers are used by statisticians and may be found 
in technical books on statistics. 

The U. S. Census Bureau in studying the error due to the 
abnormal use of round numbers has made use of a measure 
termed the "Index of Concentration." This was taken to 
be the '' per cent which the number reported as multiples of 
5 forms of one-fifth of the total number between ages 23 to 
62 years, inclusive." Thus in the U. S. in 1910 there were 
43 million persons aged 23 to 62 years. One-fifth of these 
would be 8.6 million. The total number of persons aged 
23 to 62 whose age was reported as a multiple of 5 was 10.3 
million. Hence the index of concentration was 10.3 + 8.6 
~ 1.20, or an index of 120. 

TABI,E 32 

ERRORS OF REPORTING AGE 

Country. 

(1) 

Bel~ium .......................... . 
England and Wales ............... . 
Sweden ........................... . 
German Empire ................... . 
France ........................... . 
C..nad& ........................... . 
Hun~ary ........................ .. 
Russum Empire ......... .......... . 
Bulgaria .......................... . 

Date. 

(2) 

1900 
1901 
1900 
1900 
1901 
1881 
1900 
1897 
1905 

(3) 

100 
100 
101 
102 
106 
110 
133 
182 
246 

It was found ths.t the index of concentration increased 
directly with the ignorance and illiteracy. For the native 



AGE GROUPS 181 

!jhite persons it was 112; for foreign born whites, 129; 
,~colored persons, 153. It is interesting to compare these 
jlgures for those of certain other countries . 
. Other sources of error. - Besides ignorance as to age 

"there are other sources of error. One of these is deliberate 
'OlldeMI!timate of age, most conspicuous among middle-aged 
women. Another is over-estimate, most conspicuous among 
the aged. The latter is of relatively little weight, but the 
former tends to overload the early ages of adult life. 

Age groups. - The primary tabulations of the census 
give the ages of the people by single years. For practical 
JiBe and for application to particular localities it is necessary 
tO combine them into groups of five, ten, or twenty years, or 
other groups suitable to particular needs. There appears 
to be no recognized standard of age grouping, and perhaps 
this is not desirable as there are many different uses to which 

: the figures are put. 
· . The U. S. Census states the boundaries of the groups in 
inclusive nwnbers, such as G-4; 5-9; lQ.-14; etc., and not 
in round numbers, as Q.-5; 5-10; HH5. With the original 
·lige records given in years it is undoubtedly the most exact 
method. 

A condensed grouping used in the 1920 census was the 
lollowing: 

Under 6 Years 
(Under I Year) 

5-9 
IQ-14 
15--19 
20--24 
2H4 
35-44 
45and over 
Age unknown 
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Sometimes there are one-year groups from ages one to 
five, 5-year groups from ages five to twenty-five, 10-year 
groups from twenty-five to forty-five, and above that 
twenty-year groups. 

The International Congress which met in Paris in October, 
1920, 'proposed the following age grouping with the two sexes 
listed separately: 

Fl:om 0 to l year 
From l to 19 years 
Fl:om 20 to 39 years 
From 40 to 59 Y"""' 
From60to 

and suggested that where possible the seoond group should 
he subdivided thus: 

From 1 to 4 years 
From 5 to 14 Y"""' 
From l5 to 19 years 

The advisability of using the same age-grouping for popula
tion records as for records of deaths and sickness was strongly 
emphasized. 

Persons of unlmown age. - One of the puzzling things 
about age distribution is to know how to treat the " age 
unknown." Usually this number is not large, but in par
ticular cases it may be. In 1920 only 0.14 per cent of the 
people of the United States were included in this group, in 
1910, 0.18 per cent, and in 1900, 0.26 per cent. 

One way is to place them in a group by themselves, letting 
the size of the group stand as a sort of test of the aceurncy 
of the investigation. On the whole this is probably the best 
thing to do. 

Another way would be to distribute the unknowns pro 
rata through the other groups. But there is really no justi· 
fication for doing so, because the persons of unknown 11ge 
may he eonfined to certain seleeted ages, a.s the very old. 
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Redistribution of population. ~ If the ages of the people 
are tabulated by years it is of course easy to combine them 
into any desired age-groups; but if the data are tabulated 
according to one age-grouping and it is desired to ascertain 
the numbers in other age-groups the problem is more diffi
cult. Approximate result.~ only ()lin be expscted and these 
CliU be obtained by graphical methods or by computation. 

For this purpose the summation diagram is most con-. 
venient. 

In 1910 the population of Cambridge was as follows: 

TABLE 33 

l'OPVLATION OF CAMBRIDGE, MASS., BY AGE-GROUPS 

--· - -
l?ert10ns ltvm than stated aa:e. 

j.pgroup. Number. Age. 

Nmnber. Per cent. 

--
(!) (2) (3) (4) (5) 

-----
o-t 2,323 1 2,323 2.3 
1-4 8,479 5 10,802 . 10.4 
5-9 9,471 10 20,273 19.4 

1o-14 8,892 15 29,165 27.9 
lli-19 8,930 20 37,006 36.4 
2o-24 10,408 25 47,503 45.4 
2IM!4 19,175 35 66,678 64.6 
35-44 15,726 45 82,404 79.6 
41H14 16,732 66 99,136 95.6 
65-99 4,642 100 104,778 99.4 

Unknown 61 ...... 61 0.6 
"''''f,;[""""" """f64~8li9 ___ .. " .. ' 104,839 100.0 

The figures in column ( 4) are plotted in Fig. 39. J..et us 
suppose that we desire to obtain the number of persons in 
age-group 23-27 inclusive. The diagram shows that about 
43,500 were Jess than 23 years old and about 53,500 less than 

, ~ years old. The group, therefore, contains 53,500 -
:· 43,500, or 10,000. 
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Flo. 39. - Age Distribution of Population shown by SIIDllWition 
Curve, Cambridge, M .... : 1910. 

In making a complete redistribution of the population in 
new age-groups it is well to check the results by adding them 
together to see that they equal the total. The accuracy of 
the result will depend upon the scale used for plotting and 
the smoothness of the curve. 

We might compute the number of persons in age-group 
23-27 as follows: 
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10,408 X i "" 4163 
19,175 X~ - 5753 

9916 

This MI!Uilles a uniform age distribution within each age
group, which is not strictly correct. 

Redistribution of population for non-censal years. - In 
the case of non-censal years the method of redistribution of 
population is essentially the same as that just described but 
there are three steps to the process. 

The first step is to estimate the total population for the 
year in question by methods already described. 

The second step is to find the percentage distribution of 
the population as it was at the time of the nearest census. 
As a rule the percentage composition of a population by age. 
groups does not change rapidly from year to year. For an 
intercensal year it would be possible to find the percentage 

.distribution for both the preceding and following eeiJBUS 
· and by interpolation obtain more accurate percentages for 
'· the intereensal years. The use of the summation curve is 
; the most convenient method however. 
. .. The third etep is to multiply the estimated total popu
• la.tion by the percentages obtained in the second step. The 
4feature of this problem obviously lies in the second· step. 
~· .Let us try to find the age distribution of the population 

t
of Cambridge in the year 1906. In addition to the above 
figures for 1910 we lw.ve also from the census records the 
following fignres for 1900, plotted in Fig. 40. 
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TABLE 34 

ESTIMATES 01.1 POPULATION BY AGE-GROUPS I.IOR A 
NON-CENSAL YEAR: CAMBRIDGE, MASS. 

Persona lee& than lltated age, ......_.... Number. Age. 

Number. Per cent. 

(1) (2) (3) (4) (6) 

(}-1 2,123 1 2,123 2,3 
1-4 7,.119 5 9,642 10.5 
5-9 8,343 10 17,985 19.6 

1(}-14 7,331 15 25,316 27.5 
15-19 7,781 20 33,097 36.0 
2(}-24 10,588 25 43,685 47.5 
25-29 9,978 30 53,658 58.4 
30-34 8,157 35 61,815 67.3 
35-44 12,377 45 74,192 78.5 
45-!i4 8,561 55 82,753 90.0 
55-64 5,028 65 87,781 95.5 
65-99 3,652 100 91,433 99.4 

Unknown 453 ... " .. 453 . ......... 
Total 91,886 ....... 9!,886 . ......... 
The percentage distribution for 1900 and 1910 are both 

shown on Fig. 40. It will be noticed that the two curves 
coincide for the upper and lower ages, but not for the middle 
ages. For the year 1906 the percentages to be used would 
naturally lie somewhere between the two. 

Progreasive c:haracter of age distribution. - Among the 
causes of the variation of death-rates from yettr to year is the 
progressive change in age distribution. We often overlook 
this. We know that individuals grow old, but we forget that 
the 10 year old children of today will be 20 years old ten 
years hence, and 30 years old ten years later and so on. We 
are less wise than the motley fool who said: 

u It is ten o'clock~ 
'Tis but a.n hour ago since it was nine. 
And after one hour more 'twill be eleven; 
And so from hour to hour, we ripe nud ripe, 
And th.en1 from hour to hour1 we rot and rot; 
And thereby h•ngs "' taJe." 
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While the age distribution of a population does not change 
rapidly from ~ar to year yet it does change. This is strik· 
ingly shown by the statistics of Sweden from 1750 to 1900. 
During this interval there was but little emigration or immi· 
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Fla. 40. -Percentage Age Distribution of Population, Cambridge, 

Mass., ohowiug slight differen.,.. in ten y ..... ~. 

gration, but the birth-rate varied considerably. In Fig. 
40, the population data are plotted for five-year groups and 
for five-year intervals of time; consequently the persons who 
appeared in the D--4-group at one date would appear in the 

· 11-9-group five years later, except as IQIIllfill by d~!\th oocurred. 
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It is interesting to see how the influences which increase ot 
decrease the numbers of children produce results which fiow 
as waves throughout a long life-term. For example, the 
high birth-rate between 1820 and 1825, which cau.sed a. peak 

Fxo. 41.- A!!" Distribution of the People of Sweden by Fiv&
Year Groups: 1750-1900. 

in the· o-4-grcup in 1825, caused a peak in the 5-9-group in 
1830 and this could be traced for three-score years and ten. 
In the same way the trough in the 0-4 curve in 1810 can be 
followed for sixty yeftl'13. 

This same progressive change in a.ge distribution can be 
observed in Massachusetts in spite ·of the fact that the 
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: curves are confused by accessions due to im.tnigration. The 
peak in the G-4-group in 1860 can be followed for fifteen 
years, but after that inunigration appears to control. The 
imnligration peak seen in the 20-24-group in 1880 can like
wise be traced almost to 1910. 

This progressive change of age is very important, for with 
constant specific death-rates for each age it would auto
matically control the general death-rate. It ehows too that 
a loss of millions of young men in the present Great War will 
profoundly affect the age distribution of the nations of 
Europe for half a century to come. There is much food for 
reflection in thi.• study. 

· · Types of age distribution. ·- According to Sundbtirg one 
of the striking features of normal age distribution is the faet 
that about one-half of the population are between 15 and 50 
years of age. He distinguishes three types of age distribu
tion. The first is the Progresl>ive Type, the second the 
Stationary Type, aud the third, the Regressive Type. These 
are illustrated by the following typical groupings: 

TABLE 35 

TYPES OF POPULATION 

P.er (lent of population. 
Ale· groUp, 

yee.tll. 
~ve Stationary -~ ... type. type. typo. 

()) (2) (3) (4) 

()-.14 40 33 20 
15-49 50 50 50 
50- 10 17 30 

· lt will be noticed that in all cases, the proportion of middle
·, ~ed persons is the same, and that the classification depends 
•' 
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upon the proportion of persons under 15 years of age to 
those more than 50 years of age. 

To these cl!ISSes might he added two more, one in which 
a population has lost many of its middle-aged persons by 
emigration and one in which a population has gained by 
accessions of middle-aged persons. If the percentage of 
persons between 15 and 50 years of age is mueh less than 50 
it indicates that the place has lost by emigration and this may 
be termed the secessive type; while if the percentage of per. 
sons between 15 and 60 years of age is greater than 50 it may 
he termed the accessive triP•· 

The following are examples of age distribution on the 
basis of this e!Msification: 

TABLE 36 

TYPES 011' POPULATION BASED ON AGE-GROUPING 

Per cent of population. 

-
1)-14 15-49 SOC." years. years. an over. 

··-··---
(I) (2) (8) (<) 

--·---
Sweden (1751-1900) ......................... 33 50 17 
United States (1910) ..•........ , ............ 32 64 15 
Massachusetts ........ , ................ , .... ':1!1 57 16 
Minnesota ............................... 32 54 14 
New York State ................. , .......... 27 58 15 
Washington State ........................... 26 61 13 
Maine.,, ...................... ,, ....... , ... ':1!1 51 22 
Mass., native white of native parentage ...... 28 50 22 
Mass., native white of foreign or mixed par-

46 48 6 ent~···································· 
Mass.1 oreign-born white •. ; ........... , , .... 6 74 20 

It will he seen that Sweden has a normal stationary popu
lation, Massachusetts has an accessive population with 57 
per cent between 15 and 60 years. Washington is even more 
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accessive. Maine tends to be regressive, as it has an abnor
mally large number of persons over 50 years of age. This is 
also the case with the POPUlation of native-white parentage 
of Massachusetts. The native-white population of foreign 
or mixed parentage, however, is.deoidedly progressive. 

Ratio of deaths to births. - The usefulness of the per
centage ratio of deaths to births in the study of population 
movement has been pointed out by Dr. Raymond Pearl; 
Professor of Biometry and Vital Statistics in the Sehool of 
Hygiene and Public Health, Johns Hopkins University, who 
has given an interesting comparison between the United 
States, England, France, and the City of Vienna during 
the Great War. The figUres are as follows:-

TABLE 37 
NUMBER OF DEATHS PER too BIRTHS 

u. s. birth n!lfEis- E ...... 
France, 

y..,, (77 non.iuvaded Vienna. 
tmtioo area. and WaleB. 

depmtm~~mt9). 

-· 
1912 ······ 56 80 
1913 ..... .57 97 85 
1914 .... " 59 110 86 
1915 56 69 169 113 
1916 59 65 193 143 
1917 57 75 179 195 
1918 73' 92 198 229 
1919 58 73 " .... 162 

1 Effect ol intloonm epi.dernie. 

Standards of age distribution. - For purposes of com
putation and comparison it is often convenient to have some 
standard of age distribution which can be used as a basis of 
reference. Several have been suggested. 

A simple one was the actual population of Sweden in 1890. 

• Science, N. S. LI, p. 553; also LUI, p. 120. 
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This was suggested because the country was not much in
fluenced by emigration or immigration. This standard had 
only five groups. It was this: 

T.ABLE 38 

AGE DISTRIBUTION 01' SWEl>EN, 1890 

Age~group, Fer cent. 

(I) (2) 

0-l 2.55 
H9 39.80 

20-89 26.95 
40-59 19.23 
60- 11.46 

100.00 

The" Standard Million," namely the population of Eng
land and Wales in 1901, has been much nsed in adjusting 
birth-rates and death-rates. It is as follows: 

TABLE 39 

ENGLAND AND WALES STANt>AliD MILLION OF 1901 

Apo-group. Male.s, Females. Persons. 

-·- •... - ··-···~····-··-··--

(I) (2) (3) (4) 

0-4 57,089 57,223 114,262 
5-9 53,462 53,747 107,209 

10-14 51,370 51,355 102,735 
11H9 49,420 50,376 99,796 
:1»-24 45,273 50,673 95,946 
25-84 76,425 81>,154 161,579 
3&-44 59,394 63,455 122.849 
46-54. 42,924 46,298 89,222 
55--64 27,913 31,828 59,741 
65-74 14,691 18,389 33,080 
75- 5,632 7,949 13,581 

.. _ 
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G. H. Knibbs and C. H. Wickens,' statisticians of the 
(brnmonwealth of Australia have worked out in a very 
'elaborate way the probable normal age distribution of the 
people of Europe for the year 1900 or thereabouts. Eleven 
oountries are considered. The results were as follows: 

"''' -(1) -
·0 
1 
2 
a 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 

. 16 
17 
18 

TABLE 40 

PER CENT 011 POPULATION AT EACH AGE 

(Eleven Countries of Europe) 

p, Age. 
p, Age. p~ Age. l'er A ... ..... cent., oont. cent . 

-- ---~ ---- ------
(2) {1) (2) (l) (2) (11 (2) (I) 

-- ---- ---- ---- --
2.46 19 1.90 38 L25 57 0.67 76 
2.43 20 1.86 39 L21 58 0.64 77 
2.41 21 !.83 40 1.18 59 0.62 78 
2.38 22 !.80 41 U5 60 0.59 79 
2.35 23 L76 42 Lll 61 0.57 80 
2.33 24 L73 43 L08 62 0.54 81 
2.30 25 L69 44 L05 63 0.51 82 
227 26 1.06 45 L02 64 0.49 83 
2.24 27 L62 46 0.99 65 0.46 84 
2.21 28 L59 47 0.96 66 0.44 85 
2.19 29 Lf>6 48 0.93 67 0.42 86 
2.15 30 L52 40 0.89 68 0,39 87 
2.12 31 L40 50 0.86 69 0.37 88 
2,09 32 1.45 51 0.84 70 0.34 89 
2.06 33 L41 52 0.81 71 0 32 

901 2.03 34 L38 53 0.78 72 0.29 91 
2.00 35 L35 54 0.75 73 0.27 92 
L96 36 LSI 5.') 0.73 74 0.24 98 
1.93 87 L28 56 0.70 75 0.22 94 

.. _ .. All s•• 

p., 
oont. --

(2) --
0.20 
0.18 
0.16 
0.13 
0.11 
0.10 
0.08 
0.07 
0.05 
0.04 
0.03 
0.()2 
0.02 
0.01 

0.02 

100.0 

Age distribution of the population of the United States. -
On account of the heterogeneous character of the people 
of the United States, due to immigration and to· internal 

' The Determination and u..., of Population Nonne "'P"""'nting 
the Constitution of Populations according to Age and Sex, and accord
ing to Age only, Tro.nsootions, 16th International Congress on Hygiene 
and Demography, Vol. VI, p, 352, 
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1! 
inlgrations, we find that states and cities vary widely in the 
:age composition of their inhabitants. In the older parts of 
the country we find a more normal age distribution of the 
.people, one that approaches that of Sweden and Switzerland, 
but in the newer sections, especially in the west, we find an 
·abnormally large number of persons of middle-age. This is 
also true of cities to which persons of middle-age are drawn. 
On the other hand the rural districts are relatively low in 
the middle-age groups. There are also important differences 
between native whites, foreign born whites and negroes; 
and between males and females. The student is urged to 
study in the census reports these differences among dift'er
ent classes of populations and in different sections of the 
·country. 

·The following table shows the percentages of total popUla
tion in'1910 arranged by years: 

TABLE 41 

PER CENT OF TOTAL POPULATION, BY SINGLE YEARS, 1910 

(United States) 

~ 0 10 20 30 40 " 6J 10 80 00 

- ~ ---~ -~ -~~ ----- ----
0 2.4 2.0 2.0 2.0 1.7 1.2 0.7 0 4) 1 2,1 1.9 1.9 1.2 0.9 0.7 0.4 0.2 
2 2.4 2.1 2.0 1.6 1.2 0.9 0.5 0.2 0.3 ' 

·3 2.3 1.9 1.9 1.4 1.0 0.7 0.4 0.2 
4 2.3 2.0 1.9 1.4 0.9 0.7 0.4 0.2 
5 2.2 1.9 2.0 1.7 1.2 0.7 0.5 0 2) 6 2.2 2.0 1.8 1.4 0.9 0.7 0.3 0.2 
7 2.1 1.9 1.7 1.2 0.9 0.5 0.3 0.1 0.1 t 
8 2.1 2,1 1.9 1.5 1.0 0.6 0.3 0.1 
9 2.0 1.9 1.5 1.2 0.9 0.5 0.3 0.1 

"' Less than 0.1 %. t Age uuAu '" 0.2% 

The concentrations around the years ending in 0 and 5 
should he noticed. The differences bet.ween the percentages 
for males and females in the whole population are relatively 
slight. 
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Demographic view of population. - Local health officers 
seldom have occasion to consider the laws of population in 
a broatl way, but a study of this subject is enlightening. 
There are two important principles that should be kept in 
mind. The first is that the use of natural resources makes 
larger populations possible, and .the second is that higher 
standards of living tend to check the increase of population. 
We see these influences at work in the United States. Our 
resources are far from being exhausted, hut the ratio of 
certain food products to population, say the animal foods, 
is not what it once was. On the basis of present food-sup
plies it is possible to predict an ultimate limit for our popu
lation, but who can say what the limit will be should the 
people of the United States gradually change to a food basis 
like that of China? The birth-rate among recent immigrants 
to the United States is commonly higher than that of the suc
ceeding generation. The check of higher living standards is 
seen in operation. What will be the effect of these laws on 
Asia? Will not the development of resources in Siberia be 
a stimulus to population growth in that great country, a 
country not only abounding in natural wealth · but with 
great possibilities for a higb order of civilization? On the 
otber hand, will not the development of diversified indus
tries in China bring about hi!(her standards of living and 
check the birth-rate, tbus making China not larger but better? 

G. H. Knibbs, in his stimulating book on "The Math
ematical Theory of Population," has called attention to 
these great influences. He emphasizes not only the pos
session of natmal resources, but the human knowledge and 
power to utilize them; he discusses the cosmic energies 
which facilitate man's development, and the various so
ciological forces which are at work. We study these things, 
we extend out population curves forward, and then we look 
at the ruins of Egypt, Babylon, Rome and Carthage, and 
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':wonder. In summing up his studies, Knibbs Bay!!, " The 
limits of human expansion are much nearer than popular 

, opinion imagines: the present rate of increase in the world's 
population cannot continue for four centuries, and the 
extraordinary increase in the standards of living which has 

· characterized the last few decades must quickly be brought 
to a standstill or be determined by the destructive forces of 
human extravagance. Very soon world-politics will have to 

. face the question whether it is better that there should be 
larger numbers and more modest living or fewer numbers 
and lavish living." 

Movement of population. - The term " movement of 
population," used commonly by European demographers, 
does, not refer exclusively to migration, as one might natu
:rany thlnk, but includes those changes produced by births 
and deaths as well as those of emigration and immigration. 

EXERCISES AND QUESTIONS 

1. What were the points in the Washington controversy in regard to 
q..th-ralee and population? [See Am. J. P. H., Apr., 1917, June, 
1917, Feb., 1918.] 

. 1. From the data given in Table 3, 13th Census, Population, Vol. 
I., p. 24, eatimate by three methods the probable population of the 
UDited States in 1950. 

a. What Wll8 the av~ annual percentage rate of inc ....... of the 
population of the United States between 1790 and 1800, "-""l'ning a 
pomotricsl mte of in.,......? Bet ..... n 1900 and 19107 

: t. Under what temperature conditions dn the people of the United 
·.states live? (See 11th Census, page ix.) 

5. Under what rainfall conditions do the people of the United States 
>live? (See lith Census, page ix.) 
; 8. From data given on page 314 of the 13th Census, Popula.tion1 

\VoL I, make a table giving the age distribution by single years of the 
· <illlh-e population of the United Stateo, the native white of natiw 
\,_..tage and the foreign born white. 

\~ f. Make a plot of the loot two. 
'. 



198 POPULATION 

8. Aaswning the age distribution of tho United States natiw white 
population of natiw patentage (both """'") as given below, lind by 
grapbjce.l methode the age diatrihution ae indicated. 

-
Givllil Wanted 

.~. .. Per oent AI• Per cent 

()..4 13.2 ()..4 ? 
&-0 11.8 5-14 T 

1(1-19 21. t 15-24 ? 
2(1-29 17.7 21HI4 ? 
30-39 13.1 35-44 ? 
4<H9 9.2 4IHl4 ? 
51)-69 6.9 65-34 1 
6()-69 4.4 
79-79 2.1 
80·-89 0.5 

-
Check the result by computation from figures given in previous 

problems. 
9. Look up the u Incrementallncrea.se Method " of estlms.ting future 

pcpulatione. (Jotu. Am. Water Wotko Aaso., March, 1915.) 
10. What is meant by the " Center of Population?" Where was 

the centre of population in the United States in 1790? In 1910? 
(U, S. Census, 1910, l'opulaliion, VoL I, p. 40.] 

11. What is the 11 median point m/ 

12. Which states have the largest per oenta of tuhan pcpW..tion? 
13. Dewribo Moore's 1

' Ex:peotanoy Curve/' for estimating futuro 
populations. (Engin-ng New., Nov. 2, 1916, p. 844.) 



CHAPTER VI 

PREDICTION OF FUTURE POPULATION 

(Mr. Dana E. Kepner, Assistant in Sanitary Engineering, 
Paroard Engineering School, 1821-2, collaborated with thl! 
. auDwr in the preparation of this chapter.) 

For many purposes it is necessary to make an estimate of 
what the population of a place will be ten, twenty, or per
hap~ fifty or more years in the future. City planning is funda
mentally dependent upon such predictions. However much 
we may tnoralize and say, " No one can foretell what the 
future has in store for us," it is absolutely necessary to make 
population estimates as the basis of plans for water supply, 

· &ewerage systems and many other municipal works. In 
j)u.einess it is desirable to know what the future population 
of cities and regions is likely to be'. So, too, in political 

· i:natt<ers a knowledge of the future trend of the voting popu
.· lation is important. 

Methods commonly used. - Estimates of future popu
.lation are sometimes made by applying the principles of 
arithmetical or geometrical increase referred to on pages 
141 and 142. These are not very reliable; the former gen
~ly gives too low results and the latter too high results. 
It is logical to extrapolate arithmetically using the last 
two census records, for a short period ahead, say ten years; 
but in estimating for longer periods it is necessary to base 
the prediction on longer historical records. This is a prin· 

· ciple which applies to many things in life. The farther 
· you look ahead the more you must look back. It means the 

!l8e of experience. The public health student who desires 
' to projeet himself forcibly into the ooming years needs to 

199 
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study the history of the health of the human mce and the 
methods which have been employed to protect it. 

Graphical methods are more common and, on. the whole, 
are more useful than these numerical r.omputations. 

The simplest method and one commonly used is to plot 
the past census records of population on ordinary cross
section paper and, using them as guides, project forward a 
line in continuation of the apparent trend of the plotted 
data. This is usually done by the eye, but sometimes by 
the use of the mathematical device known as " curve 
fittings." This method is very local and assumes the con
tinuation of the co.nditions of growth which have controlled 
past increases in population. It has proved a useful method 
for short period estimates but has its shortcomings. 

Another method, also commonly employed by engineers, 
is to secure data for older and larger communities, where 
the conditions are reasonably comparable; ascertain what 
their growth was after they bad reached the size of the city 
being studied; and u~e these facts as guides in extending 
the population curve forward. This method, coupled with 
the first one, tends to strengthen confidence in the resulting 
prediction. It is open to this objection, however. The 
cities taken as comparates are larger than the city being 
studied because they have grown more rapidly. It follows, 
therefore, that the data often represent rates of growth too 
high to be used as reliable guides. This may be one reason 
why engineers' estimates of future population are so often 
too high. 

A third method is to make use of all sorts of local data, 
which may influence future growth, - the density of popu
lation, the character of the industries, housing, transporta
tion facilities, and so on. These are for the most part in
direct, indefinite factors, yet they may be of very great im
portance, outweighing the refinements of curve-fitting and 
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upsetting the smoothness of projected lines. These local 
factors, if used to modify the results of the first two methods, 
still further enha.nee confidence in the resulting prediction: 
but it usually requires some courage to apply them if 
they are at variance with the mathematical curves. 

There is a fourth factor which is very rarely considered, -
namely, the trend of population in large regions adjacent 
to the eity in question, - and still a fifth, the general prin· 
ciples of population growth as developed from a study of 
the science of demography. The fundamental laws of pop. 
ulation are biologic and economic, using these terms in a 
very broad sense. An understanding of some of the fund!~. 
mental principles of population growth and a knowledge of 
the movement of population in the different countries and 
different parts of our own country are valuable guides in 
making estimates by the other three methods. 

An ezample of the graphical method. - The following 
is an example of the graphical method of estimating popu· 
la.tion. 

Estimate the future population of Springfield, MasB., 
using for comparison the cities of Worcester, Mass., Syra. 
cuse, N.Y., Rochester, N. Y., and Providence, R. I. From 
the census re.ports we have the following data: 

Year. 

(1) 

1800 
1870 
1880 
18110 
1900 
1910 

TABLE ill 
POPOLATION OF CITmS 

Springfield. w"""""'. """""""· -· (2) (3) Ill (.\) 

15,199 24,960 28,119 48,204 
26,703 41,105 43,051 62,386 
33,340 58,291 51,792 89,366 
#,179 84,6M 88,148 133,896 
6~,059 118,421 108,374 162,608 
88,926 145,986 137,249 218,149 

' 

Pmviden«le. . 
(6) 

50,666 
68,904 

104,857 
133,146 
175,597 
224,326 
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These data are first plotted as in the upper part of Fig. 
43. They are afterwards brought together as in .the lower 
part of the figure, the lines being made to cross on the line 
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of 1910. The est.imate for Springfield is made by sweeping 
the curve forward as shown. 

Best graphical method of estimating future population. 
-Recent studies have shown that the semi-log cross-sec
tion paper described on page 87 is much better than ordi
nary cross-section paper for estimating future population. 
Plotted on this paper a series of numbers which increase at 
a constant rate will make a straight line. Census figures 
may therefore be plotted and, if a straight line results, pro
jected forward as a continued straight line. It will usually 
be found, ho\vever, that the census figures do not give a 
straight line but a curve sloping downward, indicating that 
the rate of growth is decreasing. The curve is often so regu
lar that it can be projected forward as a continued curve. 
This, however, 'is merely the mathematical outline of the 
problem. Other factors need consideration, as described 
beyond. 

As an example of this we may take cities and towns mak
ing up the present Boston Metropolitan Water District from 
1850 to 1920 and plot the figures on semi-log paper, as in Fig. 
44. It will be seen that they do not yield a straight line, 
but a downwa.rd sloping curve, which can be projected for
ward without much difficulty. As a further guide in pro
jecting the line forward the five-year increments' may be 
plotted as shown in the figure and this line projected for
ward, the results being used to project forward the main curve. 

Semi-log paper may also be used in the estillUl.tion of 
future populations when Cbmpa.ring the rate of growth· of 
other cities and towns with that of the city in question. 
Thus, instead of using the direct plotting paper shown in 
Fig. 43, the semi-log paper, shown in Fig. 46, may he em• 
played, remembering that steeper slopes mean higher rates 
of growth. 

1 ln Massachusetts the census ia taken once in five years. 
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Fxo. 46 ... _ EX111nple of Graphical Method of Estimating Future Pop

ul&tioo, using Semi-logarithmic Plotting Paper. (Compare with Fig. 
43.) ! 
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pared by observing the slopes of the lines. A straight line 
indicates a uniform rate. An easy way to measure the an
n!}al rate of increase is to draw on tracing-cloth, or better 
on a celluloid sheet, a slope diagram like that shown in Fig. 
49, and slide it around over the diagrams being studied. 
This slope diagram has to be drawn, of course, for the par
ticular scales used in the population diagrams. 

The average rate of growth of England and Wales be
tween 1801 and 1831 was 1.5 per cent per year. Then be· 
gan the period of colonial expansion and from 1831 to 1911 
the rate remained constant at 1.2 per cent. Between 1911 
and 1921 it fell to 0.5 per eent. The rate for Scotland has 
not been as steady as for England and Wales, but has fallen 
from 1.2 per cent in the early eighties to 0.9 per cent just 
before the Great War. Between 1801 and 1841 Ireland was 
growing at a 1.1 per cent rate. Then came famine, emigra
tion, and bad economic conditions which resulted in a great 
decre!Ule in population. Between 1841 and 1851 the decrease 
in rate was 2.2 per cent per year, but between 1891 and 1911 
only 0.3 per cent, and 1911 to 1921, 0.5 per cent. Although 
the population line has not reached the turning p0int (1921), 
the recent changes in government may result in an increase 
of population before many years. If the rate of growth 
which prevailed between 1801 and 1841 had continued, the 
population would now be more than twenty million, and 
even if the rate had decreased gradually, as in Scotland, it 
would be nearly fifteen million. One may speculate as to 
what would have happened in the Emerald Isle had these 
conditions prevailed. Australia grew at the rate of more 
than 9 per cent per year between 1821 and 1861, then the 
rate fell. to about 3.5 per cent and later to 2.0 between 1911 
and 1921. Canada had a 1.2 per cent growth between 1871 
and 1901; 2.6 per cent between 1901 and 1911, and 2.0 
per cent between 1911 and 1921. 
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·~ 4li.-Slopos for YMrly Pew.mtage Rates of tncre....,. (To .Ao
eoml>'J'Y l?opuL>tiQn Diag,IU!ll!.) 
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Between 1800 and 1870 Germany grew less rapidly than 
England, the prevailing rate being a little lees than 1 per 
cent; but after 1870 Germany began to accelerate, the rate 
between 1900 and 1910 being 1.4 per eent. Austria has 
grown more slowly, i.e., about 0.7 per cent as an average 
between 1830 and 1910. The Scandinavian countries have 
had a norm!.! growt.h of about 1 per cent, except that in 
recent years some of the rates have fallen beeause of emi
gration as, for example, in Sweden when the rate fell to 
0.7 per cent. 

France has had a low rate of growth for a century. .From 
1800 to 1810 it was only 0.5 per cent. This figure steaiilly 
decreased until it became practically nothing after 1890. 
Belgium and Portugal hav; mainW~~ 1 pe~ ce;t growths 
for several decades. Spain has had a slower growth, ~ 
about 0.5 per cent. Italy's rate of growth steadily fell 
between 1825 and 1871 from 0,8 per cent to 0.1 per cent; 
then it rose to 1.3 per cent and fell off again. 

Japan, the only Asiatic country for which there is an accu
rate record, grew at the rate of 1.1 per cent per year from 
1882 to 1910. 

In the above comparisons no attempt has been made to 
secure great accuracy, because !SOille of the changes in pop
ulations have been due to altered boundaries, some of the . 
census records are said to be Inexact, and they have not 
been taken on the same dates in different countries. They 
serve to show that a yearly growth of about one per cent, to 
use a round number, is not far from a normal ior our Wes
tern Civilization. They also show that great national crises 
tend to alter the rate., of growth. Rates of growth exceed
ing 1.5 per cent have been almost always due to immigration. 

The data need to be plotted on a larger scale than that 
used in the diagrams in order to .see these changes in rate 
clearly. 
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The population of the world has never at any time been 
iJetermined by count and reliance must be placed on esti· 
twttes built on very feeble foundations. G. H. Knibbsl 
;has assembled many of these estimates and from them has 
found that between 1804 and 1914 the average annual rate 
·of increase was 0.864 per cent, the rate varying from 1.21 
per cent at the beginning of the period to 0.15 per cent at 
its close. The population of the world in 1914 was esti
i:nated by Knibbs to be 1649 million. 

Population of the United States. - Turning now to the 
United States (Fig. 47), we see that from 1790, the date of our 
first census, to 1860, the rate of growth was very steady at 
about 3.0per cent per year. Following the Civil War, the rate 
fell and remained nearly constant until1910, i.e., 2.2 per cent 
to 2.0 per cent. Between 1910 and 1920 it was about 1.4 
per cent. An important question here arises. Is this the 
!i<iginning of a long period of slower growth, or is it but a 
temporary incident of the war? Predictions of future pop

'ulations in our American cities must depend on the answer 
to this question. The author holds the former opinion, -
,lliWlely, that the rate of growth has taken a new and flatter 
grade and that, while some of the recent falling off was 
undoubtedly due to the war, the annual rate of growth for 
the next fifty years will probably never again exceed 1.5 per 
cent per year. At this rate the population would reach 
200 million by 1962. In all probability the rate will fall 
steadily until it reaches about 1 per cent per year. 

Some have looked forward to a still greater retardation of 
growth. Professor Raymond Pearl of Johns Hopkins Uni
versity• has worked out a mathematical formula based on 

' Mathematical Theory of Population, 1917 by G. H. Knibbs, 
Commonwealth Statistician Australia.. 

t Vitality of the Peoples of America, American Journal of Hygiene, 
September--November, \921. 
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the populations of the United States from 1790 to 1910, 
and hat; plotted a line which on ordinary crOI!IH!ection paper 
(Fig. 50) 4; a sigmoid curve. This shows that the point 
of inflection was passed in 1914 and that a population of 200 
million will not be reached until about 2050 and never ex
ceeded. It will be noticed, however, that the change in 
rate of growth will not be very great during the next forty ... --~ 
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FIG. 80.- Estimated Future Population of the United States. 
(After Pearl.) 

years, but that after that the population will increase at a 
lessening rate to a maximum of about two hundred million. 
Of course, this is merely a mathematical computation and 
does not take into account changing conditions of living. 
The point that is of real importance to the present generation 
is the reversal of the curve. We have been living in a period 
>f acceleration; we are entering upon a period of retardation. 
The process will be slow but certain. 

Fig. 51 shows what the population of the United States 
.fould be if the present approximate annual rate of increase 
of 1.5 per cent were continued; also what it would be if a 
rate of 1.1 per cent were continued; and what it would be 
if the increase followed Pearl's formula. A fourth line shows 
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what the population would be if the annual rate, starting 
at 1.5 per cent in 1920, decreased 0.1 per cent per decade. 

It musi not be forgotten that a growth of 1 per cent per year 
means a growth of 270 per cent per century and that a rate 
of 0.5 per cent per year means Hi5 per cent per century. At 
the rate of 0.5 per cent per year the population of the United 
States would be 175 million in the year 2020; 286 million 
in 2120; 472 million in 2220; 776 million in 2320; 1280 
million in 2420; and 2110 million in 2520. In other words, 
at this rate the population of the United States five centuries 
hence would he more than the present population of the 
world. Evidently this cannot be. Some time in the future 
the rate must drop to much less than 1 per cent per year or 
catastrophic wars will occur. Our "Western Civilization" 
must retard its quantitative advance. If it is to bear fruit 
worthy of its efforts it must look to quality and not to quan· 
tity. Nations should be judged not by t.heir size but by 
the happiness, comfort and well being of their people. This 
is as true of cities as it is of nations. 

Population of the several states. - Figs. 52 to 61 show 
the populations of the several states by sections. 

New England as a section has grown at a fairly constant 
rate since 1790, i.e., 1.6 per cent per year. (Fig. 52.) The 
break in 1860-70 was only t<Jmporary. The six New England 
states fall into two well marked groups. Massachusetts, Con
nec-ticut, and Rhode Island, which are essentially industrial, 
accelerated greatly about 1840 and have maintained rat<>.s 
of about 2 per cent per year. About the same time the rates 
of Maine, New Hampshire, and Vermont gradually fell 
off, until in recent years they have been less than 0.3 per 
cent and, in Vermont, nothing. This has been due, of 
course, to emigration and the drift to the industrial cen
ters. 

In the Middle Atlantic States, (Fig. 53), New York and 
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Pennsylvania had an early rapid growth, rates of 5 per cent, 
4 per cent, and 3 per cent being observed. Since the Civil 
War the rates have been between 1.5 per cent and 2 per cent. 
New Jereey's most rapid rate of growth was between 1840 
!llld 1870 when the rate was 3 per cent, but since then the 
rate has fallen to about 2.5 per cent. Delaware and Mary
land have grown more slowly. 

The South Atlantic States (Fig. 54) had variable rates of 1 
per cent to 4 per cent before the Civil War; but since then 
have grown steadily. Florida has maintained a 3 per cent 
growth since 1860. The drop in Virginia after 1860 was due 
to the settling off of West Virginia. 

The East North Central States (Fig. 55),-0hio, Indiana, 
Illinois, Michigan, and Wisconsin,- grew at a very rapid rate 
between 1800 and 1850, rates of 15 and 20 per cent a year 
being observed. Since the Civil War the rates have been 
lower. Indiana has dropped to 1 per cent, but Michigan's 
population increased at a 2.6 per cent rate between 1910 
and 1920. 

The East South Central States (Fig. 56) have had the 
S&llle general history, but the Gulf States, Alabama and Mis
sissippi, have in recent years grown faster than Kentucky and 
Tennessee, the rates of the first two being about 2 per cent 
and the latter 1 per cent or less. 

The West North Central States (Fig. 57) had rapid growths 
at first, but since 1890 the rates of Missouri, Iowa, Kansas and 
Nebraska, prairie states, have flattened greatly, being not 
far from 0.5 per cent. Minnesota has not dropped as much. 
The Dakotas grew rapidly between 1890 and 1910, when 
·the rates fell off. 

The West South Central States (Fig. 58) have v.aried a 
good deal. Louisiana since the Civil War has had a 1.8 Jlf'X 
cent growth; Texas, a 10 per cent growth fol\(.)wed by rates 
about 3 per cent; Arkansa.s, an early spurt, Qf ~5 ~r. eent, 
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falling little by little to 1.5 per cent; and Oklahoma, a 
l!iJnilar rapid growth with a recent set-back. 
· The North Mountain States,- Montana, Idaho, and 

Wyoming,- are still small but the rates of growth are high, 
-i.e., 3 per cent to 5 per cent. (Fig. ii9.) 

The South ~Iountain States, - Colorado, Utah, Arizona, 
and New Mexieo, have grown rapidly but, except for 

· Arizona, the rates fell off during the last decade. Nevada, 
. a mining state, has shown both ga.ins and losses. (Fig. 60.) 
· The Pacific States, (Fig. 61)-Washington, Oregon, and 
· California,- have maintained high rates of growth varying 
· from 15 to 20 per cent in the gold fever days to 4 per cent 
·and 8 per cent before the Great War. In the last decade 
Washington and Oregon had growths of 1.6 per cent and 
California, 3.8 per cent. 

Looking at the states west of the Alleghanies in a general 
way, it will be seen that they all had their period of early 

:·settlement, lasting from 30 to 60 years during which the 
rates of growth were between 5 per cent and 25 per cent 

.·per year, followed by a period of more conservative devel-
opment, which has depended largely upon the natural re-

. sources but which has been influenced also by industrial 
development. No rates of growth comparable' to those 
which existed fifty years ago may ever be eJ<pected again, 
unless extraordinary conditions arise. 

Biological factors. - With this general background of 
population statistics for different states and nations let us 
now oonsider briefly some of the biological factors which 
.enter into the problem and which are described at greater 
length in the next chapter. 

lf we take a country like Sweden, for which there exists a 
long and accurate record of vital statistics, we find that 
although the birth-rates a,nd death-rates have both been 
trending downwards for a long time the excess of birth-rates 
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over death:rates has been, on the whole, rising, although 
there have been marked fluctuations from year to year 
(Fig. 63 ). Marriage-rates and birth-rates are influenced 
by social and economic conditions and by wars. The vio
lent changes in death-rates are due to epidemics of disease, 
famines, and wars. One thing is conspicuous from the 
Swedish data, - namely, the smaller fluctuations in the 
vital rates of recent years. These indicate more stable 
economic conditions and better health. And yet, as if to 
contradict this statement, we have recently seen the effect 
of two cataclysms, the Great War of 1914-18 and the Great 
Influenza Epidemic of 1918 both of which increased the 
death-rate. Fig. 63 also shows that for nearly a century the 
excess of birth-rates over death-rates has fluctuated around 

· 10 per 1000, or 1 per cent per year, thus corresponding approx
imatt?ly with the average population increase, 1.1 per cent, 
&keady referred to. There are no similar records available 
for the United States as a whole, but for a few states, Massa
chusetts for example, it is poesihle to ascertain the excess 
of birth-rates over death-rates for a fairly long period. Be
tween 1850 and 1860 the natural increase rose from 0..95 
to 1.2 per cent. During the Civil War it fell to 0.14 per 
cent; then rose to nearly 1 per cent and back again to 0.5 
per cent in 1880, - these changes being influenced more by 
the birth-rates than the death-rates. Since 1890 the death
rate has fallen steadily and the excess of births over deaths 
has steadily risen until in 1914 it was 1.1 per cent. All 
these ligures are so much lower than the actual population 
growths for the state that the effect of immigration is plainly 
to be seen. In recent years immigration has been falling 
off, as the following approlCimate figures show:-
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. 

n-de. Tow.! inel'UR6. Nat.ursJ itt~. lrn~ration. 
(Per year.) (Pet ytal'.) (By . .....,.) 

s£2 {2) (3) (4) 

fsoo-i= 2.4% 0.6% 1.8% 
2.4 0.8 1.6 

lll00-1910 1.8 0.9 0.9 
I9UH920 1.4 Ll o.a 

It may be observed from the Massachusetts data, as well 
as from data for other states, that when the natural increase 
has fallen below 0.5 per cent per year it has soon afterwards 
risen quickly to inore than 0.5 per cent and in fact has usu
ually tended to rise to 1 per cent. 

It must not be inferred that the relations between birth
rates and death-rates are simple; as a matter of fact, they 
are of extraordinary complexity. One important factor is 
often overlooked, - namely, the changing age composition 
of the people. Another is the age of marriage. Late mar
riages tend to reduce the birth-rate. Dr. Raymond Pearl 
emphasizes_ the ratio of births to deaths, a subject discussed 
on page 268. 

Economic factors. - The well known law of Malthus 
is that if, a.s time goes on, food production increases in an 
arithmetical ratio while population iJicrea.scs in a geometrical 
ratio population must inevitably overtake and surpass the 
food supply. That large populations tend to increase geo
metrically has already been shown; but the arithmetical 
L-~ase in food supply is less certain. It depends upon 
natural resources, especially agricultural resources, and 
man's knowledge and ability to utilize them. It may alao 
be said to depend upon man's possible adaptability to new 
food supplies. The Malthusian doctrine has been the storm 
centre of all sorts of discussions, -social, economic, and 
religious. It does not help us much in estimating the future 
population of cities, yet it does stand as a sort of foundation 
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theory, showing the close relation between population 
growth and economic conditions. 

In the first place, economic conditions affect the marriage
rate and the birth-rate. What is of more immediate im
portance to our subject, economic and industrial conditiooo 
Cl()ntrol migration. The annual 3 per cent growth of the 
United States before the Civil War was due to an immigra
tion inspired largely by hope of economic reward. The 
drift of people from the rural districts to the cities which 
began in force about 1840 was also due to economic reasons. 
And now we see people following industry from city to city. 
We have not seen as yet any disposition to return to the 
farm, although the general good of the country demands 
it. These migrations are, of course, influenced by mixed 
motives,- political, social and religious ideas having some· 
times an important inJiuence. These migrations are often 
sudden; cities sometimes grow with great rapidity,- De· 
troit, for example. r n providing public utilities, such as 
sources of water supply and sewerage facilities, some factor 
of safety should be allowed for sudden jumps in population 
due to industrial invasion or some unforseen growth. 

Effect of Immigration.- Everyone knows that Immigra
tion has been an important factor in the population increase 
in the United States. Mention has already been made in 
Chapter V of the fluctuations in immigration. It is import
ant to learn how this inftux of people from other countries 
has affected the percentage rates of increase. This has 
been computed approximately by decades and the results 
are shown in F'ig. 47. The short dotted lines show the rate 
of increase of population after deducting from the popula
tion increments given by the censuses the immigration dur
ing the decade. These rates are materially lower than those 
shown by the full line. During the ten years between 1910 
and 1920 the rate was only 0. 7 per cent per year. This low 
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figure was, of course, due to the war. Unfortunately we 
have no published data as to the emigration during that 
decade. Probably the next ten years will show a natural 
increase ·in population not far from the 1.1 per cent mark. 

Law of diminishing rate. - It may be laid down as a 
general principle that as cities become larger their percentage 
rate of growth decreases. This may be true even· when the 
annual inerements are becoming larger. 

For example, let us suppose that a city of 100,000 receives 
by immigration 3000 new people each year, and that the 
natural rate of increase is 1 per cent per year. The popu
lation increase would be as follows: 

Por-ula.tion. 
Anr)ual 

~cent.age , ........ 
100,000 

104,000 4.00 

108,040 3.88 

112,120 3.77 

At beginninN first year ................ . 
During first-y~, immigration, ........... 3,000 

natural increa.se ........ 1,000 
At beginning of second year .............. . 
During')ecoD.d year, immigration .......... 3,000 

natural increase ........ 1,040 
At beginning of third year ............... . 
Durjng third year, immigration ........... 31000 

natural increase ..... , . 1,080 
At beginning of fourth year .............. . 

A study oi the populations of American cities from 1790 
to 1920 shows that this law generally holds but that there 
are many OilBeS of erratic variations from it due to the devel
opment of industries which suddenly attract large numbers 
of workers. The ratio of urban to rural population in the 
United States has been steadily rising for a long time. In 
1840 it was 1 to 10.8; now it is 1 to 1.3. With the rural 
districts already drained and with immigration restricted 
it is to be expected that the percentage growth of American 
cities will fall off materially. Furthermore, there are forces 
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~'Jritb,in the cities themselves which are tending to retard 
·arowth. The evils of congested housing, high buildings, 
streets crowded with automobiles, and things too numerous 
to mention, taken in connection with the inr,reasing demand 
for better standards of living are giving impetus to the de
neutralization movement. 

Saturation. - An important internal factor in city growth 
iJJ what may be called saturation of territory. When an 
area has grown to a certain density it ceases to grow; the 
population locates around the area, not in it. Density of 
population depends largely upon the heights of buildings. 
An area fully built up· on a two-story basis may have its 
density doubled by tearing down the two-story houses and 
erecting four-story houses. But there are limits to this 
process because streets as well as buildings beoome congested 
and r<igulation of buildings becomes neeessary in order that 
all people may have somewhere near to equal rights in such 
natural agents as light and air. No definite limit can be 
'aet for saturation of territory, but by studying the popula
tions of wards and sections of cities this can be found ap
proximately for any given community. Factories and bus
iness drive out residents, and small areas may become in
dllBtria.lly or commercially saturated. 

Effect of emigration. - It must not be forgotten that 
cities may be influenced by local emigration as well as by 
immigration. Only occasional examples of this have been 
seen thus far in the United States. But we are a new nation 
11nd our cities have not yet experienced the saddening 
eights of decay. These are not at all uncommon in Europe 
and our time will nome. Basing judgment on Pearl's curve, 
our children and even our grandchildren are not likely to 
witness the decline, but their grandchildren may live to 
1100 the population curves topple. 
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Expansion of area. ~ In predicting future populations it 
must be observed that cities often grow in area aa well as 
in population. Annexations are so erratic, however, that 
nothing appl'08.(lhing a law can be established. Fig. 45 
shows the population of the old city of Boston also the popu
lation of the city including its annexations. Apparently the 
old part of the city became almost "saturated" many years 
ago. The present city still has much unsaturated territory, 
but looking ahead it seems likely that the great future growth 
will o~ in the suburbs, - that is, in the outer zones of 
the metropolitan area. 

In making populatinn predictions for any city, account 
should be taken of past annexations and of future annexa
tions likely to occor within the period of the estimates. 

Method of forecasting. In making estimates of the 
future populs.tion of a city, it is necessary to consider both 
the tangible and the intangible evidences. The best mode 
of procedure is as follows: -

1. Collect all the available population data, including 
census records, areas, densities of populations in subdi
visions of area, annexations, etc. 

2. Plot the past census populations of the city on semi
log -:papt>,r. Plot also the decadal increments on semi-log 
p~er. 

3. Extend the population curve forward according to the 
general trend of the plotted points. Regard this merely as a 
tentative estimate. 

4. Plot on the same sheet a line having a slope of 1.1 per 
cent per year aa a guide line showing the average annual 
growth of population as already described. 

5. Plot also lines showing the population growth in larger 
contiguous areas in order to be guided by them also. 

6. Plot also population growths of older and larger cities. 
7. Make a list of the intangible factors involved such as 
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llbe birth-death ratio, local movements of population, as 
!lihown by various data such as change of industries, building 
;permits, new water and gas connections, etc . 
.'• s. On the basis of these various guides modify the tentative 
dtimate, increasing or decreasing the annual percentage 
iates of growth on the basis of all the evidence, remembering 
ltbat the natUl'!l! tendency is for the annual rate of increase 
w 'approach 1 per cent as a round number. 
, , The prediction of future population depends in the last 
,flllll}ysis upon judgment and not upon mathematical com
'P'ltation. The latter is merely a guiding framework. In 
planning structures for future use engine.ers naturally like 
'to make their estimates sufficiently liberal to yield a certain 
factor of safety, and probably this is justified. In estimat
ing the future water supply requirements it is better to be 
;too high than too low. But on the other hand, if bonds are 
1ssued, the payment of which depends upon the future popu
ilation, an oversanguine estimate may result in extravagant 
il!Xpenditures which will ultimately cause financial hll!'dshlp. 
'Jt is important, therefore, that the best possible estimate 
,'be wade. 

mgh and low estimates. - As a rule American engineers 
have made their predictions of future populations too hlgh. 
They have not given sufficient consideration to the law of 
'decreasing rate, and, as a class, they have not studied sufli.
;eiently the trend of population growth in states and nations 
'or the biological and economic factors involved. On the 
tother hand, there have been some notable cases of under
~1!11timation. A few examples of unfulfilled estimates may 
!he mentioned. 
·· n 1865 James P. Kirkwood, a well known civil engineer, 

unated that the population of Cincinnati would be 431,
in 1890; actually it proved to be 297,000. At Roches

-~ an estimate made in 1889 claimed that the population 
I 
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in 1910 would be 283,459; actually the city grew to only 
218,149. In 1895 Frederick P. Stearns estimated that the 
population of Cambridge in 1920 would be 146,720, but the 
census of 1920 showed only 109,694. At Winnipeg in 1897 
a certain estimate of the probable population in 1907 waa 
me.de, but when 1907 arrived the population WI'S double 
the estimated figure. These cases are exceptional. As 111 

general rule engineers' estimates of future population have 
been close enough for praotical purposes. For reasons men
tioned, it is going to be increasingly difficult to make reliable 
estimates, and engineers and others will have to give more 
attention to demographic studies than they have given in 
the pa.st. 



CHAPTER VII 

GENERAL DEATH-RATES, BIRTH-RATES AND MAR
RIAGE-RATES 

Gross death-rates (general death-rates.)······· Stated sim
ply, the death-rate is the rate at which a population dies. 
It is the ratio between the number of persons who die in a 
given interval of time and the median number of persons 
alive during the intervaL Unless qtherwise specified the 
interval of time is considered to be one year. For the sake 
of comparison the ratio nlCntioned is reduced to the basis 
of some round number of population, generally 1000. Nat 
until such reduction is made may we consider this ratio 3.."3 

a'' rate." 
The computation is, of course, very simple. If in the 

year 1917 the number of deaths in a given city was .'i710 
and the population on July 1 of that year was 390,000, then 
the death-rate was: 

5710 + 390,000, or 14.6 for each thousand. 

The death-rate for 1917 was therefore 14.6. We sometimes 
call this the " general " doat,h-rate because it refers to the 
general population. SomctimP-s it is called the " Nude " 
death-rate to distinguish it from rates corrected and ad
justed in V11rious \vays. Or it ma.y be ealled the "annual '' 
death-rate. T'his is unnecessary, however1 as death~ratcs 
are always assumed to refer to a year as the basis unless 
stated to the contrary. Perhaps the best term of all would 
be the "Gross death-ratc1" but this term is not, as common. 

237 
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Death-rate$ 11111y be based on 10,000 or 100,000 or 
1,000,000 of population, but 1000 is the common base for all 
general rates. The higher numbers, however, are often 
UJ!ed for special rates, a.• described in the next chapter. 

The method of estimating mid-year population was fully 
described in the preceding chapter. 

Precision of death-rates. - The accuracy of a death
rate depends upon the accuracy of the number of deaths 
and the correctness of the estimated population. One or 
both of these may be in error. Only in a census year can the 
death-rate be computed from actual facts, because only in 
a census year is the population known by actual count. 
In other years, the population is estimated, and hence the 
death-rate based upan it must also be regarded as an 
estimate. Incorrect estimates of population obviously must 
produce incorrect death-rates. If this fact be kept in mind 
it will prevent one from drawing unwarranted conclusions 
in comparing rates which differ from each other by small 
amounts. 

It is quite common to see the gross death-rate, referred to 
1000 persons as a basis, expressed to the second place of 
decimals. This is warranted in the case of large popula~ 
tions for then the figures in the second decimal place have 
a significant value. It is not warranted for small popu
lations. This, it will be remembered, was discussed in 
Chapter II, but the following figures will further illustrate 
the point. · 

In A, with a population of 1000, the number of deaths 
was 16 and, of course, the death-rate was 16. An error ~ 
one death, the smallest possible error, would have made the 
deaths 17 (or 15). In B, with a population of 10,000, an. 
error of one death would have changed the rate from 16.0' 
to 16.1; in C, population 100,000, from 16.00 to 16.01, an~ 
in D, population 1,000,000, from 16.000 to 16.001. In 11 



City. 

(!) 

A l 
B j 
c l 
D { 

PRECISION OF DEATH-RATES 

TABLE 43 

PRECISION OF DEATH-RATES 

Population. N um bet of death<~. 

(2) (3) 

1,000 16 
1,000 17 

10,000 160 
10,000 161 

100,000 1,600 
100,000 1,601 

1,000,000 16,000 
1,000,000 16,001 

239 

Death-rate. 

(4) 

16.00 
17.00 

16.00 
16.10 

16.00 
16.01 

16.00 
16.001 

···········-

city of less than 10,000 population it would obviously be 
unreasonable to use two decimal places. 

Simila,rly the following figures show the differences in 
population required to change the death-rate from 16.00 
to 16.10 in cities of different size, the actual numbers of 
deaths remaining the same. 

TABLE 44 
OF DEATH-RATES 

City. Death-rate. Number of death~. Population. Difference in 
population, 

·········--- - ·········--- - ···········-
(!) (2) (3\ (4) (5) 

A l 16.00 16 1,000 I 6 16.10 16 994 

B l 16.00 160 10.000 I 62 16 10 160 9,938 i 

c I 16.00 1,600 100.000 l 621 16.10 1,600 99,378 

D I 16.00 lfi,OOO 1,000,000 i 6211 16.10 16,000 993,789 
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It will be noticed that in all cases the percentage differ. 
ence in population is the same, i.e., 0.62 per cent. Thif 
percentage varies; according to the death-rate. To alte1 
the death-rate from 12.00 to 12.10, for example, if the num. 
her of deaths remained the same, would require a chang. 
of population of 0.83 per cent. The following figure$ show 
the percentage change in population required to alter 
the death-rate by 0.10 per 1000 from certain given death
rates. 

TABLE 45 

Change ol rate from 
Percent.a,~e 
change o 

population. 
---------

(!) (2) 

20 . 00 to 20 . 10 0.50 
19.00 to 19.10 0.52 
18.00 to 18.10 0.55 
17.00 to 17.10 0.58 
16.00 to 16.10 0.62 
15.00 to 15.10 0.66 
14.00 to 14.10 0.71 
J3.00to 13.10 0.76 
12.00 to 12.10 0 83 
11 00 to 11. 10 0.00 
10.00 to 10.10 0.99 

'--

As a rough and ready rule we may therefore decide that 
for places smaller than 1000 the death-rat<! shall he stated 
in whole numbers; for pltwes between 1000 and 100,000 
one decimal shall be used; for places above 100,000 two 
decimal places shall be used. 

Corrected death-rates.- What shall be taken as the 
number of deaths in a community? Shall non-residents 
who die within the geographical limits be included? Shall 
residents who die away from home be referred back to the 
place where they live? In other words shall the place for 
which the death-rate is computed be considered as a geo-
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·~phieal area or as a community of persons? The answer 
JliWJt depend upon Lhe use which is to be made of the facts. 
' ' The Bureau of the Census, looking at the matter in a 
fuoad way, takes the geographical point of view. It can 
hardly do otherwise. By recording deaths in the place 
where the deaths actually occur there is far less danger that 
·all deaths will not be recorded and that no death will be 
counted twice than if a process of distribution by actual 
jesidence were attempted. It may be laid down as a general 
rule that in computing gross death-rates all deaths within 
the defined area shall be included and no others; that is, 
groes death-rates shall have a geographical basis. 

This does not prevent the making of corrections to allow 
for loeal conditions. Often such corrections are desirable. 
If a hospital is located in a suburban town near a large city 
the deaths in that hospital should be included in the gen
eral death-rate of the town; but this figure could not be 
Jaken as an index of the hygienic or sanitary condition of 
.the town. For such a purpose another rate a corrected 
rate- should be computed, leaving out the hospital deaths. 
This might be called the local deathrrate. This rate should 
not be UBed in place of the gross death-rate, but in addition 
to it. 

If, besides the omission of non-resident deaths in insti
. tutions, the attempt is made to find and inelude the deaths 
·Of residents who have died away from home we might call 
the result tbe "re:ri<knt death-rate." 

The gross death-rate, or general rate, is beat for pur
. poses of national or state record. The local rate is best for 
·environmental studies. The resident rate is useful for 
sooial a.nd political studies. 

In New York city the health department publishes a 
· general death-rate and also a " corrected " death-rate in 
which the deaths are redistributed among the five borongha 
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on the basis of residence. This is because ao many person 
residing in one borough are taken to hospitals in othe 
boroughs. In some cases this makes an important differ 
ence. For the week ending Mar. 23, 1918, the death 
rates for the five boroughs were as follows; 

TABLE 46 

DEATK-ll.ATES IN NEW YORE: CITY 

BoroJJ&h, G$Mral death· Resident death· ...... .. ... 
-·· ..• ~·· 

(I) (2) (3) 
···-·· 

Manhattan 20.32 20.30 
Bronx 20.20 17.68 
Brooklyn 18.98 20.04 
~ueens 20.71 2098 

ichmond 25.13 18.98 

On the basis of the gross death-rate Richmond is 8eel! 
to lui.ve a death-rate much higher than Manhattan, but 
its resident, or " corrected," rate is lower than that of 
Manhattan. 

At. the end of a year a preliminary death-rate is often 
computed and published. Afterwards delayed reports of 
deaths are received and this necessitates a correction. The 
term "corrected " death-rate is sometimes applied to the 
new result. This of course is a proper use of the adjective, 
but a better term would be "final." 

The term " corrected death-rate " has been used by 
some writers as synonymous with the "standardized death
rate," described on page 292. · This use of the term is 
unfortunate and should be avoided. 

Properly the word " corrected " should be applied only 
to death-rates in which changes are made in the number of 
deaths. 



VARIATION IN DEATH-RATES 243 

. . Revised death-rates. - Inasmuch as death-rates are 
rbased on estimated populs.tioru< in poet-censal years, and as 
:these estimates are usually less accurate than intercensal 
:estimates, it is always wise after each new census to re
. I)Ompute the death-rates for the preceding intercensa.l years 
if it is found that the new census is different from the 
estimated population. Sometimes the resulting changes 
·are slight, but they may be considerable. The rates based 
on these revised estimates of population should be called 
" revised death-rates." 

Variations In death-rates In places of different size.
Wide fluctuations in the general death-rates from year to 

'year are to be expected in small places. Having a small 
population a change of one death in a year may consider· 
ably alter the rate. In larger populations the fluctuations 
are less marked. This is well illustrated by the death· 
rates of three places in Massachusetts, - Boston (popu· 
lation 686,092 in 1910), Springfield (88,926) and Yarmouth 
.(1420). Fig. 62 shows that the death-rate for Boston 
changed slowly, that of Springfield, although lower, ,fluc· 
tuated more, while that of Yarmouth varied through wide 
limits. 

This very well illustrates what is sometimes called the 
principle of large numbers. 

Errors In published death-rates. -It is necessary to use 
published death-rates and birth-rates with great caution. 
The old reports especially contain many unsuspected errors. 
For example, it was not at all uncommon ten or twenty years 
agu for the population of one census to be used year after year 
as the basis of death-rates, or until a new census was taken; 
that is, no intereensal estimates were made. Even the 
old registration reports of Massachusetts are full of inconsist
encies and cases of disagreements. In the following table 
the general death-rates are given in the second column as 
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Fta. 62.- Compl11'ison of Death-rates in a Largo City, a City of 
Moderate Size and a Small Town. 
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they appeared originally in successive annual reports. In 
the third column the rates for the same years are given aa 
published in the annual report for 1915, the rates having 
been recomputed. 

TABLE 47 

DEATH-RATES IN MASSACR11SETTS 

Asgiv(Jn As given in 
y..,., OtiKitli't.llf, in. t"0PQQ't of lDtS l!lucoeas va (reco.ru.put6d). annual report&. 

(I) (i) (3) 

1905 16.8 16.7 
1906 16.9 16.4 
1907 18.1 17.2 
1908 17.2 16.0 
1909 17.0 15.5 
1910 16.2 16.1 
1911 15.8 15.8 
1912 15.6 14.9 
1913 15.9 14.9 
1914 14.5 14.5 

Rates for short periods. - The general death-rate is 
always computed on the basis of a year. 

Strictly speaking the monthly death-rate would be the 
number of deaths occurring in "the month divided by the 
estimated population for the middle of the month; and the 
-weekly death-rate would be the number of deaths in a week 
divided by the estimated Wednesday population for that 
week. This practice would reduce population estimates to 
an absurd degree of precision. The months moreover do 
not all have the same number of days. On account of the 
varying estimates of populat.iou the sum of the mouthly 
rates would not equal the annual rates. 

It is much better for many reasons to reduce all rates 
for short periods to the basis of a year, and to use the popu-
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Iation estimated for July 1 for all months and weeks of the 
same year. Account must be taken, too, of the varying 
length of the months, and of the fact that a year is not 
exa.etly fifty-two weeks. 

To find the death-rate for January we therefore multiply 
the number of deat\ls in January by W, and divide by the 
estimated population for July 1. For the months of thirty 
days the multiplier is ~N; for February it is .¥.1' in ordi
nary years, and W in leap years. 

To find the death-rate for any week in the year we mul
tiply the number of deaths in the week by 1p. and divide 
by the population estimated for July 1st. 

Birth-rates.- Birth-rates are computed in the same way 
·ftll death-rates. We may have general rates, local rates, 
and resident rates; preliminary rates and final rates; cor
rected rates and revised rates. Weekly and monthly rates 
are reduced to a yearly basis. 

One thing should be always remembered. If a child is 
born dead, that is if. it is a " still-birth," it is not consid
ered by statisticians as a brrth although the Model Law 
requires that a still-birth be reported both as a birth and as 
a death in order to have the desired facts placed on file. 
When making up statistical. tables, tables of births should 
include only living births. Still-births should be plaoed in 
a class by themselves. In some places, still-births have 
been included with the living births, and in comparing old 
birth-rates with present rates this must be kept in mind. 
It must be remembered also that birth registration is usually 
less complete than the registration of deaths. 

Relations between llirth-rates and death-rates. - The 
relations which exist between general birth-rates and gen
eral death-rates are very complicated. It is easy to say that 
because of a naturally high infant mortality, which until 
recently has seldom been less than 10 per cent and which in 
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· ll()llle countries is more than 25 per cent, the birth of many 
children means many deaths and hence a high birth-rate 
means a high death-rate. To a certain extent this is true. 
It is true for a sudden increase in the birth-rate and its 

, eft'eet may last for five or ten years perhaps if the high birth· 
rate keeps up. But a high birth-rate adds to the population, 
and this increases the denominator of the birth-rate. 
Also most of the babies will within a few years become 
children and enter age groups where the specific death-rates 
are low. If a high birth-rate is long continued it may ac
tually reduce the general death-rate. Fifty or sixty years 
alter a high birth-rate there would normally be an excess of 
persons living within the advanced age groups for which 
the specific death-rates are high and rapidly increasing. 

Instead of becoming confused by trying to think out 
these puzzling relations, and especially so because wars and 

· migrations upset all such reasonings, it is better to regard 
the birth-rate as something which together with deaths and 
migrations controls the age composition of the people. 
Conversely the otge composition of the people influences 
both the given birth-rate and the general death-rate. 

· One cannot think clearly on this subject without cutting 
1ooee from general rates and studying specific rates by ages 
both for births and deaths. 

Fecundity.- From a social standpoint birth-rates com
puted in the usual way give an inadequate idea of some 
of the most important matters concerning the increase of 
,POPulation, for they are merely ratios between births and 
total populations, and the ratio of child producers to the 
population is not constant. If we are to .follow the ottatis
tical principle of comparing things which are logically com
parable we sball compute other ratios, such as that between 
births and women of child bearing age and that between 
'!lirths and married women of child bearing age, and we shall 
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separate legitimate from illegitimate births, a.nd take into 
account still-birtbs, tbough always keeping tbem separate 
from living, or true statistical births. 

What are the chief factors which control natality, that 
is, the reproduction of population? The number of mar
riages; tbe effective duration of these marriages, tbat is 
the number of years between the age of tbe bride at marriage 
and the n.atural age when child-bearing ceares; and the fre
quency witb which conception occurs. The number of 
marriages depends upon tbe age and sex composition of the 
population and upon economic and social conditions. The 
effective duration of marriage depends upon the age at mar
riage, especially the age of the bride. Obviously if marriage 
occurs late in life the effective duration of marriage is short
ened. The frequency of conception is said to depend to a 
slight extent upon tbe infant mortality as a shortening of 
tbe period of suckling reduces the child-bearing interval; 
but to a considerable extent this is a mat.ter which is, or 
may be, controlled by the husband and wife. The number 
of still-births also has an influence on the intervals between 
living children. Natality is influenced by other minor 
factors such as the frequency of multiple births. 

Korosi' and others have attempted to compute tables of 
natality, similar to the life tables described in Chapter XV. 
Statistics for Budapest indicated that tbe age of maximum 
fecundity for females reoohed its maximum between the 
eighteenth and nineteenth years, falling steadily to age 
fifty when it practically ceased. Males attain their maxi
mum fecundity at the age of about twenty-five, after which 
there is a steady. decline to age sixty-five or thereabouts. 
It is understood tbat these figures are not physiological 
limits necessarily, but include social and economical con
siderations. Late marriages tberefore reduce the number 

' 1899, Newsholme, Vital St&tiati..,, p. 667. 
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o£ resulting children. Combinations of brides and grooms 
of different ages· results in different probabilities of births. 
The following figures given by Korosi illustrate this. The 
percentages refer to the probability of a birth occurring in 
a year. 

TABLE 48 
RELATION OF AGE TO FECIINDITY 

Probability of a birth occurring within a yeal' 

Fooundity of mothers. Fecundity of fathers. 

Age of 
A&eofmother. 

.Age of 
Age I:Jf father. ,. ...... mother. ...... 3\lyr8. 35 yra. ,.,.... a,&yre. .. ,.... 
----

(l) (2) . (8) (4) (5) (6) {7) (8) ----
P•r p, Per p., Per Pw .... ....,, eenl cent cent cent 

2&-29 36 2.5 21 20 49 .. i6 . 30-34 31 24 20 20--24 43 31 
3&-39 'IT 22 19 2&-29 31 'IT 18 
40-44 ...... 17 14 30-34 33 24 14 
4&-49 ...... 14 11 3&-39 ······ 19 12 
60-1>4 " .. '" " ' . ' . 11 40-4.4 ······ 7 6 .. 

M,.... --
(9) --PM 

cent 
...... 
...... 

8 
7 
3 

Natkmalities differ considerably in the number of chil
dren per marriage. For example, in Russia, the number 
of children per marriage in 1894 averaged as high as 5. 7, 
while in France it was only 3.0. During recent years in 
most countries the birth-rates have fallen considerably. In 

· studying this subject in its social relations, these natural 
conditions of fecundity as influenced by the age composi
tion of the people, the age of marriage and the influence 
of nationality must be taken into account. 

illegitimate births. - Children born to 111llilarricd women 
are called illegitimate or ex-nuptual. In computing general 
birth-rates they are included, but in the study of social 
problems they should be considered by themselves. The 
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illegitimate birth-rate is the ratio between illegitimate 
births and the total population expressed in thousands. 
The percentage of illegitimacy is sometimes computed, that 
is the ratio between illegitimate and total births, but this 
ratio may be misleading as the total number of births depends 
on the marriage-rate, which fluctuates more or less accord
ing to economic conditions. As a measure of morality a 
more useful ratio is that between ex-nuptual births and un
married women of child-bearing age. It is just as important 
to consider the age and sex composition of a population in 
studying illegitimate births as in studying all births. 

Newsholme has given the following interesting compari
sons between two sections of London, Kensington, an 
aristocratic fashionable district, and Whitechapel, a poor 
industrial parish. 

TABLE 49 
BIRTH·RATES m XEN5mGTON AND WHITECRAPEL, xil9x 

Birth-:ra.t&. Lechirnll.to. lllecit.imMo. 

ExC4!188 E-
K&n- White.- in Kfn. ww ... Ia 

sington. ohl\pel, White- flincton. chapdl. White· ·-· obapel. 

···--·· ------ ··----
(1) (i) (3) (4) (5) (6) (!) ---------p., p., 

oont, cent. 
A Pex thousand of popula.-

'!<ion., ... , ....... , ...... 21.8 39.9 83 1.2 1.3 6 
B Pet thousand of women, 

5.4 62 aged 16-44 years ........ 61.6 172.1 177 3,4 
C Per thousand married 

women, tlged 15-44 years 215.4 328.3 53 
D Per thousand, unmar-

4.7 11.4 136 ried women, tlged 15-44 ······ ... 
years. 
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We see from this table' that on the basis of married 
women of child-bearing age the birth-rate in the industrial 
district of Whitechapel was only 53 per cent greater than 
in the fashionable district of Kensington. On the basis of 
the general birth-rate or the rate computed for all women 
of child-bearing age the difference between the two districts 
would have been said to be much greater. In Kensington 
there were many unmarried servants. The illegitimate 
birth-rate computed on the basis of total population was 
only 6 per cent greater in Whitechapel than in Kensington, 
but on the basis of unmarried women of child-bearing age 
it was 136 per cent greater. This is an excellent example 
of the necessity of considering specific rates in the study 
of illegitimacy. Fallacious conclusions in regard to the 
relative morality of different nationalities, of urban and 
rural districts, of different states and cities have resulted 
from failure to take the proper ratios as a basis of 
study. 

v .... 

1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 

TABLE 50 

MAR1UAGE-RATE1 MASSACHUSETTS 

Penmns tnarriod P4'r 
1000 rnpulatioo. Year. Pereone ma.rried par 

1000 population. 

17.4 1910 18.2 
17.3 1911 18.6 
17.5 1912 17.6 
17.9 1913 17.6 
16.9 1914 17.9 
18.1 1915 17.0 
19.5 1916 18.2 
20.1 1917 19.8 
17.3 1918 14.9 
16.2 1919 17.9 

1920 19.7 
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Marriage-rates. - The marri.l.tge rate is found by dividing 
the number of persons married in a year by the estimated 
mid-year population, expressed in thousands. The wed
ding-rate would be one-half of the marriage-rate. In some 
places this· wedding-rate is called the marriage-rate, but 
this is not according to present-day practice. To prevent 
misunderstanding it is a good plan to use the expression 
"persons married per 1000 population." 

The whole subject of nuptuality offers an interesting 
field for the application of the principles of statistics but 
will not be' taken up in this book. 

Divorce-rates. - Similarly the divorce rate is found by 
dividing the number of persons divorced in a year by the 
mid-year population. 

Divorce in the United States is becoming more and more 
important as a social problem. The conditions are dif
ferent in different states. In Massachusetts the dsta, ob
tained originally from court records, are published in the 
State Registration Report. The following figures are from 
the report of 1914. 

The divorce-rate, based on an average for five years of 
which the census year was the median, has increMed as 
follows. 
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TABLE 51 
DIVORCE-RATE, MASSACHUSETTS 

By 11ve year periods 

Median A verageo rate Av~per 
per 100,000 100,000 of mar-·-· population. rled populAtion. 

(l) (2) (3) 

1880 30 ......... 
1890 32 86 
1900 47 123 
1905 58 158 
1910 56 146 
1915 62 156 
1920' 95 " . .. . , . 

1 This year only, 

The relative number of divorces granted to wives is 
larger than the number granted to husbands. At present 
the' ratio is in round numbers 7:3. 

The percentage distribution of divorces according to 
· cause h!IS been as follows: 

TABLE 52 
CAUSES OF DIVORCE, MASSACHUSETTS, 1900 to 1920 

Granted to Granted to 
husband. wife. 

Ill (2) (3) 

Per oont. Percent. 
I>esertion .................................... . 
Adultery. . . . . . . .. . . .. .. . . .. . . . .. . . .. , ... .. 
Cruel and abusive treatment, , . . . . .. , .. , , .. . 
Intoxication ................ , . . . . . . . . ....... . 
Nullity of marriage ....................... . 
Impotency ........................ : .. . 
Neglectto provide ............. . 
Imprisonment ....... . 

63.3 42.0 
26.0 8.2 
3.7 31.7 
5.7 12.7 
1.1 0.6 
0.2 0.3 
' 4.2 

0.3 
Total. ....... , ... . 100.0% 100.0% 

1 Leee than o .1 per oont. 
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About four out of every five applications for divorce in 
Massachusetts are granted. About nine out of ten are not 
eon tested. 

The distribution of divorces according to the duration 
of marriage is interesting. In 1920 the average duration 
of the marriage at the time application for divorce was 
made 10.7 years. The 4373 applications were distributed 
as follows: 

TABLE 58 

DlllL\TION OF MARRIAGES ENDING IN DIVORCE 

Duration of p(ll' (I(IUt ol 
martiag~. applioatioM. 

(I) (2) 

o- 6months 1.0 
11-11 " 1.1 
1-4 years 21.2 
iH) " 31.5 

Jo-t9 32.8 
2()-29 9.8 
30 2.6 

Total. .......... 100.0 

In discuasions of the divorce problem comparison is 
110metimes made between marriage-rates and divorce-rates. 
This is not a logical comparison. Why? The student must 
begin to answer such questions as this on the basis of his own 
reasoning. 

The U. S. Bureau of the Census has estimated the prob
ability of divorce' as npt Jess than 1 in 16, and probably 1 
in 12. This figure was based on the statisti~s of 1900, and 
mea.n.s that one marriage in every 16 would probably be ended 
by divorce instead of continuing until " death do us part." 

• Marriage and Divorce, 1867-1006, Vol. I, pp. 23, 24> 
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This general figure must not be taken too seriously, as it 
includes all classes of people living under many different con· 
ditions and represents past rather than present conditions. 

Divorce statistics ought to be studied specifically, just as 
much as births and deaths. 

Natural rate of increase.- The difference between the 
birth-rate and the death-rate gives the natural rate of 
Increase (or decrease) io population per 1000 inhabitants. 
In the absence of immigration and emigration, and if the 
data are correct, the excess of births over deaths will cor
respond with the increase of population as revealed by the 
eensus counts. This may be illustrated by the statistics of 
Sweden from 1750 to 1900. 

TABLE 54 
INCRIIASE OF POPULATION IN SWEDEN 

~· 

Per 1000 ol population at middle or period. 
Population at end 

Year. ofgiven:r~ Emigration (aom· (thousandrt). lnr.1'00114!1 us ahown Excess or birth• 
by_.._ over ;:Jeatbs. p-utciid from last 

t'l\ro eolumll8). 

(l) (2) (3) (<) (5) 

--
1750 1781 8.89 8.89 0.00 
1760 1925 7.76 8.43 0.67 
1770 204.~ 5.92 6.60 0.68 
1780 2118 3.71 4.14 0.43 
1790 2188 8.22 4.08 0.81 
1800 2'J47 6.99 7.96 0.97 
1810 2396 2.04 2.63 0.59 
1820 2584 7.60 7.52 -0.08 
1830 2888 11.02 11.00 -0.02 
1840 3139 8.32 8.69 0.37 
1860 3482 10.39 10.51 0.12 
1860 8860 10.36 11.10 0.74 
1870 4169 7.57 11.24 3.67 
1880 4566 9.05 12.21 3.16 
1890 4785 4.69 12.12 7.43 
1900 5136 7.13 10.78 3.65 
1910 5522 8.40 10.62 2.22 
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The figures in the last column show that there was very 
little emigration before 1870, but that since then the losses 
by emigration have been consiflerable. It is quite likely, 
however, that some of the early birth-rates were not as 
accurate as the more recent ones. 

Comparison of general rates.- The object of computing 
gross death-rates is to enable us to compare the general 
mortality in places of different size and of different years 
in the same place; and yet, as will be demonstrated in the 
next chapter, such comparisons are very apt to be mis
leading unless the percentage composition of the popu
lation remains substantially constant in all the places and 
in all the years which are compared. One naturally asks, 
" Why, if such is the case, should we compute it at all? " 
The answer is that in a general and crude way the gross 
rate does show differences i11 the mortality of different 
places, and that in any given place the composition of the 
population changes slowly from year to year. Large differ
ences in general death-rates may be significant, but small 
differences are usually not significant. 

What is true of general death-rates is also true of birth
rates and marriage-rates. Far too much attention in 
studies of vital statistics is given to comparisons of general 
rates. Such comparisons are likely to be superficial and 
sterile of results. Nevertheless one should have a general 
appreciation of the changes which have taken place in 
birth-rates and death-rates throughout the world during 
the last fifty years. A few examples will be given, but 
the reader should consult more extended works on the 
subject and compile for himself tables of rates taken from 
official reports. 

Marriage-rates, birth-rates and death-rates in Sweden. 
- One of the longest records of birth-rates, marriage-rates 
and death-rates is that of Sweden. Table 55 shows these 
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rates from 1749 to 1900. The death-rates and birth-rates 
are also shown in Fig. 63. It will be seen that the birth
rate has had a general downward trend for along time, but 
especially during the last fifty years. The death-rate has 
fe.llen more than the birth-rate so that. the natura.! in
crease has risen. Of course, there have been fluctuations 

·and some very abnormal ratcl! will be found. As one would 
nature.lly expect the birth-rate hu fluctuated synchro
nously with the marriage-rate. At intervals great epi
demics have occurred which carried the death-rate far above 
the birth-rate. As a statistical series this diil.gram is de
serving of careful study. The dotted line shows the" mov
ing average " referred to in Chapter II. 



MARRIAGE-, BIRTH- AND DEATH-RATES, SWEDru.. 259 

TABLE IllS 

JIARRIAGE-RATES, BIRTH-RATES, AND DEATH-RATE~ 
Sweden, 1749-•900 (Alter Sundblrg) 

...... Rirth~ ~th· Natural Mar- Birth- Death- Natutal y..,, ,... .. , .... rato •. I•· v ..... "- ..... ... ... inc:t"UMM. 
"'"'· """"'· rate. 

- -------- ----------
(I) (!) (3) (4) (6) (I) (2) (3) (<J (.1) - ·--------

1749 17.10 33.82 28.13 5.69 

1750 !8.48 86.40 28.83 9.57 1780 17.00 85.70 21.74 13.96 
1751- 18.54 88.63 26.18 12.45 1781 14.66 38.46 25.55 7.91 
1752 18.52 35.91 27.34 8.57 1782 15.36 32.05 ,27.26 4.79 
1753 17.42 36.12 24.03 12.09 1783 15.98 30.33 28.11 2.22 
1754 18.00 37.22 26.33 10.89 1784 14.96 31.53 29.75 1.78 
1755 18.32 37.52 27.38 IO.H 1785 15.64 31.43 28.30 3.13 
1755 17.00 36.12 27.66 8.46 1786 16.04 32.89 25.04 6.95 
1757 15.04 32.61 29.92 2.69 1787 15.00 31.47 23.96 7.52 
1758 16.14 33.42 32.37 1.05 1788 16.78 33.87 26.68 7.19 
1759 19.50 33.62 26.27 7.85 1789 15.86 32.01 38.13 -1.12 

1760 19.52 35.70 24.78 10.92 1700 16.1l0 30.48 30.43 0.05 
1761 18.88 34.82 25.80 9.02 1791 21.68 32.63 25.49 7.14 
1762 17.92 35.08 31.22 3.86 1792 20.02 36.58 23.90 12.68 
1763 17.28 84.98 32.90 2.08 1793 17.30 34.39 24.27 10.12 
1764 17.58 34.70 27.24 7.46 1794 16.36 33.79 23.60 10.19 
17611 16.30 33.41 27.68 5.73 1795 15.18 32.04 27.94 4.10 
1786 16.54 35.36 25.06 10.30 1796 17.24 34.68 24.65 10.03 
1767 16.54 35.36 25.63 9.73 1797 16.88 34.77 23.81 10.96 
1768 16.92 33.61 27.17 6.44 1708 16 58 33.68 23.08 10.60 
1769 16.26 33.06 27.16 5.91 1799 H.70 32.02 25.18 6.84 

1770 16.24 32.08 26.06 6.92 1800 ~~:~ 28.72 31.43 0.9 
1771 15.52 32.24 27.71 4.47 1801 ~~:~ 30,04 26.08 3.116 
1772 13.64 28.89 37.41 -8.52 1802 15. 31.72 23.71 8.01 
1773 15.5~ 25.52 52.45 -26.93 1802 16.38 31.36 23.77 7.59 
1774 8.77 34.45 23.36 12.09 1804 16.14 31.00 24.87 7.08 
1775 18.90 35.63 24.84 10.79 1805 16.74 31.73 23.48 8.25 
1776 18.02 32.92 23.50 10.42 1806 16.08 30.75 27.51 3.24 
1777 18.14 33.03 24.93 8.1!1 1807 16.40 31.16 26.22 5.94 
1778 18.10 34.82 26.65 8.17 1808 16.24 30.39 34.85 5.54 
1779 17.34 36.70 28.50 8.20 1809 15.62 26.67 40.04 13.37 
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TABLE 55 

MAlUUAGE-RATES, BmTB-RATES, AND DEATH-RATES 

Sweden, 1749-1900 (Alter Sundblirg) 
-

Jl!&r. lllrlh· Death· Natuml Mar· Birth~ }).e,ath~ Natural ...... ''- rata. ,.,., in~ """'· riag~ ...... rate . lnortW!e. ..... ........ "'"'· --------------------
(I) (I) (3) (4) (5) (1) {2) (S) (i) (6) ----------,----------

1810 21.52 32.95 31.57 1.38 184Q 14.14 31.43 20.35 11.08 
1811 21.32 30.30 28.81 6.49 184! 14.34 30.83 19.42 10.91 
1812 18.26 33.57 30.27 3.30 1842 14.22 31.65 21.00 10 59 
1813 15.48 29.74 27.37 2.37 1843 14.38 30.78 21.45 9.83 
ISH 15.041 31.19 25.07 6.12 1844 14.88 32.15 20.27 11.88 
1815 19.22 34.77 23.59 11.18 "1843 !4.58 31.45 18.88 12.62 
1816 19.60 35.32 22.66 12.66 1846 13.80 29.94 21.88 8.11 
1817 16.68 33.40 24 25 9.15 1847 13 64 29.58 23.69 5.89 
1818 16.~ 88.88 24.37 9.4(1 1848 14:::: 30.33 19., 10.65 1819 16. 32.99 27.36 5.63 1849 15. 32.84 19.8 13.00 

1820 16.88 32.97 24.46 8.51 1850 15.18 31.89 19.79 12.10 
1321 17.62 35.44 25.57 9.87 1851 14.72 31.74 20.72 1102 
1822 18.58 35.88 22.59 13,29 1852 13.68 30.69 22.70 7.99 
1823 17.98 3688 21.02 15.81 1853 14.40 31.37 23.66 7.71 
1824 17.66 34.56 29.77 13.79 1854 15.38 33.50 19 76 13 74 
1825 17.29 36.49 20.54 15.95 1855 15.04 31.75 21.45 10.30 
1826 16:~ 34.84 22.61 12.23 1856 14.88 31.47 21.77 9.70 
1827 14. 31.30 23.05 8,25 18.57 15.50 32.43 27.58 4.85 
1823 15.82 88.61 26.74 6.87 1853 16.22 34.77 21.69113.08 
1829 15.82 34.85 28.97 5.88 1859 16.56 34.99 20.13 14.86 

1880 15.46 32.91 24.08 8.83 1860 15.601 34.83 17.65 17.18 
1831 13.80 30.49 26.00 4.49 !861 U.54 32.57 18.47 14.10 
1832 14.38 30.86 23.38 7.48 1862 14.52 33.38 21.40 11.98 
1833 15.66 34.11 21.74 12.37 1855 14.52 33.62 19.33 14.29 
1884 16.02 33 74 25.68 8.06 1864 13.96 33.61 20.25 13.36 
1885 15.00 32.67 18.55 14.12 1855 14.14 32.81 19.36 13.45 
1886 14.34 31.84 19.97 11.87 1866 13.44 33.11 19.98 13.13 
1837 13.80 30.84 24.65 6.19 1867 12.18 30.83 19.64 11.19 
1888 12.18 29.37 24.10 5.27 1868 10.92 27.47 20.98 6.49 
1839 13.54 29.49 23.56 5.93 1869 11.23 28.25 22.27 5.98 

I 
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TABLE 51i 

M.AlUUAGE-RATES, BIRTH-RATES, AND DEATH-RATES 
Sweden, '749·I900 (After Sundbllrg) 

MaO' Birtb· Dt'llth· Naturnl Mar· Birth· Death- Not ural y.,.., riage- In- Yw. ..... 
rate. ...... ..... ctl)t!Ae. rate. mte. rate. inCtWJJe . 

- -- ------ ---- ------
(!) (2} (3) (4} (5} (1) (2) (3} (4) (5) - - -- -- -- ----------

1870 12.04 28.78 19.80 8.98 1900 12.30 27.00 16.84 10.16 
1871 12.98 30.42 17.21 13.21 1901 12.14 27.03 16.05 10.98 
1872 13.86 30.04 16.28 13.76 1902 11.92 20.48 15.37 11.11 
1873 14.62 30.80 17.20 13.60 1003 !l.56 25.70 15.09 10.61 
1874 14.54 30.85 20.32 10.53 1904 11.70 25.75 15.29 10.46 
187.> 14.10 31.17 20.27 10.90 1905 !1.70 25.66 15.62 10.04 
1876 14.16 30.84 19.59 11.25 1905 12.26 25.70 14.87 11.33 
1877 13.66 31.07 18.66 12.41 1907 12.42 25.53 14.69 10.94 
1878 '12.94 29.83 18.06 11.77 1908 12.24 25.70 14.91 10.79 
1879 12.58 30.52 16.94 13.58 1909 11.94 25.58 13.67 11.91 

1880 12.64 2936 18.10 11,26 1910 12.06 24.66 14.04 10.6'~ 
1881 12.38 29.07 17.58 11.39 1911 u.76 28.9\l 13.80 10.19 
1382 12.66 29.35 17.36 12.00 1912 11.98 23.80 1U9 9.61 
1883 12.86 28.94 17.31 11.53 1913 11.86 23.16 13.65 9.51 
1884 12.06 30.01 17.53 12.48 1914 11.64 22.88 13.84 9.04 
1885 13.26 29 44 17.75 11.69 1915 11.66 21.59 14.67 6.92 
1885 12.82 29.76 16.61 13.15 1916 12.22 21.22 13.56 7.66 
1387 12.00 29.66 16.13 13.53 1917 12.30 20.91 13.39 7.52 
1888 11.84 28.78 15.9\l 12.79 1918 13.30 20.27 17.94 2.83' 
1889 11.98 27.74 15.99 11.75 1919 13,84 19.64 14.46 5.19 

1890 11.98 27.95 17.12 10.83 1920 14.58 23.57 13.29 10.28 
1891 11.66 28.27 16.81 11.46 
1892 1!.38 26.98 17.88 9.10 
1893 11.30 27.86 16.88 10.53 
1894 11.48 27.10 16.38 10.72 
1895 11.74 27.49 15.19 12.30 
1896 11.90 27.18 15.64 11.54 
1897 12.12 26.67 15.35 11.32 
1898 12.28 27.11 15.08 12.03 
1809 12.48 26.35 !7.65 8.70 

1 Year of inftueX~ZB epidemic. 
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Downward trend in birth-rates and death-rates. -
For nearly half a century there has been a general down
ward trend in the birth-rates and death-rates of almost all 
civiliz~d countries. There is space here for only a few 
J!gures which represent averages for quinquennial periods. 
They are taken from the reports of the Registrar-General 
of England. 

TABLE li6 
CHRONOLOGICAL CRA.l'IGES lN VITAL l!ATES 

Country. Quhtquemtial a~. 

-------·--------· -·--
I881~1i 1886-90 1891-5 1896410 ~~~ lUU-16 

(l) (2) (a) (t) (5) (6) (7) (8) 

'birth-ta~ 

England and Wales 33.6 31.4 30.6 29.3 28.1 26.3 23.6 
Germany 81.0 36.5 36.3 36.0 34.:l 32.7 .... 
France 24.7 23.1 22.3 21.9 21.2 19.9 .... 
Hungary 44.6 43.7 41.7 39.4 37.2 37.0 .... 

Death•rates. 

England and Wales 19.4 
Germany 25.3 
France 22.2 
Hungary 33. 1 

··-···r ... - .. - .. -·-.. ·-·-.. -
18.9 18.7 17.7 16.0 14.7 14.3 
24.4 23.3 ID.2 W.9 IT.5 .. . 
22.0 22.3 20.7 19.6 19.2 .. .. 
32.1 31.8 27.9 26.2 25.0 .. .. 

nates f)f natural ineroaee .. 

England and Wales 14.1 12.5 11.8 11.6 12.1 11.6 9.3 
Germany II. 7 12.1 13.0 14.8 14.4 15.2 .... 
France 2.6 1.1 0.0 1.2 1.6 0.7 .... 
Hung!l.l'y 11.5 11.6 9.9 11.5 11.0 12.0 .... 

---------·-
In most countries the natural rate of increase tends to 

lie between the limits of 8 and 14 per 1000, i.e., between 
0.8 and 1.4 per eent, but sometimes it runs above 1.4 per 
cent or below 0.8 per cent per year. France is an example of 
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a.n extremely low rate of natural increase. In Germany both 
the birth-rates and death-rates have been higher than in 

. England. In Hungary both r!l-tes have been much higher 
than in Germany, yet the rate of natural increase has been 
lower. The student should seek to explain all of these facts. 

Since the Great War the birth-rates in many countries 
have been lower and the death-rates higher than before. 
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Fto. 64.- Estimated Death-rates and Populatio!lll, Massachu
setts, 1900-1910. 

Variations due to population estimates. Some of the 
\'Al'iations in the general death-rates from year to year are 
due to the use of incorrect population estimates. The 
following comparison is interesting. 

Fig. 64 shows the populations and death-rates for the state 
of Massachusetts from 1900 to 1910, based on the following 
data: • 

' Registration Report, 1914, p. 176. 
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Year. 

(l) . 

1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 

TABLE 57 
DEATH-RATES: MASSACJroSll'l'TS 

Population. Dftat.ba. 

(2) [3) 

S,806,846 (census) 51,156 
2,849,047 48,275 
~.889,386 47,4\H 
2,929,726 49,054 
2,970064 48,482 
3,0lii,8?S (census) 50,486 
3,089,029 50,624 
3,102,186 54,234 
3,235,348 51,788 
3,308 500 .51,236 
3,3"80,161 (census) 54,407 

Dos,th-rateo. 

(4) 

18.2 
16.9 
16.4 
16.7 
16.3 
16.7 
16.4 
17.2 
16.0 
15.5 
16.1 

The upper diagr~>m shows the estimated population as 
a uniform change from 1900 to 1905 and again from 1905 to 
1910. The death-rates computed from the actual dea.tha 
I'Ud estim~>ted populations are seen to vary irregularly. 
But suppose we assume that the changes in death-rates 
between 1900 and 1905 and 1905 and 1910 are oniform. 
Then we can compute the changes in population from 
these estimated rates and the actual deaths. The results 
are shown in the lower diagram. Do these irregular fluc
tuations seem to be reru;onable? 

There is no way of telling exactly how much of the in
crease or decrease in the general death-rate is due to actual 
increase in mortality and how much to error in the esti· 
mated population. Both factors are involved. 

Birth-rates and death-rates in Massachusetts. - Fig. 
65 shows the annual variations in birth-rates and death
rates from 1850 to 1920. The stars indicate the so-called 
panic years, or years of business depression. The tendency 
has been for the marriage-rate and the birth-rate to fall 
for a number of yea.rs after a period of depression. Since 
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1892 the death-rate has decreased considerably. The 
general synchronism between the birth-rate and the death
rate should be noticed, - and also the numerous excep
tions to the rule. The increased dP.ath-rate in 1918 due to 
the epidemic of influenza is striking. 

In recent years there has been a marked tendency towards 
uniformity in the death-rate, not only in the state liB a 
whole from year to year, but among the subdivisions of 
the state in any given year. 

The fluctuations from year to year are due in part to 
incorrect estimates of population. 
· Monthly death-rates in Massachusetts. - The general 

death-rate is not constant throughout the year, but varies 
· seasonally. There are several ways in which this may be 

shown. The following figures are for the state of Massa
chusetts for the year 1920. 

TABLE 58 
MONTHLY DEATH-RATES: MASSACHUSETTS, 1920 

Month. Roto. Per cent of 
annunl rate. 

(I) (l!J (l!J 

Jan. 15.69 113 
Feb. 24.90 180 
Mar. 16.65 120 

Apr. 14.35 104 
May 13.23 96 
June 11.83 82 

July 10.36 74 
Aug. 11.15 80 
Sept. 11.82 85 

Oct. 11.97 86 
Nov. 12.39 80 
Dec. 13.14 95 
Year 13.90 100 
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Monthly rates vary considerably from year to year in 
~die same place and are different for different places . 
. ·Ofimatio conditions have an influence on these short term 
rates. The chance occurrence of communicable diseases 
also has its effect. Weekly rates fluctuate even more 
widely than monthly rates, and daily rates a fortiori. 

The student should compute and study monthly rates 
for places where the climatic conditions arc different. 

Marriage-rates in Massachusetts. - Marriage-rates rise 
81ld fa.ll periodically. The rate is influenced by social and 
economic conditions, by the age distribution of the popu
lation, the ratio of the sexes at marriageable age, by nation
ality, and by many causes. There has been no steady 
downward trend in the marriage-rate as in the case of the 
death-rate and birth-rate. There is, however, a seasonal 

. variation. .June and October are the most PQpular months 
for weddings. 

In 1920 the Massachusetts marriage-rate for the year was 
19.7; in June it was 38.8, in Octobm·, 26.4, but in Mlll'ch 
only 7 .4. There were five times as many weddings in June 
a.s in March. 

Since 1870 the median marriage-rate in Massachusetts 
ha.s been 18.0. After the panic of 1873 the annual rates for 
several years ranged between 15 and 16.5, and after other 
periods of business depression they have been below 17. 
The highest annual rate in nClll'ly fifty years wa.s during 
1871 and 1872, when it W!l!l 21.1 per thousand. 

The published statistics of marriages generally include 
tables classified according to the age and nativity of the 
bride and groom; the number of the marriage (whether first, 
second, third, etc.); and the previou·s state of the· persons 
wed (whether bachelors, maids, widowers, or widows). 

'Divorce-rate in Massachusetts. - In 1920 the number 
of persons divorr.ed was 1.89 per 1000 PQpulation; in 1915 
the rate was 1.22; in 1910, 1.15; in 1890, 0.58; in 1870, 0.52. 
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Limited use of general death-rates (gross rates). -
General death-rates are composite figures. They eover 
the entire population, both sexes, all ages and nationali
ties, all occupations, all eauses of death, while the estimatss 

· of population are often inaccurate. Fluctuations from year 
to year depend in part on the size of the population, in part 
upon the composition of the population, as well as upon 
causes of death. Under these conditions it is evident that 
they cannot be safely used as an index of mortality condi
tions in different places and for long periods of time in any 
one place. 

A general death-rate, or gross death-rate. is of little use 
until it has been analyzed. · 

The " total solids " in a wat;er analysis gives the chemist 
almost no idea of the quality of the water: it is necessary to 
separate the "solids" into their constituent parts. In the 
same way a general death-rate must be broken up into its 
constituent parts. At the present time the anaiYJJiS of 
death-rates is practiced but little. Death-rate analYJJis 
today is in about the same condition that water analysis 
was in fifty years ago. 

The necessary analysis cannot be made until the im
portant subject of specific death-rates has been considered 
in the next chapter. 

The birth-death ratio. - Dr. Raymond Pearl' has given 
the name " vital index" to the ratio between births a.nd 
deaths. If 100 births + deaths exceeds 100 the popula
tion is growing and is biologically healthy; but if the ratio 
is less than 100 the population is decadent. Valuable use 
can be made of this ratio, especially in studying the biolog
ical conditions of the component parts of a population. 
For example, in New York State in 1918 the vital index for 

th t . h't . 100 (Births of whites of native parents) 
e na 1ve w 1 es, I.e. --··o··· ths. fall t' hit . e.a. o na tve w es 

1 loe. cit. 



THE BffiTH-DEATH RATIO 269 

was only 82.1; but the vital indeJt for the foreign-born, i.e, 
100 (Births of whites, both parents foreign) 

176 3 
I 

Deaths of foreign-born whites was · · n 
order to use this index to the best advantage it is necessary 
to apply it to specific classes or groups of the population. 

Taking the entire registration area of the United States, 
Pearl finds the following indices. 

Total population ... 
Urb•n ............. 

·TABLE 59 

VITAL INDICES, xpx8 

Native 
whites. 

l'nNI•n 
born whitea. 

., . ' ... 118.8 151.8 

........ 93.2 166.9 
Rural .... . ........ . " .... ' .. 144.8 118.8 

N"'""". 
93.7 
66.8 

118.4 

These figures speak for themselves. The data for the differ
ent parts of the country are striking, as the following figures 
for 1917 show. 

Nati.v<~ 
whit-.. 

TotaL. .. ,. SSJi 

~····· 92.1 
77.4 

Native 
whit.. 

Tot.! ...... 23US 
Urbal),,, .. 178.4 
R .......... ..... 

TABLE 60 

VITAL INDICES, 1917 

Ma~SaChusettfl. 

Forei:f Ne;rot&. Native 
born• tes. whites. 

239.6 11$.3 U4..4 
uu t1L3 Ut.7 
207 .• 128.4 114.3 

Wisoorutin. 

Foreign 'N"ative 
boru whites. N...-. whla 

.... 604 2M)_4, 
142.2 75.0 148.0 
57,6 37.1 ..... 

Vermont. 

---
F ...... 

bol'D. wliitea. Negl:'I'JeS. 

J37 .a 116.7 
147 .s 100.0 
134.7 125,0 

·-
North Carolirut, 

" . bw~tir- Negroo~. 

106.3 173.1 ... 78.1 
100.3 190,3 
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In New England and New York the native populatio1 
is not reproducing itself; and praetically everywhere tht 
foreign-born population is showing a higher degree of vital· 
ity than the native-born. There are no data available 
to show the vital index for the "old New England stock," 
but it is probably much lower than the figures given 
above for Massachusetts native born. Pearl has made 
an interesting study of race-mixing in the United States, 
- that is, the mating of foreign and native born persons 
who produce offspring. This mixing takes place to a 
greater extent a.mong the American-born than among the 
foreign~born. He says that to bring about Americaniza
tion what is necessary is to break up the segregation of 
foreigners. " Give the foreign elements a chance to meet 
and really know the native population and the melting pot 
promptly begins to seethe and bubble." 

The ideal death-rate. __; Is there such a thing as an ideal 
death-rate? At present our general death-rates are falling. 
They cannot continue to fall forever, for man is mortal 
and all must die? A large part of the decrease in the 
death-rate can be traced to sanitary, hygienic and medical 
improvements. Another part may be due to a lowering 
birth-rate following a relatively high birth-rate, or in other 
words to an increasing ratio of persons in the young and 
middle-aged groups. This condition will not continue 
permanently. In due course the young will become middle 
aged and the middle aged will become old, the excess of 
population will enter those age-groups where the specific 
death-rates are high and this will cause the general death
rate to rise. Or the birth-rate will rise and temporarily 
tbis will raise the general death-rate. 

Unless public health officials learn how to view general 
death-rates in a proper light- a good way being not to 
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view them at all- they may be surprised and discoumged 
some day to find that the death-rate is rising. 

The Great War in a most horrible and pitiful way cut 
out a large number of males in the middle-aged groups ill 
many countries, Temporarily this will increase the gen· 
era! death-rate. On the other hand these young men will 
not live to enter the old-a,;e groups where the specific 
death-rates are high. What effect will this have on the 
future trend of the death-rate? What effect will it have on 
the birth-rate? 

Perhaps it may be for the best interest of the race that 
the general death-rate be higher than it now is. This 
would be the case if there should be more babies and more 
grandfathers and grandmothers. To answer the ques
tion as to what is the lowest practicable death-rate we 
must first decide what is an ideal distribution of popula
tion as to age and sex, and then consider what diseMes at 
the different a,;es we can rellllOnably expect to eliminate. 
It is an interesting problem for thought and diseUllSion, 
but one upon which no two people are likely to agree. 

EXEI!.Cis:ES Al'fD QUESTIONS 

1. Plot. the general death-rates of M""""'*'usetts by years from 1850 
tc date. Connect the points with straight lines. Then draw straight 
lines connecting the death-rates for the years divisible by ten. Why is 
the resulting curve so regula..r? Conneet the points for years ending in 
9. Why is the resulting curve "" irregular? ' 

I. Compare the published statistics for tuberculosis as given by 
looal, state and federal authorities. Explain the differences. [See Am. 
J. P. H., May 1913, p. 431.] 

8. Co~puf:<l the following death-rat..,, carrying the reoults only "" 
far a.e aoetttlley warranb:!:., 
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Pupu.latioo Deaths PM year 

·-···---·---· 
5,461,200 70,210 

261,500 2,913 
35,000 421 
5,260 98 

897 17 

L How does the marriage-rate ordinarily compare with the ratio 
of marriages to persons eligible to ma.rriage (bachelors, spinsters, wid
o....,.,, widows and divorced persons, all of marriageable Sj!e)? [News
hobne'.s "Vital Statisti~,', p. 58.J 

6. How do the marriage-rates in cities compare with those in rural 
districts? 

6. Is the marriage-ra.te a reliable 11 barometer of prosperity," as 
Dr. Fa.rr called it? 

7. What effect has war on the marriage-rate? 
8. What proportion of marriages are remarriages? 
9. Are :rmnarriagas more common among widowers or widows? 
10. Prepare a table showing the marriage staW (single, warried, ' 

widowed, divorced) of the population of some civil division for each 
sex and for difierent age-groupe above age fifteen. [Consult censns 
reports.] 

11. At what ages do people in different social positions marry? 

12. What changes, if any, have taken place in the 9j!e of ~ 
among people of different. social position during recent yeam? 

13. How do the general birth-ratee for urban and l'llrlll diotriots 
compare wiih each other? 

14. How do the birth-rates for urban and rural district.s compa.re 
with each nther if based on the number of married women of child· 
bearing nge? 

16. What relation io there between birth-rates bMCd on married 
women of child-bearing 9j!e and the eocial JlOIIition of these womeo? 

16. What relat.ion is there between the birth-rate thus computed 
aad the age of marriage? 

17. What influeoce hw! war on the general birth-mte? 
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18. What influence haa national prosperity on fecundity? 
· 19. How do the general birth-rates compare for ditleront political 

cotmtries1 such as England) Ireland, F'rance, Germany, Austria, Bel~ 
pum, etc. 

:10. How do the birth-rates for different nationalities in the United 
St&tes oomparc with each other? 

11. How does the birth-rate for the Irish in Ireland ooropare with 
thet of the Irish in M""""chusetts? 

91. How do the birth-rates among C.tholies oompare with thet 
among Protestants? Consult the statistics of Canada, especially the 
provinece of Ontario and Quebec. 

13. What l<J the ratio of me.les to females among births? 
M. What is the ratio of males t.o females among still-births? 
16. What is the ratio of males to females among illegiti!llllte births? 



CHAPTER VIII 

SPECIFIC DEATH-RATES 

Although general death-rates have their uses, something 
more is needed if statistics of mortality are to be used 
to their best advantage. The tendencies of human beings 
to die are not constant; diseMeS differj in their fatality; 
persons of different age differ in susceptibility to disease; 
sex, nationality, connubial condition are likewise variable 
factors. One cannot properly use mortality statistics in 
.public health work without taking these factors into ac
count, at least without considering the most important of 
them. This brings us to a consideration of specific death
rates. General death-rates are ratios between the entire 
population of a given place and all deaths which occur in 
a year. We may restrict these rates in several ways. 

Restrictions of death-rates. -We may consider a 
shorter period thsn a year, and compute the rate for a month 
or a week and thus obtain a partial rate or a short-term 
rate as described in the previous chapter. This, however, 
is not usually classed as a specific rate. 

We may restrict the computation to a special class or 
group of the population; that is, we may take into B<mount 
only males or only females and compute the dea.th-rate 
for them alone. These would be speeific death-rates by 
sex. We may consider each age-group by itself and find 
the death-rate for it alone. This would be to compute · 
specific death-rates by age-groups. Or we may take only 
persons of the same nationality or occupation and com
pute specific death-rates for them. 

ll74 
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Again we may consider separately the different causes o1 
death, and compute specific death-rates for tuberculosis, 
for scarlet fever, or for cancer. 

Finally we may consider particular diseases &nd at the 
same time restrict the computation to certain classes or 
groups of people; thus we may compute the "typhoid 
fever death-rate for males in age group 15-19 years." 

It has been suggested that these various modes of r~?
striction might be designated by such expressions as 
'

1 special" death-rates, "particular" rates, a limited" rates, 
etc., but apparently the common expression "specific " 
death-rate serves every useful purpose. . 

It is the purpose of the present chapter to describe the 
methods of computing specific rates and to call attention 
to their importance. It is not too much to say that an 
understanding of specific rates is the key to the interpretation 
of llita! statistics. Failure to appreciate the important influ· 
ences of age is alone responsible for scores of fallacious 
conclusions derived from tables of vital statistics. 

Age.- The span of human life has been divided into age 
periods in many different ways. Shakespeare 1 vividly 
describes the seven ages of man. 

Jaq1U18: All the world's a stage, 
And all the men and women merely players: 
They have their exits and their entrances; 
And eaoh man in bi.s time plays many po.rts, 
His acts being aeVll!l ages. At fust the infonl, 
Mewling and puking in the nurse's a.rms; 
Tlt<n th.o whining school-boy, with his AAI<lhel 
And shining morning fa.ce, creeping like snail 
Unwillingly to school; and then the lover, 
Sighing like furnace, with a woeful ballad 
Made to hia miatmiiS' eyebrow; then a 80oldier, 
FuU of strange oaths and b<oarded like the pard, 

• Jaques in A• You Liles It, Aet II, Soene VII •. 
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Jealous in honour, sudden and quick in quam!, 
Seeking the bubble reputation 
Even in the cannon's mouthi and then the juatieeJ 
In lair round belly with. good capon lin' d., 
With eyoo ae"Vere and beard of formal cut, 
Full oi wise saws and modem instances; 
And so he plays his part; the si•th ago shilts 
Into the lean a.nd slipper'd pantaloon, 
With spectacles on nose n.nd poueh on side, 
His youthful hose well sa.v'd, 11r world too wide 
For his shrunk shank; a.ud his big manly volee, 
Turning again toward childish treble, plpes 
And whistles in his sound; last scene of all, 
That ends this strangtli eventful history 1 

Is Second childishness and mere oblivion, 
Sans teeLh, sans eyes, sana taste; sans every thing. 

Just where to draw the age lines between Shakespeare's 
seven ages is a rnost dif!kult matter and it would be hard 
to get any two people to agree. The divisions suggested in 
Fig. 66 are merely for provoking discussion. 

Physiologically seven fairly distinct states may be recog· 
nized- the pre-natal state, infancy, childhood, youth 
(maidenhood), early manhood and manhood (child-bear· 
ing age and maturity), and finally old age, or senility, 
The age limits of the early groups are fairly well marked. 
The later groups are more indistinct. He would be a bold 
person who would undertake to establish an age limit for 
senility. Every one knows what was said about Dr. 
Osler when he attempted to do something of that sort. In .• 
Fig. 66 the biblical limit of "three score years and ten,. 
bas been used. The author believes that he 'rnay safely 
hide behind that. The division between childhood and 
youth in boys is perhaps not quite the same as the division 

. between childhood and maidenhood in girls. 
From the standpoint of environment there are sc1eral 

fairly dis~inct age periods. Infancy in this case means the 
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·earliest period, in which the environment is maternal. It 
terminates when the child is weaned. Then follows the 
period of home environment. Later the school environ
ment controls. After that the work place comes in as an 
important factor. Of course the home influence continues . 
through life, and in the case of most women it predominates 
after the school age. Indeed after the school age the 
environment becomes complex. 

Karl Pearson has analyzed the curve which shows the 
age distribution of deaths in an interesting way. He con
cludes tbat there are five groups of diseases, tbose of in
fancy, childhood, youth, midQI.e 'age and old age. All of 
these extend over wide limits, but culminate at the ages 
shown in li'ig. 66. One may die of an old age disease at 
thirty, or one may have a children's disease at forty. 
Endless complications exist in special cases, yet in the main 
the distinctions between the five classes of diseases are well 
known. 

At the bottom of the diagram we see the curve which 
shows the specific death-rate in its characteristic variations 
through the span of life. This curve in its general form is 
the same for both sexes, for all nationalities, for all climates. 
There are differences, of course, but over all the other 
factors which influence death, age predominates. Tllis 
curve, it should be observed, is based on deaths from all 
causes. It would not necessarily apply to particular diseases. 
1 'fhe student should study this curve of specific death
rates according to age until he can reproduce it with ap
proximate accuracy from memory. 

Vision of Mirza. -Those who do not enjoy studying 
lltatistics may appreciate the following paragraph taken 
from Addison's "Vision of Mirza." 

"The bridge thou seest, said he, .is Human l.tife; con
sider it attentively. Upon a more leisurely survey of it, 
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·I found that it consisted of three~Jwre and t6n entire arches, 
with several broken arches, which, added to those that were 
entire, made up the number about an hundred. As I was 
counting the arches, the Genius told me that this bridge 
consisted at first of a thousand arches; but that a gre1.1t flood 
swept away the rest, and left the bridge in the ruinous con
dition I now beheld it. But tell me further, said he, 
what thou discovercst on it. I see multitudes of people 
passing over it, said I, and a black eloud hanging on each 
end of it. As I looked more attentively, I saw several of 
the passengers dropping through the bridge into the great 
tide that flowed underneath it: and upon further exami
nation perceived that there were innumerable trap-doors 
that lay concealed in the bridge which the passengers no 
sooner trod upon, but they fell through them into the tide, 
and immediately disappeared. These hidden pit-falls 
were set very thick at the entrance of the bridge, so that 
throngs of people no sooner break through the cloud, but 
many of them fell into them. They grew thinner towards 
the middle, but multiplied and laid closer together towards 
the end of the arches that were entire. There were, in
deed, persons, but their number was very small, that con
tinued a kind of hobbling march of the broken 1.1rches, but 
fell throngh one after another, being quite tired and spent 
with so long a walk," 

How to compute specific death-rates. - The specific 
death-rate for any age-group is found by dividing the 
number of deaths of persons whose ages lie within, the 
group limits by the number of thousands of persons in 
the same group alive at mid-year. The computation .is pre
cisely the same as that for the general death-rate except 
that both deaths and population are confined to specific 
age-groups. If both quantities are known the proellll!l jij 
merely arithmetical, 
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Example: Given the following data for New South 
Wales, 1901 (Columns 1, 2, 3). 

TABLE 61 
··------... Fopula.tion. Deeth~ Specifil) death. ..... 

-···-··-··· 
(1) (2) (3) (f) 

6-1 40,500 3,234 79.9 
1-19 704,000 1,960 2.8 

2IHI9 oa,900 2,251 4.4 
40-59 256,600 2,965 11.6 
so- 89,800 5,400 60.1 

Total 1,605,800 15,810 9.85 

To find the specific death-rate for the age-group 1-19 
years, divide the number of deaths in that group, i.e., 1960 
by 704, the number of thousands of population. The result 
is 2.8 per 1000. Similarly the specific death-rate :ror age
group 20-39 is 2251 + 515 - 4.4 per 1000. The figures 
in Column 4 were thus computed. The total deaths di
vided by the total population, in thousands, gives the gen
eral death-rate, i.e., 15810 + 1605.8 - 9.85 per 1000. 

If the number of deaths within the age-group is known 
but the population is unknown, it is necessary to estimate 
the population in the group. This can usually be done with 
sufficient accuracy from the data provided by the censuses. 
The methods of making these estimates both for censal and 
non-c'<lnsal years has been already described. This may 
involve a redistribution of the population from those given 
in the ~ensus to those corresponding to the death statistics. 

If the population in the group is known but the number 
of deaths is unknown the computation cannot be made with 
accuracy. It might be possible to redistribute the deaths 
into age-groups corresponding to the population, but 
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specific death-rates obtained in this way would in most 
oases be unreliable. 

Specific death-rates by ages for males and females. -
Looking at the two curves for the specific death-rates of 
males and females shown in Fig. 67 one would say at first 
that they were much alike, but that the rates at all ages were 
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higher for males than for females. In a general way this is 
true, but a ·closer study shows that the differences are not 
the same for all ages. The table from which these curves 
were plotted gave data from which the following figures 
were obtained. 

TABLE 62 

PER CENT BY WHICH THE SPECil1IC DEATH-RATES FOR 
MALES EXCEEDED THOSE FOR FEMALES IN VARIOUS 
AGE INTERVALS 

(Based on the original registrati<m states; population in 1910, and 
deaths in 1909, 1910 and 1911). 

A&o interval. Per CiiJI"It ..\g$iq~l. P(lf'cellt. 
(approxirnate). (p.ppro,:ima~). 

(1) (2) (3) ,,, 
6-'i 20 ~56 !4 
5-6 5 60-61 19 

!G-11 15 65-66 14 
liH6 5 7G-71 !0 
20-21 15 75-76 12 
25-26 6 80-81 8 
30-31 10 85-86 7 
35-36 20 91Hl1 3 
4G-41 35 95-100 -2 
45-46 27 10G-101 3 
ao-51 23 

. 
In infancy the death-rate for males exceeds that ior 

females by 20 per cent. Between five and twenty-five years 
of age the differences vary considerably in successive years 
but average about 10 per cent.' Above age twenty-five 
the male death-rate begins to exceed the female death-rate 
by considerable amounts and this continues to the age of 
forty, when the excess is 35 per cent. After that it steadily 
decreases. In old age the two rates are much alike. It 
must be remembered that these figures are for a certain 

1 The error of population due to concentration on round numbers 
probably Moounw {Qr oome of tilt:~~~ differences. 
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limited area and for a short interval of time and for a par• 
ticlilar composition of people with respect to nationality, 
birth-rate, and so on. They are to be regarded merely as 
illustrative of the differences between males and females. 
What are the reasons for the differences here shown? 

Effect of marital condition on specific death-rates. -. 
Students will find it interesting to compute specific death
rates for males and females according to their marital con· 
dition. It will be found that the rates for single men are 
considerably higher than for married men. Between thirty 
and forty years of age they may be nearly twice as high; at 
higher ages the percentage differences become less. The 
death-rates of single females are higher than those of 
married f\llllales except that during part of the child-bearing 
period,- say from twenty to forty-five,- the rates are 
higher for married women. 

Professor Walter F. Willcox, of Cornell University, ha.s 
computed the following specific death-rates for New York 
State, the cities of New York and Buffalo excluded, for 
1909-1911, arranged by age-groups and by classes corre
sponding to marital condition, as follows: 

TABf..E 63 
SPECIPIC DEATH-RATES ACCORDING TO AGE AND 

MARITAL CONDITIONS NEW YORK 1909-11 ' ' 
........ ' Females . 

..._ .... 
Single, Married, Widowed or 

divorced. Single, Married. Widowed or 
divoreed. 

(1) (2) (3) (4) (6) (6) (7} 

20-29 6.6 4.2 12.0 4.7 5.7 9.4 
30-39 12.9 5.9 14 I 7.4 6.3 9.5 - 19.5 9.5 17.3 10.0 8.2 12.1 
IJ0-.59 28.7 17.0 30.5 19.9 14.5 18.8 
ll0-69 51.0 31.9 48.6 37.1 28.1 38.2 
7o-79 101.4 72.7 96.0 82.2 61.4 !11.2 
oo- 204.2 20l>. I 315.7 279.8 194.8 269.8 

...... ·~~·· 
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Among the theories suggested in explanation of these 
differences is the effect of leading a better supervised 11o11d 
more restrained life among married persons, the better 
economic conditions of the married, the effect of marriage 
selection and the effect of the marriage relation itself. 

Nationality and specilic death-rates. -Specific death
rates for different ages and sexes are not the same for all 
nationalities. It is very difficult, however, to say how much 
of this is due to racial difference and how much is due to 
environmental conditions; that is, it is hard to separate 
the physiological from the social and economic factors. 
Practically, however, these factors must be considered 
together in discllSSing nationalities in the United States. 
We see these differences well marked between the negro and 
the white populations of the original registration states. 
The figures in 1'able 64, taken from Professor Glover's re
port, will show this. 

The figures in this table are carried to an unnecessary 
degree of precision so far as this particular point is concerned 
and in the case of the advanced ages for negroes probably 
not even the whole numbers are accurate. The rate for 
male negroes is almost double that jor male whites up to 
the age of sixty or thereabouts; above eighty the rate for 
negroes is lower than for whites11 Substantially the same 
relations hold for white and colored females. 

It should be noticed that in these various comparisons 
the effect of age is a factor which must never be ]aft out of 
account, 
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TABLE 64 

SPECIFIC DEATH-RATES FOR WHITE AJID NEGRO MALES 

United States, OtigiJW Registration States, I9IO 

Rate~~ v•r 1000. 
Age interval. 

White. Negro. 

(1) (2) (3) 

0...1 123.26 219.35 
IH) 4.71 8.56 

10...11 2.38 li. <r.! 
15-16 2.83 7.87 
20-21 4.89 11.96 
25-26 5.54 12.28 
30...31 6.60 14 96 
35-36 8.52 17.28 
4()...4! 10.23 21.03 
45-46 12.64 23.99 
50-5! 15.63 31.42 
55-63 21.50 39.50 
60--61 30.75 50.79 
65-66 43.79 64.33 
70-71 62.14 83.98 
75-76 92.63 112.77 
8()-.81 135.75 131.27 
35-36 19l.ll 179.82 
9()...9! 255.17 201.01 
95-96 324.86 227.76 

1(]()-101 427.46 336.29 
.• 

Eftect of the age composition of a population on the 
death-rate. ~ It is evident also, from our acquired knowl
edge of specific death-rates, that the general death-rates of 
two places cannot be reasonably compared unless the age 
composition of the population is substantially the same in 
the two places. The following simple example will make 
this plain:. 

Two places, A and B, have the same total population, 
i.e., 50,000; and they have the same specific death-rates at 
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different ages, The ages of the people, however, differ as 
shown in the table. From these figures we may compute 
the general death-rate for each place. 

TABLE 6S 

EFFECT OF AGE COMPOSITION OF POPULATION ON 
THE GENERAL DEATH-RATE 

Popule.tion, Computed de11.th<J.. 
(',.ornputiod 

8pt~JC\fio rieat.h-rates 
Aa;t. death-ra.l.o !Jt!f 1000. 

per 1000. 
A 8 .. 8 A B 

--
(!} (2) (3) (1) (0\ (6) (7) (8) 

··-··-··- ·-··-·· - --·-
()-4 10,000 20,000 25 250 500 
0..59 35.000 20,000 10 350 200 

60-79 5,000 10,000 60 300 000 - --
Total 50,000 50,000 900 1300 18 26 

--·-·· -··--
In B, a place with a large number of children and old 

people, the rate is 26 per 1000, while in A, a plac(with a 
large middle-aged population, the rate is only 18. This 
is, of course, an exaggerated case, but, slight differences in 
age distribution make a greater difference in the general 
death-rate than one would suppose. 

In 1899, according to a report of the U. S. Secretary of 
War, the annual death-rate of soldiers in the Philippines 
was 17.20, while the death-rate of Boston was 20.09, of 
Washington 20.74 and of San Francisco 19.41. The ob
vious inference was that the mortality in the~·army com
pared favorably with the morta-lities of the cities-mentioned. 
The facts unstated were that soldiers are picked men in a 
limited age-group while the cities contain a conglomerate 
population. A better comparison would have been one 
between the soldiers and males between 20 and 40 years of 
age in the United States, the usual death-rate for which ia 
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less than 10 per 1000. Hence the mortality among the 
troops in the Philippines was nearly twice as high as that 
of males of similar age in.the United States. 

In 1911 the general death-rate of Chicago was 14.5 and 
that of Cambridge, Mass., was 15.2. Was Chicago the 
healthier city? No, indeed! The following figures show 
that the specific death-rates were lower in Cambridge for 
all ages except the age-intervals of 1{}-19 years and 65 years 
and over. The rea.son for Chicago's lower rate was because 
there were relatively more people in Chicago at those 
middle ages where the specific death-rates are naturally 
low. 

TABLE 811 

COMPARISON OF DEATH-RATES IN CA:MBIUDGE, MASS., 
AND CHICAGO 

.. 
Per O&Jlt o1 pQpul&tion in Specific deo.tb-rates per 1000, age..groups. Both ooua. 

Age i.n y-.rs. 1910. in, 1911. 

Cambrid(o. Chico.go. Clatnbridp;f!, Chl.et\Jto, 

(I) (2) (3) (4) <•J 

Und•r 5 10.3 10,2 39.1 39.5 
5-9 9.1 8.8 4.3 4.7 

!G-14 8.5 8.6 3.5 2 6 
15-19 8.5 9.6 4.6 3.7 
2Q-24 99 11.5 3.8 5.3 
25--34 18.2 19.7 5,5 6.9 
35-44 15.0 14.5 9.0 11.4 
45-54 16.0 9.6 16.0 19.3 
55-<14 .. '4'5" 4.5 29.4 35.1 
65-74 2.0 64.0 63.6 

75 and over (in~ 
eluding unknown) .... 1.0 148.8 144.2 

Total 100.0 100.0 15.2 14.5 

Obviously the two general death-rates tell us very little 
that we want to know- that is, not until they have been 
analyzed. 
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Eftect of race composition on death-rates. - If differ
ent ra.cell qave different specific death-rates then the 
general death-rates of two places which have different 
percentages of various races cannot be fairly compared. The 
general death-rates of southern cities cannot be fairly com
pared with those of northern cities. In 1911 the general 
death-rate in New York City was 15.2; in .Wru~hington it 
was 18.7; in New Orleans, 20.4. The death-rate for the 
white population in Washington, however, WIIS only 15.5 
and in New Orleans only 16.6. Even these figures are 
not strictly comparable as they do not take into account 
age distribution. 

Changes in specific death-rates through long periods. -
We have seen that the general, or gross, death-rates have 
been falling for a long time. Are the same changes occur
ring in the specific death-rates at different ages and for dif
ferent classes of the population? This is a most important 
quest.ion. If we can answer it we shall have come close to 
measuring the effect of our sanitary, hygienic and med
ical improvements during r~nt yeat-s. Far too little 
effort has been made to compile statistics of this sort. Let 
us see what we can learn from Massachusetts records. 

In 1830 Lemuel Shattuck computed specific death-rates 
·for Boston. It will be interesting to compare these with 
figures for the year 1911, published in the U. S. Mortality 
Statistics by the Bureau of the Census and recast to make 
the age-groups correspond. 
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TABJ,E 67 

SPECIFIC DEATH-RATES, BOm SEXES, FO:It BOSTON 

Age inter.. Rate por 1000. 

~•. 
1830. 1011. 

(I) (2) (3) 

- .. _ .. _._._._ 
(a,pptoxitnate) 

(}.! ······· !61 
1~5 ''59:6· 17 
0-5 " .... 
5-1) 8.1 4 

10-14 iU) 2.4 
1&-19 4.9 4 
20-29 104 6 
30-39 20.1 10 
40-49 22.4 15 
50-59 29.3 27 
60-69 46.8 52 
70~79 92.4 102 
80-89 162.1 . . ' . ' . . 
90- 321.4 . . ' . ' . . 

During the 81 years there has been a marked reduction 
in the specific death-rates at all ages below sixty. In the 
case of children and youths the reduction was as mu~h as one 
half. In 1898 Dr. Samuel W. Abbott, then Secretary of 
the Massachusetts State Board of Health, computed a life 
table for the State 1 for the years 1893-7 in which the spe· 
cific death-rate.s were given for certain age-groups. It is 
interesting to compare these with the figures given for 
Massachusetts in the U. S. Life Tables for 1910. 

1 Ann. Rept. 1898, p. 810. 
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TABLE 68 

SPECIFIC DEATH-RATES FOR .MASSACHUSETTS 

Are11'Qup. 
R•te~lOOO 

1 1 
Ra.te pet 1000 

Age-troup. 
1910 

Males. Females. M- Fernalea. __ , 
(1) [2) (3) (.) (5) (6) -
Q-4 60,12 52.22 
5-9 5.69 5.82 Hl 3.37 3.13 

1()-14 3.11 3.40 12---13 2.37 2.05 
!IH9 5.29 5.68 17-18 3.43 3.17 
2()-24 7.48 7.32 22---23 5.16 4.30 
25-34 9.33 8.78 31Hll 6.60 5.97 
35-44 11.19 10.74 40-41 10.00 8.14 
45--54 16.67 14.68 50-51 16.05 12.58 
5iHI4 30.42 26.00 00-61 33.15 37.03 
65-74 59.67 51,37 7Q-7t 67.91 56 .• 7 
75-84 116.20 99.68 BQ-81 137.43 123.49 
8IHl4 233.60 184.81 9()-91 26Ui3 244.90 
95- 429.20 367.07 10D-101 483.90 392.91 

• . _ ... _ .... _ .. _ .. __ . 

Here we see the specific death-rates still falling up to 
age sixty. For the later ages there has been a slight tend· 
ency to increase. It should be noticed, however, that the 
age-groups are not quite the same for the two periods. 

, In 1830 and also in 1893-7 the specific rates at ages five to 
twenty, or thereabouts, were higher for females than for 
males, but in 1910 the opposite was true. 

If we should make similar comparisons of specific death· 
rates for other places and for different periods we should 
almost always find that in recent years the rates have been 
falling for all ages below fifty or sixty. 

What have been the reasons for this reduction? Un· 
doubtedly improved sanitary and hygienic conditions, 
advances in medical and surgical science and the arts of 
preventive medicine have tended to reduce the number of 



180 

leo 

140 

eo 

CHA.l'IGES IN SPFjCIFIC DEATH-RATES 289 

A .&. 

1/\ r 
' 

A -
/ \ )' 

. 

\ 

\ 
\ 

II 
II \ 

\ 

A 

iv'\Y .......... _v 
.eo~~~~--~--~ 

~.-+~-"~ 

40 ~"" .. -~-..• ::.:..-r.-.. --1---l 

-:: ~ y.., 

I/: /!.9 !::::'---
I ::--= 

eo 110~<J>M 
fsro lJl80 1690 1000 1910 l =:i 1800 :X, 1910 

Fm. 68. - Speciftc Death-rates by Age-Groupe, Massachusetts, 
1870-1910. 



290 SPECIFIC DEATH-RATES 

cases of sickness and to increase the percentage of recoveries 
of those who are taken sick. This has been especially 
true in the earlier ages. But it must not be forgotten that 
changes in the relative numbers of married and single 
persons in each ·sex, and of persons of different national· 
ity, have also their influence. A reason for the increase in 
the specific death-rates above fifty or sixty years of age has 
been frequently disclll!Sed of late, namely an increase in cer
tain degenerative and organic diseases. This is important, 
if true, but it is a difficult thing to prove. 

The fallacy of concealed classification.- Now that we 
have come to appreciate the effect of age, sex, nationality, 
and' such factors on death-rates, but especially the factor 
of age, we can better understand what may be called the 
fallacy of concealed classification. If we classify males 
according to occupation we might find that the death
rate of bank presidents was higher than that of newsboys; 
but this would not be because of different occupation but 
because of different ages. In classifying by occupation we 
have concealed a grouping by age. If, in classifying the 
employees of the city of Boston or New York by occupation 
we distinguish between policemen and street eleaners, we 
might find that we had concealed a classification by nation
ality, the street cleaners being Italians and the policemen 
Irishmen. Similarly in classifying railroad employees into 
conductors and brakemen, we might conceal age differences, 
and under the elass of Pullman porters we might conceal a 
nationality difference. When we consider stenographers a.s 
a separate class we conceal a classification by sex. These 
concealed classifications and groupings are sometimes very 
illusive; they creep into our statistics unawares and upset 
what might otherwise be sound reasoning. Illustrations 
may be found on every hand. Every one who uses statis
tics should be continually on the watch for them. 
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Use of specific death-rates. - It must be evident from 
what has been said that in order to compare the mortality 
conditions in various places the beet way is to qompare 
age with age, sex with sex, nationality with nationa.lity, or 
in other words to compare the various places, classes and 
groups on the basis of their specific death-rates. To do this 
in great detail involves labor and the use of n1any figures. 
Hence there has always been a fascination in combining these 
figures so as to obtain a single figure which may be regQrded 
as an index of mortality. There are at leru;ot two ways of do
ing this. If there were such a thing as a standard population 
-and several such standards have been suggested, notably 
the Standard Million (see page 192) - and if we knew the 
specific death-rates by ages and sex for any place, we could 
apply these rates to the standard population and find 
what the general death-rate would have been in the given 
place if the population had been standard. And we might 
do the same for another place and thus obtain figures for 
the death-rates which could be compared with some degree 
of justice. 

When general death-rates are adjusted to a standard 
population in this way the results are called " Standardized 
death-raws." Sometimes they have been referred to ru;o 
"corrected " death-rates, but this is a poor use of the word, 
for the process is not one of correcting errol'!! or mistakes and 
the final result is not " correct," for it does not take into 
account all differences in population. Nor is the expression 
" standardized " a good one, because it is not the death
rate whieh is standardized, but only the population. A 
better term is " Death-rates adjusted to a Standard Pop
ulation." 

In the annnal report of the Massachusetts State Board 
of Health for 1902 may be found another method of " cor
recting" death-rates, used by Dr. Samuel W. Abbot,t. He 
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took as a standard the specific death-rates of Massaehusetts 
by age and sex. He then applied these to the age and sex 
groups of the cities of the state, to obtain what he called the 
standard death-rate for each place. Then he found the 
ratio between the "standard death-rate" for each place and 
the general death-rate of the state, and called this the " fac· 
tor of correction." Finally he multiplied the actual general 
death-rate of each place by this factor to obtain his " cor
rected death-rate." The advantage of this method was 
that he did not need to use the age distribution of deaths 
for each place. The method is interesting, but is not one 
for general adoption, because it would be hard to decide on 
a standard of specific death-rates. 

Another way of using specific de~.>th-rates is that of con
structing what are called life tables. These will be de
scribed in Chapter XV. 

But the best w~.>y of using specific death-rates is to use 
them directly. To be sure it means that one must carry 
more figures in one's mind. Instead of having to think of 
one figure for the general death-rate it is necessary to think 

· of figures for infant deaths, for the deaths of children, of 
adults and of the aged- but, after all, are not these the 
really important figures? Statistics are worthless unless 
they can be used. If specific death-mtes are more usable 
than general death-rates, we should make the specific rates 
more prominent and educate people to think in terms of 
them. 

Death-rates adjusted to a standard population. -A 
few examples will now be given to show how general rates 
may be adjusted to a standard population. For the sake 
of simplicity age differenc~.s only will be considered. The 
data required are (o) the number of deaths by age-groups 
in the given place; (b) the number of persons living at 
mid-year in the corresponding age-groups; (c) an assumed 
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standard population for the same age-grouping. First 
of all, therefore, some system of age-grouping mUBt be 
decided upon. Let us ta.ke first a simple case, that is, one 
where there are only a few groups. 

On page 278 were given data for New South Wales, from 
which the specific death-rates were computed. Let us 
apply these specific death-rates to the population of Sweden 
in 1890 which we will take as a standard. This is given in 
column (5) of Table 69. For age-group 1-19 years the spe
cific rate was 2.78 per 1000; hence, among 398 persons the 
number of deaths would be 0.398 X 2.78 or 1.11 as given 
in column (6). And so for the other age-groups. The 
figures in column (6), therefore, give the number of deaths in 
eaeh group of the standard thousand of population, and 
their sum is the total number of deaths in the standard 
thousand. Hence the death-rate of New South Wales ad
justed to the standard population was 13.44. This is 
much higher than the general death-rat,.;, which was only 
9.85. 

TABLE 69 
ADJUSTED DEATH-RATE FOR NEW SOUTH WALES, rgor ··-···-·-·-·-

Num.borol SpEICific Standard age Comtuted 
A~gpin Popubttion. d~the in den.tb-rate di11t.ribution deat s per 

Yetlt8. one yoa.r. per 1000. pet 1000. 1(100 o{ ~tal 
population. 

(1) (2) (3) (4) (5) (6) 

--· -·--
()..j 40,500 3,234 79.88 25.5 2.04 
1-19 704,000' 1,960 2.78 398.0 1.11 

2IH19 514,000 2,251 4.37 269.6 118 
40-<>9 256,600 2,965 11.56 192.3 222 
60andover 89,800 5,400 60.13 114.6 6.89 

Total 1,605,800 15,810 9.85 1000.0 13.44 

Why this difference? The answer is found by comparing 
-he age distribution of the people of New South Wales with 
.he assumed standard population. 
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TABlE 70 
COMPARISON OF POPULATION DISTRIBUTION OF NEW 

SOIJTH WALES WITH THAT OF SWEDEN IN tl!go 

New South Wal.a:. Sweden. 
Ap-group .• 

NtUnb9r. Per tho1,1S!Uld. Per thoueand. - --------
(I) (2) (3) (4) 

o-1 41!,500 24,9 25.6 
H9 70-l,OOO 439.0 398.0 

30-39 514,900 320.0 269.6 
4o-59 256,600 160.5 192.3 
oo- 89,800 55.6 114.6 

All Ages -1,605,800-- - Toiio--:o- 1000.0 

------· .. -·-·-
It will be seen that in New South Wales there were fewer 

old persons, for whom the specific death-rates are naturally 
high, but more persons in middle life, for whom the specific 
death-rates are naturally low. This is ao extreme case, but 
characteristic of a new population built up by immigration. 

Let us now take a more complicated situation. 
In 1914 there were 1452 deaths in Cambridge,' Mass., 

distributed by age as follows: 

TABLE 71 

DISTRIBUTION OF DEATHS: CAMBRIDGE, MASS., 1914 

.... Num.· ""'· N=· . ... Nu.m- ""'· ~ .... 
""'· ""'· ""'· ""'· 

(1) (2) (l) (2) (l) (2) (I) (2) 
~- ----- ----- ---------- --·-· 

[Q-1) [243] 2o-24 43 4549 90 70·74 110 
ll-5 340 25-29 49 5(}-54 8.3 7~79 72 
~ 20 30-34 62 55-59 73 Bo-84 66 

lll-14 26 3~39 58 6(}-64 107 8~89 33 
1~19 33 4o-44 56 6HJ9 109 90-94 !8 

9~ 4 

··-
1 U. S. Mortality Statist.ice, 1914, p. 264. 
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The Standard Million 1 will be taken as the standard of 
population. It is necessary to take an age-grouping which 
will correspond to this, and find the number of persons in 
Cambridge in 1914 in each of these groups. There was no 
census in Cambridge in 1914, but in 1910 the population 
was 104,839, in 1900 it was 91,886. The estimated popu~ 
lation July 1, 1914, was 110,357. In 1910 the age distri
bution of the people of Cambridge was given by the census. 
It was as follows (columns I, 2 and 3): 

TABLE 72 

PERSONS LESS THAN STATED AGE: CAMBRIDGE, MASS. 
~ .. 

A ... Actual number of P&reent.. Colllputed number of 
persons in 1910 persona in Htlf, 

(I) (2) (3) (4) 

1 2.323 2.3 2,430 
5 10,802 10.4 11,500 

10 20,273 19.4 21,400 
15 29,165 27.9 30,800 
20 37,095 36.4 40,200 
25 47,503 46.4 51,200 
35 66,678 64.6 70,500 
45 82,404 79.6 88,000 
65 99,136 9.1.6 105,700 

100 104,778 99.4 110,280 
Unknown 61 0.6 77 

Total 104,839 100.0 110,357 

It may be fairly assumed that the percentages of column 
3 for 1910 apply also with no great change to 1914. By 
multiplying 110,357, therefore, by these percentages we 
get the following numbers of persons in each group for 
1914 (column 4). 

The figures in column (4) may be redistributed in any 

• See ". 192. 
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desired age-grouping as described on p. 183. In this way 
· the figuree in column (2) of the following table were ·Ob
tained: 

TABLE 73 

ADJUSTED DEATH-RATES FOR CAMBRIDGE, MASS. 

Estimated Number or Specific: Standard 
Age.. ;croup. poptda.tion i:n des.ihll in det~.ih-raUt aae di"'tribution Computed 

1914 1914, per 1000. pet 1000. deaihlll. J 

<•pproxim.ate). 

(ll (2) (3) (4) (5) (6) 
···-····- .. - .. -· ·-····- ··-···-.. ·-· 

Q-4 11,500 340 29.5 114.262 8.380 
5-9 9,900 20 2.02 107.209 0.217 

IQ-14 9,400 26 2.76 102.735 0.284 
15--19 9,400 :l3 3.51 99.796 0.350 
2o-24 11,000 43 . 3.91 95.946 0.374 
25--.14 19,200 111 5 78 161.579 0.935 
35-44 17,400 114 6.53 122.849 0.803 
41;..54 11,600 173 14.9 89.222 1.330 
55-64 5,800 180 31.1 59.741 1.856 
M-74 3,100 219 70.6 33.080 2.330 
75-- 2,100 193 91.8 18.581 1.246 
Total 110,400 1452 

,_ .. _._ 
-uXx>.ooo -i3Joo-13.15 

.. --· 

From columns (2) and (3) the specific death-rates are 
obtained (column 4), and these applied to the standard 
age distribution (column 5) give the number of computed 
deaths in each age-group (column 6). Their sum gives 
13.1, which iB the death-rate adjusted to the standard 
age distribution. We have done an· this work to get a 
result which differs but fractionally from the genere.l, or 
crude dee.th-rate, .i.e., 13.15. Not worth while? Yes, it 
is if we are to use a death-rate at all. It was only bece.use 
the age distribution of the Cambridge population happened 
to be so nee.r thltt of the standard million the.t the two 
death-rates came so close together. In another case the 
result might be very different. 
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A fair criticism of this last computation would be that 
·the age-groupings below age five and above middle age are 
too wide, for it is in these groups where the specific death
rates are highest. Dr. Wm. L. Holt, C.P.H. (School of 
·Public Health, Harvard University and Mass. lnst. of 
Tech.), investigated this subject of grouping and concluded 
that seven properly selected groups would give results 
which compared well with those obtained by using the 
eleven groups of the Standard Million. The author be
lieves that even five well-chosen groups would suffice, but 
the matter is one which needs free discussion. Certainly 
something more convenient than the Standard Million is 
posaible. 

TABLE 74 

COMPUTED DEATH-RATES IN BOSTON AND CAM
BRIDGE, I905 

(Computation• by Dr. Wm. L. Holt) 

Boaron. 

Adjust&d rates per 1000, 

~ PO,PUla-- Doo.ths. B~illc ...... ..,~ -tlwp.~ • E""""' Nine s.v.. Six 
gmup8. groupo. a:roupa. ....,..,.. 

-----
(I) (2) Gil (4) (5) (6) (7) (8) -- ·····-·--·· ... 
()-4 52,152 3128 60.1 6.850 6.850 6.850 6.850 
iH) 54,091 253 4.68 0.501 0.501 } 1G-14 48,694 157 3.22 0. 331 f 0785 1.963 1.968 11!-19 47,608 218 4.58 0.457 

2o-24 57,421 380 6.61 0.684 0.634 
2&-34 119,682 1070 8.95 1.441 1.441 f 2.840 2.840 30-44 95,946 1081 11.28 1.388 1.388 
46-54 58,810 1255 21.4 1.910 1.910 1.9101 4.135 56-64 33,602 1308 38.9 2.325 2.325 2.3251 
66-74 16,711 12131 72.6 2.403 f 4.802 2.403 2.403 
76- 6,413 937 146.0 1.980 1.980 ~ .Total 20.220 20.636 20.271 20.171 

. 
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Cambridge. 

All1> Pl'C,ul>- Doatba. Sj)I)Cifif:\ Adjuatad rates per 1000. 
oro up. •• d.Mtb~rtl.te . 

Iillevell groups. Seven group$, 
---

(I) (2) (3) (4) (6) (6) 
-··· -

Q-4 9,088 412 45.3 5.176 5.176 
&-9 9,096 27 2.96 0.317} 1()-14 8,078 20 2.48 0.255 1.468 15-19 8,512 34 4.00 0.309 

20-24 10,789 51 4.72 0.452 
25-34 18,671 130 6.97 1.125 ~ 2.253 35-44 14,148 130 9.19 1.127 
45-54 9,967 133 14.35 !.280 1.280 
5IHi4 5,628 165 29.4 1.755 1.755 
55-74 2,864 !55 54.1 1.790 1.790 
75- 1,251 179 143.2 1.950 1.950 
Total 15.626 '1<L672·-

.. -
Examples of death-rates adjusted to a standard popu

lation.- The U. S. Morta.lity Statistics give numerous 
examples of death-rates adjusted to the Standa.rd Million. 

Let us first of all compare Cambridge, Mass., and Chicago, 
Ill. 

TABLE 75 

Dea.th·r~te, 1911. 
rnw. 

a ..... AdJusted. 

(1) (2) (3) 
·-·· 

Cambridge\ Mass. 15.2 15.4 
Chicago, II . 14.5 16.4 

Here again we see that adjustment oftbe Cambridge rat~ 
changes it but little,1 while that of Chicago was increased 
by 1.9, making the adjusted rate higher than tha.t of 
Cambridge. Why? 

1 In this computation se.x as well as age was aonsidered. 
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In every instance in the following table the adjusted 
death-rate exceeded the gross death-rate, the excesses 
ranging from 1 to 18 per cent and averaging 8.4 per cent. 
As would naturally be expected the differences were less 
in the older cities of the East than in the newer cities 
of the West, but New York, Pittsburgh and a few others 
with large numbers of recent immigrants were exceptions 
to this rule. The following figures illustrate this: 

TABLE 76 

COl!IIPAlUSON OF GROSS AND AD]tl'S'I'ED DEATH-RATES 
FOR CEII.TA.IN CITIES 

Deatb•rates per 1000. 
City. 

a- Ad!""""' Diflerenee. 

··-···--
(l) (2) (S) (4) 

New Haven, Conn. 16.7 17.7 1.0 
Boston, Mass. 17.1 17.9 0.8 
NewYork,N. Y. 15.2 17.2 2.0 
Pittsbur~li, Pa. 14.9 16 9 2.0 
Clevelan i' Ohio 18.8 15.3 1.5 
Chicago, 11. 14.5 16.4 1.9 
13pokane W aab. ll.6 13.7 2.1 
seattle, w aeb. 8.8 10.4 1.6 

Adjustment to a standard population tends to equalize 
the death-rates in different places. The rural districts of 
New England contain a large percentage of persons of ad
vanced age. This tends to cause the adjusted rate to be 
lower than the gross rate. Taking figures for entire states 
we find this to be true, as the following figures show. In 
the western 'states this difference is not as marked, as they 

· have not suffered by emigration as. have the New England 
States. 
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TABLE '17 

COMPAlUSON OJ/ GROSS AND ADJUSTED DEATH-RATES 
FOR CERTAIN STATI!S 

l.Mtb~r:tt.tes per 1000. 
State, 

G""'. Adjuatod. DifTerenoe, 

(l) (2) (3) <•l 

M,..s..,husetts 15.3 15.0 -0.3 
New l:lwnpohire 17.1 14.2 -2.9 
Maine 16.1 13.0 -3.1 
Connecticut 15.4 14.8 -0.6 
Indiana 12.9 12.3 -0.6 
Kentucky !3.2 13.4 0.2 
Michigan 13.2 12.4 -0.8 
Minnesota 10.5 10.8 0.3 
Missouri 13.1 13.1 0.0 
Montana 10.2 11.6 1.4 

-··-·-····- ··-····-···~·· 

The following figures show the relation between the 
· crude 1111d adjusted death-rates f<~r various countries: 
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TABLE 78 

COMPARISON OF GROSS AND ADJUSTED DEATH-RATES 
FOR CERTAIN COUNTRIES 

. ····--
Death-rat;cle per 1000. 

Ratio of 
adjusted 

Countey. Y""'. .... 
to t:hat of 

GrOM. AdJmrod. Difl'eren.ee. 
B~nd 

and ..... 

-··· 
(1) (2) ~I 141 161 161 

·····-· 

Russia 1896-1898 32.80 28.61 -4.19 166.7 
Spain 1900-1902 27.63 26.53 -1.10 1114.6 
Austria 1899-1901 Z4.83 23.12 - !.'71 134:7 
Italy 1900-1902 22.72 20.23 -2.49 117.9 
Germany 1901 20.84 19.52 -1.32 113.8 
U. 8. (Registra- 1900 17.55 18.05 0.50 105.2 

tion area.) 
Scotland 1900-1902 17.91 17.61 -0.30 102.6 
Fra.uc.e 1900-1902 20.80 17.50 -3.80 102.0 
En~land & Wales 1900-1902 17.16 17.16 0.00 100.0 
Swttzerland 189!H901 18.22 16.86 -1.36 98.3 
Belgium 1899-1901 18.53 16.78 -1.75 97.8 
Ireland 19IJ0--19~~ 18.27 16.09 -1.68 96.7 
Netherlands l89!H900 17.32 15.40 -1.92 89.7 
Sweden 1899-1901 16.78 13.88 -2.90 80.9 
Now South Wales 1900-1902 11.72 13.10 1.38 76.3 
Victoria 1900-1902 13.!2 13.08 -0.04 76.2 
South Australia 1900-1902 11.02 11.73 0.71 68.4 

Adjustment for raciAl dl1fereru:es. In certain parts 
of the United States, especially in the South, the crude 
death-rates are absolutely us~Jess for purposes of com· 
parison unless allowance is made for the numher of colored 
persons at different ages. · The specific death-rates for col· 
ored persons are higher at all ages than for white persons, 
as the following figures for the U. S. registration states in 
1900 show: 
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TABLE 79 

COMPARISON OF SPECIFIC DEATH-RATES FOR WIDTE 
AND COLORED PERSONS 

Death~rates "'r 1000 (uclut~ive 
, of shU-births). ltatio of cc.lored 

~up (both sexes). towhlU>d41atb· 
l.'SU!. 

Native white. Colonod. 

(!) (2) (8) (4) 

(H 49.1 106.4 2.17 
li-9 4.5 8.9 1.98 

10-14 2.9 9.0 3.10 
15-19 4.7 11-4 2.43 
20-24 6.8 11.6 1.71 
25-34 8.2 12.2 1.49 
35-44 9.6 15.0 1.56 
45-54 12.7 24.5 1.93 
55-64 22.6 42.5 1.88 
65-74 50.4 69.5 1.38 
75 138.5 143.3 1.03 

Crude death-rate 16.5 25.0 1.52 

The following figures for the cities of Washington, Balti
more and New Orleans show the necessity of taking into a.o
eount these striking differences between the white and colored 
people: 
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TAl!LE 80 

ADJUSTED DEATH-RATES FOR CITIES HAVING LARGE 
COLORED POP1J'LATIONS 

-
' Death-rates per 1000 (both ~6le!J), 1911. 

' ' 
' Q.,.., Adj-. Dilf~. 

·--·-· 
(1) (2) (3) (<) 

Wa•hington, D. 0. 
White 15.5 14.6 -0.9 
Colored 26.6 30.5 3.9 

Total 18.7 18.9 0.2 

Baltimore, M d. 
White 16.2 16.7 0.6 
Colored 30.9 35.4 4.5 

Total 18.4 19.4 1.0 

New OrCeans~ La. 
White 16.6 17.5 0.9 
Colored 31.2 34.0 2.8 

Total 20.4 21.8 1.4 

Death-rates for particular diseases. -Death-rates for 
particular diseases are computed in the same way as other 
speeific death-rates. The numerator of the ratio is limited 
to the disease in question. The denominator may be the 
entire population, or it may be confined to some specific 
part of it. In order to avoid the use of too many decimals 
it is well to express the death-rates for particular diseases as 
so many per 100,000 instead of so many per 1000. This 
practice is becoming universal. The use of 10,000 as a. 
base should be a voided. 

If all of the deaths from typhoid fever be compared with 
the total mid-year population, we have the general typhoid 
fever death-rate of the place. General rates for particular 
· di•eases are much used and have practical value. Specifio 
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rates in which deaths from typhoid fever in a given age.. 
group are compared with the population in the same age
group are sometimes computed, but are useful only when 
the numbers involved are large. 

Special death-rates. - In epidemiological studies it is 
necctllliiJ:Y to compute death-rates in all sorts of ways, to 
separate the people into classes according to where and how 
they live, according to their oct,upation or their exposure · 
to certain risks. This causes us to deal with many special 
rates. 

In studying birth statistics we may find the general 
birth-rate, by taking the ratio between the number of 
births and the total population. But we may also desire 
to fiiid the ratio between births and women of child
bearing age, or between births and married women of 
child-bearing age. 

In interpreting all of these many sorts of rates and ratios 
the principles already outlined hold good. We must see 
that the data compared are logically comparable, that there 
are no concealed classifications and that the rules of pre
ciJ!ion are not violated. 

EXERCISES AND QUESTIONS 

L Are the changes in age-composition !rom decade to decade in 
Ma.esaohueetts sufficient to explain a considerable part of the falling 
general dea.tb~rate of the state, assuming the specific death-rates by 
- to remain 00IIlltant7 

II. ·Compute the specific death-rates by sex and age-groups !or throe 
MMsachusetts cities for 1910, obtaining data from the census and 
registration reports, 

8. Compare the specific death-rates by age-groups lor white and . 
.. colored persons in some southern eity for some selected year. 

4. Adjust the death·rate of some western city in 1910 to the Swedish 
standard of population. 
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1. ReJ-t tbi.a computation using the et&ndard million as a basis of 
~.-ljustment. 
:; a. Select from the Mortality Reports examples of the need of adjust
;_Jnent of death .. rates of cities for purposes of comparison. 

T. Adjllllt the death-rates of amne oelected city to the ba.eis o! the 
'standard Million for 1915, 1910, 1905, 1900 and .. far back os record 
oan be obtained. 



CHAPTER IX 

CAUSES OF DEATH 

Nosography. -The description and systemat.ic classifi
cation of disease is called nosography. The word is derived 
from the Greek word rwsos1 which means sickness, or disease. 
(The word is pronounced noss-<Jgraphy, not noze-ography.) 

Nosology.- The science of classifying disease is similarly 
called no._<oQ)ogy. 

The purpose of nosology. -At one time it was thought 
that a knowledge of nosology was necessary for the practical 
treatment of disease. Many systems were proposed and 
abandoned. Today the idea has few, if any, supporters. 

Nosology is of great importance a.~ one of the foundation 
stones of our modern structure of vital statistics. Without 
uniform definitions of disease, which furnish us with ade
quate statistical units, our statistics would be worthless. It 
is because of changes in the definitions of disease that we fall 
into so many errors in comparing past conditions with those 
of the present day. Such changes are inevitable as medical 
science advances, but they ought to be universally recognized 
when they are made. 

Dr. William Farr was one of the first to recognize the itn
portance of "statistical nosology." 

History of nosography. -Nosography emerged from its 
former chaotic condition in 1893 when the use of the Inter
national Classification of Diseases and Causes of Death was 
begun. This was due chiefly to the labors of Dr. Jacques 
Bertillon of France, 

In 1853 Dr. William Farr and Dr. Marc d'Espine, of 
Geneva, had been selected by the First Statisticlll Congress, 

306 
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ii9hleh met at Brussels, to present a report on the subject. 
~e list of diseases reported by them was adopted in Paris in 
'1855, in Vienna in 1857, and was translated into six languages. 
lt was revised several times between 1864 and 1886. In 
1893 the International Statistical Institute, the successor 
of the Statistical Congress, met in Chicago and adopted this 
Jist with some changes. Provision was made for decennial 
revisions by an International Commission, and such re
.visions were made in Paris in 1900 and again in 1909, the 
·latter a year earlier in order that the new list might be used 
fD the censuses of 1910. This Jist was intended to sts.nd un
ohs.nged until 1919. In 1898 the International List was 
endorsed by the Americs.n Public Health Association. Eng
land adopted the list in 1911. It was used by all English 
and Spanish speaking countries, but it did not become uni· 
wrsal. A few of our own states did not follow it exactly. 

On account of the war no revision of the Hat was made in 
.1919; but, largely through the efforts of the League of Red 
Cral!l Societies, a convention representing national govern· 
ments met in Paris, October 11-14, 1920. This was known 
1111 the Third International Commission for the Revision of 
the Classification of the Causes of Death (Nosologic 
nomenclature). 

Classification of diaeases in 18110.- Dr. Farr classified 
diseases as follows: 
CLASS I. EPIDEMIC, ENDEMIC AND ComAmous DiaEASEs (Z~). 

Order 1. Miaimatie diseases~~ small-pox, ague, etc. 
Order 2. Bnthenic diseases, - syphilis, glanders. 
Order 3. Dietetic dille&lSes, -scurvy, ergotism, 
Order 4. P,.....Uic dise....,, 

CL&sa II. CoNsnionoNAL DrsEAslts (C!achecf!ici). 
Order 1. Diathetic diseases,- gout, dropsy, cancer, etc. 
Order 2. TtiiHirctdar diseases,- B(.'l'Ofula, consumption. 

·a..... III. LocAL DISEASES (Morwrganim). 
Order 1. Disee.ses of the brain. 
Order 2. D"""""'" of the circulation. 
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Order 3. DiBeases of respiration. 
Order 4. Diseases of digestion. 
Order 5. Diseases of the urinary system. 
Order 6. Diseases of reproduction. 
Order 7. Diseases of locomotive system. 
Order 8. Diseases of integumentary system. 

Ct.AeS IV. DIIMilLOl'Ml!lNTAL DISEASES (Metarrwrphici). 
CLAss V. VtoLENT DEATHS on DISEASES {Thanatici). 

It is extremely intereeting to study this list in detail as 
given in the 16th Annual Report of the Registrar General 
of England, Appendix, pp. 71-79. 

International List of 1920. - The International List of 
1909 reoognized 189 causes of death, which were divided 
into fourteen classes. It was not claimed that these were 
all of the possible causes. For convenience of reference each 
cause of death was given a number. The International List 
of 1920 has 206 titles. In consequence of tWs increase, and 
because of the sWfting of certain diseases from one class t(l 
another many disea.ses now bear different numbers from those 
with which health officers and registrars bee~~me familiar 
during the period from 1909 to 1920. It is to be regretted 
that the Congress of 1920 did not adopt a system of perma
nent numbering, perhaps similar to the Dewey decimal 
system used in libraries, wWch would leave unchanged the 
numbers of the well recognized diseases and be elastio 
enough to provide for inevitable changes and additions. 
TWs will doubtless come in time. Until then students must 
be on their guard when making comparisons for different 
years. 

The following comparison shows some of the differences 
between the list of 1909 and that of 1920. 

1909 
I. General Causes. Nos. 1 to 

59. 
li. Di""""" of the Nervous 

System and the Organs 
of Special Sense. Nos. 
60 to 76. 

1920 
I. Endomie, Epidemic and 

Infectious Diseases. Nos 
1 to 42. 

II. General Diseases not in~ 
eluded above. Nos. 43 
to 69. 
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1909 
IlL Diaeaoeo of the Ci1'eulatory 

System. Noa. 77 to 85. 
IV. Disesoos u£ the Respiratory 

System. Nos. 86 to 98. v. Disesoos of the Digesti'ro 
Svstem. Nos. 99 to 118. 

VI. NoD-venereal Diseases of 
the Genito-urinary Sys-. 
tern and Annexa. Nos. 
119 to 133. 

VII. The Puerperal State. Nos. 
134 to 145. 

VIII. Diseases of the Skin and 
Cellular Ti.'lSUe. Nos. 
142 to 145. 

IX. Diseases of the Bones aud 
of the Organs of Locomo-
tion. Nos. 146 to 149. 

X. Malformations. No. 150. 
XI. Diseases of Eor!y Infaucy. 
. Nos. !51 to 153. 

XII. Old Age. No. 154. 
XIII. Affections produced by Ex· 

ternal Causes. Nos. 155 
to 186. 

XIV. Ill-defined Dis...,es. Nos. 
187 to 189. 

19'.l0 
III. Diseases of the N ervnus 

System and Sense Or
gans. Nos. 70 to 86. 

IV. .Diseases of the Circulatory 
Syst<un. Nos. 87 to 96. 

V. Diseases of the Respimtocy 
System. Nos. 97 to 107. 

VI. Diseases of the Digestive 
System. Nos. 108 to 
127. 

VII. Non-venereal Diseases of 
the Genito-Urinary Sys
tem and Annexa. Nos. 
128 to 142. 

VIII. The Puerperal State. Nos. 
143 to 150. 

IX. Diseases of the Skin and 
Cellular Tissue. Nos. 
151 to 155. 

X. Disesoos of the Bonos and 
Orgaos of Locomotion. 
Nos. 156 to 158. 

XI. Mallormationo. No. 159. 
XII. Disesoos of Earlv Infancy. 

N011. 160 to 1113. 
XIII. Old Age. No. 164. 
XIV. Exterlll>l Csuoos. Nos. 165 

to 203. 
XV. Ill-de11ned D.......,_ Nos. 

204 to 205. :x;vr. Disesoos omitted os having 
caused loss than 10death!i. 
No. 206. 

INTERNATIONAL LIST OF CAUSES OF SIC.lt.NESS AND 
DEATK 

(T!Urd decetulial revision by the Intematiooal Commission, Paris, 
Oet. 11·14, 11120.) 

(The titles preoeded by a star indicate certain additiolll>laubdivislons 
which the U.S. Cenat1s Bureau intends to use to facilitate oompa.risons 
with statistics of previous years. The numbers in parentheses &iter 
the titles .,.. tho'" of the 1909 list and are given for comparis<m. 
They ehould not now, be used.) 

I. - E1>IJ>:&¥lC, ENDEMIC AND INFECTIOUS Dls:J!:.AslDS 
1. Typhoid and ~typhoid fever (1). 

(a) Typh01d feV<!I'. 
(b) Paratyphoid fever. 

2. Typhus fever (2). 
3. JtelapsiDc fever (spln1lllDI obermolotl) (3), 
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4. Malta fever or Mediterranean fever. (" Mellto-coccosls ") 
5. Malaria ( 4). . 

(a) Malarial fever. 
(b) Malarial Cll<lhexia. 

6. Small-pol< (5). 
7. Measles (6). 
8. Scarlet fever (7). 

1~ ~-=~(8). 
11. Iall. ........ (10) 

(a) with pulmonary complioatiOilB specified. 
(b) without rulmonary complilll!.tions specified. 

12. MWa:ry fever ( 1). 
13. Mumpo (19), 
14. Asiatic cholera (12). 
16. Cholera nostras (<holeriform enteritis) (13). 
16. Dysonta:ry (14). 

(a) amebic. 
(b) bacillary. 
(c) due to other"'"'"""' 

17. Plague (15}. 
(4) bubonic. 
(b) pneumonic. 

. (c) septicemic. 
(d) UllJ!Peoilled. 

18. Yenow fever (16). 
19. Spirochetal hemorrhagic jaundice (Splrochnetosis ictero-haemor-

rhoglca). 
20. Leprosy (17). 
21. Erysipelas (18). 
22. ~~emyelltls. 
23. tis-letharglc:a. 
24. M oeocc:a1 menillgltia. 
25. Other epidemic and endemic dieeasee (19). 

'(a) l:hlcken·pox. 
'(b) German measles. 
'(c) Others under thia title. 

26. Glanders (21). 
27. Anthru: (22). 
28. Rabies (23). 
29. Tetanus (24). 
20. Mycoses (25). 
31. Tuherculasis of the respiratory aystem (28). 
32. Tuberculasia of the meninges and cenfl'ol nervous aystem gen• 

orally (30). 
33. Tuberculosis of thelnteotines and peritonemn (31). 
34. Tuberculosis of the vertebral column {32). 
35. Tuberculosis of the joints (33). 
36. Tuberculosis of other organs (34). (al Tuberculoois of the skin and subcutaneous cellular tiosue. 

(b Tuberculoeis of the bonee (vertebral column excepted), 
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(c) Tubercul~ of the lymphatic system (mesenteric Md 
retroperitoneal glands excepted). 

(d) Tuberculosis of the genito-unnary system. 
(e) Tuberculosis of organs other than thn above. 

37. Disseminated tnberculosls, 
(a) acute (29). 
(b) chronic. 

38. Syphilis (37). 
(a) PrinWT1J. 
(b) Sec!P>dary. 
(c) Tertiary. 
(d) Hereditary. 
(e) Stage not i1!dicated. 

39. Soft clmnere (37). 
40A. Gonococcal infection (opbthslmla e.xcepted). 
40B. Gonorrh.aiJJl or purulent ophthalmW. injedi<m (38). 
41. Purulent infection, septicemia (38). 
42. Other infectioUB diseases. 

II. GENERAL DISEASES NOT INCLUDED A:noVE 
43. Cancer and other malignant tumors of the bnccal cavity (39). 
44. Cancer and other malignant tumors of the stomach and liver (40). 
45. Cancer and other malignant tnmora of the peritoneum, Intestines 

andrO<tnm(41). 
46. Cancer and OthM malignant tumors of the female genital organs 

(42). 
47. Cancer l!lld other malignant tnmors of the hroast (43). 
48. Cancer l!lld other malignant tumorS of the skin (44). 
49. Cancer and other malignant tunlors of other or U%1Spec11ied 

organs (45). 
50. Benign tumora and tnmora not retnmed as malignant (tumors of 

the female genital organs excepted) (46). 
51. Acute rheumatic fever (47). 
52. Chronic rheumatism, osteo-arthritis, gout (48). 
53. Scurvy (49). 
54. Pel~a (26). 
55. Beriberi (27). 
56. IUckets (36). 
57. Diabetes mellitns (50). 
58. AlleJUi!!! chlorosis (54). 

(a) .t'ernioious anemia. 
(b) Other anemi"'" and chlorosis. 

59. Dlaeases of the pituitary gland. 
60. Illseases of the thyroid gland. 

(a) Exophthalmic goiter (51). 
(b) Other diseuses of the thyroid odand (88) 

61. Diseases of the parathyroid glands (88). 
62. Diseases of tbe thymus gland (88). 
63. Diseases of the adrenals (Addison's disease) (52). 
64. Dlseaaes of the spleen. 
65. Leukemia and Lymphadenoma (Hodgkin's disease) (53). 

(a) Leukemia. 
(b) Lymphadenoma. 
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66. Alcoholism (acute or cbroDic) (56). 
67. ChroDic poisoning by mineral substances. 

. *(a) Chronic lead poisoning (57). 
*(b) Others under this title (58). 

68. CbxoDic poisoning by organic substances (58). 
69. Other general diseases (55). 
III.- DIBE,ABJ!:S OF' ".rHE NERVOUS Sl'ST.EM .ANI> OF THlC. ORGANS 

OJ.I' SP:tCtAI; SENSl!l 
70. Entepiullitis (60). 
71. Menli1gitis (does not include meningitis sr.cified as meningo

coccic, tuberct1lous1 rheuma.tic, etc.) (61 . 
*(a) Sb:nple meningitiS. 
•(b) Non-epidemic eerebroopinal meningitis. 

72. Tabes dorsalis (locomotor atii.Xia) (62). 
73. Other diseases of the spinal cord (63). 
74. Cerebtal hemorrhage, apoplexy (64). 

(a) Cerebral he:morrha~e. 
(b) Cerebral thrombosts a.nd embolism. 

75. Paralysis without speci11ed cause (66). 
(a) Hemiplegia. 
(b) Others under this title. 

76. Genetal paralysis of the insane (67). 
77. Other forms of mental alienation (68). 
78. Jlpllepsy (69). 
79. Convulsions (non-puerperal) (5 years and over) (70). 
80. Infantile convulsions (under 5 years of age) (71). 
81. Cborea (72). 
82A. Hystl!1'ia a?Ul neuralgia (78). 
82B. Nouritis (73). 
83. Cerebral softOillml (65). 
84. Other diseases of the nervous system (74). 
85. Diseases of the eye and annexa (75). 

(a) ~ of the organs of the eye. 

!
b) FoUicular conjunetivitia. 
c) Trachoma. 
<iJ 1'-u,..,.• of the eye. 
e) Olher dmases of the eye a?Ul an"""". 

86. Diseases of the ear and of the ln&Stoid sinus (76). 
•(a) Diseases of the ear. 
•(b) rn ....... o! the mastoid process. 

IV.- DISEASES OF TUI!: CmCULA.TQRY 8TsTl!lM 
87. Pericarditis (77). 
88. Endocarditis and myocarditis (acute) (78). 
89. Angina pectoris (80). 
90. Other diseases of the heart (79). 
91. Diseases of the arteries (81). 

~
) Aneurism. 

b) Arlerio8cler08i8. 
c) Other di8eases of the arteries. 

92. Em oU11111 and thrombosis (not cerebral) (82). 
93. Dlsea..,s of the veins (varices, hemorrhoids, phlebitis, etc.) {S:l). 
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94. Diseases of the lymphatic system (lymphangitis, etc.) (84). 
95. Hemorrhage without specilled cause (85). 
96. Other diseases of the cireulatory sy11tem (85). 

V.-- DISEASES OF TBl!l RESPIRATOR.Y SYSTEM 

97. Dise-• of the uasa1 foasae ud their annexa (85). 
*(a) Diseasea or the nasal fossae. 
*(b) Others under this title. 

98. Diseases of the laryu (87). 
99. Bronchitis. 

(a) acute (89). 
(b) chronic (9Q). 
(c) not otherwise defined under 5 years of age. 
(d) not otherwise defined 5 years and over. 

100. Bronchopueumonia (includiDg capillary bxonchitis) (91). 
*(a) Bronchopneumonia. 
*(b) Capillary bronchitis. 

101. Pneumonia (92). 
(a) lobar. 
(b) not otherwise define.d. 

102. Pleurisy (93). 
103. Congestion and heJilorrhaglc info.rct of theluog (94). 
104. Gangrene of the lung (95). 
105. Asthma (96). 
106. Polmonary emphysema (97). 
1111. Other diseases of the respiratory system (98) (tuberculosis ex

cepted). 
(a) Chronic interstitial pneumonhl1 including occupational 

dise&seB of the lung. 
(b) Diseases of the mediastinum. 
(<) Diseases not included u.nder (a) or (b). 

VI. DlSEABES oP THE Dm:msTIVJ!l SYSTEM 
lOSA. Disease• of the Ieeth and gums (99). 
108B. Other Diseases of the mouth IUld unexe (99). 
109. Diseases of the pharynx IUld tonsils (including adenoid. vege

tations) (100). 
*(a) Adenoid vegetations. 
*(b) Others under this title. 

110. Diseases of the esophagns (lot). 
111. Ulcer of the stomach and duodenum (102). 

(a) Ulcer of the stomach. 
(b) Ulcer of the duodenum. 

11.2. Other diseases of the stomach (cancer excepted) (l03). 
113. Diarrhea and enteritis (under 2 years of age) (104), 
ll4, Diarrhea and enteritis (2 years a.nd over) (105). 

·116. Ankylostomiasis (106). 
116. Diseases due to other intestinal parasites (107). 

(a) Cestcdes (hydotids of the liver excepted) .. 
(b) Trematodes. 
{c) Nemat<xies I other than ankviO!!toma.l •. 
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(d) Coccidia. 
(e) Other parasites speoified. 
(f) Undefuled parasitse. 

117. Appendicitis a,nd typhlitis (108). 
118. Hernia.._ Intestinal obstruction (109). 

(a) Hernia. 
(b) Intestinal obstruction. 

119A. t>i3Ca8e.B of the antt.! and stercoral jistu.l.m. 
119B. Other diseases of the intestines (110). 
120. Acute yellow a1rOPhY of the liver (Ill), 
121. Hydatid tumor of the liver (112). 
122. Cirrhosis of the liver (113). 

(a) epecified as alcoholic. 
(b) not specified as alcoholic. 

123. Biliary calculi (114). 
124. Other disoases of the liver (115). 
125. Diseases of lb.e pa,ncreas (116). 
126. Peritonitis of nnstated origin (117), 
127. Other diseases of lb.e digestive syotem ( ... ncer and tuberculosis 

ucepted) (118). . 

VII.- NoN-Vll~llEAL DI.$k-4BES oF THE GEmro-uru!fAR'Y Sn'l'CM 
AND AANEXA 

128. Acute nephritis (including unspooified under 10 years of ogs) 
(119). 

129. Chronic nephritis (including unspooified 10 years and over) (120). 
130. Cbyluria (f21). 
131. Other diseases of the kldneye and anoexa (diseases of the 

kldneyo in pregnancy excepted) (122). 
132. Calculi of the urinary pa.soagee (123), 
133. Diseases of the bladder (124). 
134. Diseases of the urethra, urinary abscess, etc. (125). 

(a) Stricture of the urethra. 
(b) Others under this ti tie. 

135. Disea•ee of the prostate (126). 
136. Non~venereal diseases of the male genital organs (127). 
137. Cysts and other benign tumors of the ovary (131). 
138. Salpingitis 1111d pelvic abscess (132). 
139. Benign tumors of the uterus (129). 
140. Non-puerperal uterine hemorrhage (128). 
141A. M.m.ti8 (130). 
141B. Other diseases of the fetrulle genital organs (130). 
142. Non-puerperal diseases of tho brtl•st (cancer excepted) (138). · 

VIII. - TR1!1 Pul!ilU'EilA~ 8TA'l'l'l 
143A. N.,..,.,U Ohild)yirlJI, 
143B. Aeddents of pregnancy (134). 

!a) Abortion. 
b) Ectopic gestation. 
c) Other a.ccidents. 
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144. Puerperal hemorrhage (135). 
145. Other accidents of childbirth (136). 

•(a) Cesarean section. 
*(b) Other surgioal operations and instrumental delivery. 
•(c) Others under this title. 

146. Puerperal septicemia (137). 
!47. Puerperal phlegmasia alba dolens1 puerperalembollsrn, or and-

den death in the puerperium tl89). 
148. Puerperal albuminuria ud oonvalsions (138). 
149. ll'ollowillg childbltth (not otherwise defined) (149). 
150. Puerperil diseases of the breast (141). 

IX. - Dl&PlASES OP' THl!l SJUN AND 01' TB.Iil CJtLt.UL ... ~ T.lseUJ!I 
151. G&Dgtene (142). 
!52. Furuncle (143). 
153. PblegJDon, acute abscess (144). 
154. Othef. diseases of the skin and annen (145). 

~~l r=.ylo8l.. 
(c) Other diaeases. 

X. - DISEASES 011' THE BoN:IDS ANI> OF THE ORGANS Oll' LocoMOTION 
155. Diseases of the bones (tuberculosis and rickets excepted) (146). 
156. Diseases of the joints (tuberculosis and rheumatism excepted) 

(147). 
157. Amputations (148). . 
158. Other diseases of the organs of locomotion (149). 

XI.- MALI!"OBMATIONS 

159. Congenital malfonnations (150). 
(stillbirths not included). 

•(a~ Hydrocephalus. 
*(b ('..ongcnital malformations of the heart. 
•(c Others under this title. 

Xll.- EARLY INFANCY 

lOOA. N wr8li11J!R discharged from hospital without disease. 
lOOB. Congenital debility, icterus, .and scleroma (151). 
161. Premature bittb; In.iutY at Dirth (1~1). 

•(a) Premature birth. 
•(b) Injury at birth. 

162. Other diseases peculiar to early infancy (152). 
162. Lack ol care (153). 

XIII. -OLD AGil 
164. Senility (154). 

XIV.- ExTERNAL 0AUBE8 
165. Suicide by solid or liquid poisons) COttO!Iive substances n

cepted) (155). 
166. Suicide by corrosive substances (155). 
167. Suicide by poisonous gas (168). 
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168. Suicide by hanging or straDgU)allon (157). 
169. Suicide by drowning (158). 
170. Suicide by firearms (159). 
171. Suicide by cutting or pierdnl! instrtunents (160). 
172. Suicide by jumping from high places (161), 
17ll. Suicide, by crushing (162). 
174. Other suicides (163), 
175. Poisoning by food (164). 
176. Poisoning by venomous animals (165). 
177. Other acute accidental poisonings (gas exeeptod) (165). 
178, Confiagration (166). 
179. Accidental bums (eonfiagration excepted) (167). 
180. Accidental meclwlical sn.B:ocatien. 
181. Accidental absorption of irrespirable nt poisonous gas (168). 
182. Accidental drowning (169). 
183. Accidental traumatism by lirearma (wounds of war exeepted) 

(170). 
184. Accidental traumatism by cutting or piercing instrtunents (171). 
185. Accidental traumatism by fall (172). 
186. Accidental traumatism in mines and qwurles (173). 

*(a) Mines. 
*(b) Quarries.· 

187. Accidental traumatism by machines (174). 
188. Accidental traumatism by other crushing (vehicles, rallwaya, 

landslides, etc.) (175). 
'(a) Raib:oad accidents. 
·~b) Street car accidents. 
• c) Automobile accidents. 
• d) Aerojilime and balloon accident& 
*(e) Injuries by other vehicles. 
•([) Landslide, other crushing. 

189. Injuries by animals (not poiaoning) (176). 
190. Wounds of war. 
191. E-'ltlOn of civilians by belllgerent armies. 
192A. Faii.gut,. 
192B. Starvation (deprivation of food or water) (177). 
193. Excessive cold (178). 
194. Excessive heat (179). 
195. Lightning (180). 
196. Other accidental electric shocks (181). 
197. Homicide by firearms (182). 
198. Homicide by cutting or p!erciJ.1i instruments (183). 
199. Homicide by other means (184). 
200. Infanticide (murder of infants less than one year of age).* 
201A. Di•looofMna. 
20lB. Sprains. 
201C. Fi:acture (caUBC not spooifted) (185). 
202. Other external violence (cause specified) (186). 
208. Other external violence (cause not specified) (187). 
• [This title to be omitted when homicides are sbown by ages under 

Titles 197-199.] 



SUGGESTIONS TO PHYSICIANS 

XV.- lLL-DEFlXED DISEASES 
,204, Sudden death (188). 
2()6A. Cause of death not speci11ed or W-de11Ded (189). 

•(a) Ill-defined. 
· *(b) Not specified or unknown. 
, 205B. No disease, simulation. 

317 

l[VI.- DISSASIIS 0MIT>ED As HAVING CAUSED LESB THAN 10 DEA'I'WI 

2Q6. Diseases omitted as having caused less thsn 10 deaths. 
Suggesti011s to Pb:ysicians. -In reporting deaths from poisoning stste 

the exact name of poison, whether the poisoning was chrOnic and due to 
occupation, and also please be particularly careful to see that the Special 
Occupation and Industry are fully stated. If the occupation statod on 
libe certificate is not that in whioh the poisoning oocurred

1 
add tho latter 

in connection with the statement of cauee of death, e.g., 'Chronic occu
II&tiooal phosphorus nec;rosis (dipper, mateh factory, wbite phosphorus)," 
Give full" details1 including pathologi>e oonditions contributory to death. 
Following is a. list of Industrial Poisons (Bull. Bureau qJ Labor, May, 
1912~ to which the attention of physicians practicing in industrial com· 
muruties should be especially directed: 
AHtaldehyde, Hydrochloric add, 
Acridine, llydruftuoric acid, 
Aorolein, Lead (57), 
Ammonia, Manganese dio.xide1 
Amyl acetate, Mercwy1 t:lfL alcohol, Methyl alcohol, 

e, Methyl bromide, 
• ADlllne dyestut!s (name), Nitranmne, 
Antimony compounds (nrune), Nitrobeozol, 
Arsenic compounds (name), Nitroglycerin, 
Arseniureted hydrogen, :Nitronaphthalene, 
Benzine, Nitrous gases, 
Benzol, , Oxalic aCid, 
Cotbon dio:dde1 Petroleum, 
Cotbon disulphide, Pheuol, 
Carbon mon<>xido (ooo.l vapor, U- Phenylhydra:zlne, 

luminating water gas, producer Phosgene, 
~ gas), Phosphorus (yellow or white), 
Chloride of lime, Phosphorus sesquisulphlde, 
Cblorine, Phosphureted hydrogen, 
Chlorodinitrobenzol, Picric acid, 
Chloronitrobenzol, Pyridine, 
Chromium compounds (name), Sulphur chloride, 
CJ'anogen compounds (name), Sulphur dioxide, 
Dluomethane, Sulphureted hydrogen, 
Dlmethy~hate, Sulphuric acid, 
Dlnitrob, , Tar, 
J'ormaldehyde, Turpentine oil. 

Not aU substances 'n the preceding list are likely to be reported 
· as ca.uses of dea.th, but the physician should be familiar with it in 
order to recognize, and to report, if required, cases of illness, and should 
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also be on the alert to discover new forms of industrial poil!Oiling not 
beratofore rooogni•ed. In the Bulletin cited full details may be found 
e.s to the branehes of industry in which the poisoning occurs, mode of 
entrance into the bodyt and the symptoms of- poisoning. Attention 
should also be o&lled to mduetrial infection, e.g,, Anthrax (27), and tbe 
influence of gases and vapors, dust, or unhygienic industrial environ~ 
ment. . 

In S.ction VIII the term puerperal is intended to include pregnancy, 
parturition, and ladatioo. Whenever parturition or miscarriage has 
occurred within one month before the death of the patient, the fact 
should be certified, even though childbirth may not have contributed 
to the fa.tal iasue. Whenever a woman of childbearing age, especially 
if ma.rried, is reported to have died from a disease which might have 
been puerperal, the local registra.r should require an explicit statement 
from the reporting physician as to whether the di:rease was or w~ not 
puerperal in character. The following dioo"""' and symptoms are of 
this class: 

Abscess of the brea.st. 
Albuminuria, 
Celluliti8, 
Coma, 
c~ 
Eclam'f?M1 ' 

Embolum, 
Etv.b»rwtnti8; 
Gastritis, 
Homrnm7~(~ne& 

tm(I'Ulllified), 
Lymphangitis, 
Metritis, 

M etroperitortitis, 
Metrorrhagia, 
Nephritis, 
Peltriperitoniti8, 
Peritonitis, 
PhlegmaM alha doleno, 
Phlebitis, 
Pyemia, 
Septicemia, 
Sudden death, 
Tetanm, 
Thrornbo:tis, 
Ure:mia. 

Physiciane om requested always to write Puerperal before the ah<m'l 
tenns and others tha.t miAAt be puerperal in character, or to add in 
puenth~.ses (Not puerperal}, so that there may be no possibility of error 
in the ootnplication of the mortality stati.sticst also W reepond to the 
requests of the local registrars for ndditional mforma.tion when, ina.d .. 
vertently, the desired data are omitted. The value of sueh statistics 
can be· greatly improved by cordial coOperation between the medical 
profession and the registration officials. If a physician will not write 
the true sta.OOment of puerperal character on the certificate, he may 
priV'ately communicate that fa.ct to the local or state registrar, ot write 
the number of the International List under which the de.a.th 6hould be 
ootnpiled1 e.g., "Peritonitis (146)." 

Coroners, medical examiners, and physicians who certify to deaths 
from violent causes, should always clearly indicate the fundamental 
distinction of whether a. death was due to AceidentJ suicide, or homicide; 
and then state the means or instrument of deatn. The qwililication 
'' ptobablt{ " may be added when neces&U'y. 

It is highly desirable to reduce aa much as possible the reporte of 
deaths from " ill-defined disc...,.." 

If phJ>l!ieians will familiarize themselves with the u•ture and 
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[~of the International List, and will coOpel'!lle with the regia-
1flatron authorities in giving additional information. so that returns can 

.
be_properly ~ed, the number ?f !leaths compiled under this group 
,.;n rawdiY diminish, and the statistics will be more cred1table to the 
office that compiles them and more UliCful to the medical profesoion 
and for sanitary purJl<lBCS. 

Sometimes it msy be extremely difficult or impossible to determine 
definitely the cause of death in sorw> c .... , ev011 if a post-mortem be 
ll"llllted. If the physician is absolutely uoable to satisfy himaell in this 
l.'e8pect1 it is better for him to write unknown than merely to guess at the 
eause. It will be helpful if he can specify a little further, as unknown 
disease (which excludes external causea), ol' unknown chronic disease 
(which excludes the acute infective diseases), etc. Even the ill-defined 
eaUIIOS included under this bead are at least useful to a limited degree, 
and a.re preferable to no attempt at statement. Some of the olct 
"ebronics,'' which well-infonned physieians are ooming less and less 
to 111!0, are tbs following: Asph1f.l'ia; Astheni<!; Bilious,..,.,.; Cache'JM; 
Caitmhal fever; Colltipse; Cama; G""'/el!lion; Cya?«Jili•; De!Ji!ily; 
DeliritLm; D<mtitilm; Dyspnea; Ezhamtum; F..,.,.; Gaotri.c fever" 
Heart failure; Laparowmy; Marll8mWJ; POTalysiiJof the heart; s .. ;.;;t;J 
•hock; and Teething. In runny eases so reported the physician could 
state the disease (not mere symptom or condition} causing death. 

LIST OF UNDESIRABLE TI!RMS 

"Aba6ua-," " J~~~ of lw<rin," 
" Abrces1 cJ/luno," etc. 

"A~." "ltt.juru." "ExUrt«Jl 
cauu1.'' " Yioltnct.'' Al.so 
more meeific tllrm11, as ''Dr~JW<n~ 
-inu " '' Oun4full " whiM might 
be 'either a(leid~tal, sWoidal, 
OJ' hom.ioidal. 

'~.4~" ................ . 

•• Anasarca," " A~e.,s ".-, ..• 

(2) 
WM it tuberoulout or due W other infeetion'f Trau• 

matic? The return of " A~.'' unqualifled1 U. 
worthless. State cause (in which cue the fact of 
cl:.ooes " may be quite unin,port~tnt) ar<d loca· 

lmJIOBBible to datsify satisfactorily. AlwaYS stattl 
{1) whetb~ Ac:cidental, Suicidal. OT Homicidal; 
and (2) Melllls of iPjuty (e,o. Railroad oocideltt.). 
Th(lleelon (~.o., FrACture of i:kull) rna.y be Added, 
b~,tt ia of secondary impo~ fQl' prun.l mortal" 
ity atatistiCI:I. 

Cause of the acidoaie? If di~tbetic, writn AMdoris 
(d~ic); if not di.&.betie. wrlto A~ <non~ 
diabetio). 

See " Dr0f13'11.'' 

Frequently coven tuberwloais and other dtJfinlte 
ea.um!\1!1, Name the dieeate cauaiog the oonditiob. 
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LIST OF UNDI!SIRABLE TERMS 

" . ' (!); 
BriQhtt~ ········-···· 

"Brighl'B di<IMU.'' a.cut~ .•••••• 

"Bunts" ..•.••..•..•..•..•. 

"c~.,.Cfr." "Carcinotnt~," "Sa.r~ 
Ct:lfM," etc, 

'' CtJtarrh " .•••••••••••••.•.. 

"tJMdioc in~," "Cwdi<Jc 
dfQ<J'MJNtion," "Cardiae weak~ 
mM," et\:, 

" Co.rdiae dt1atation " •• , • , , • , .. 

'' C.Uu'lid.JJ" •••••••••••••• 

" Cwebral «o/Uninu " ..••..•••. 

"Co\lt'j!brt><~,tH'ntU mtninoitiil '' •.• , 

" OonotstWn," "CottOii,«lion. IJ/ 
bowel~,'' " C'ongul<ion of 
bro.in,'' '' ConQ<~stWn a/kidney•," 
•• Conqe•tion of llmfiB," eto, 

"C'"'~,'' " Hcknnpria," 
"Fit," OJ' "FiU." 

I RZASON WRY UHDil8tBAliLR, ANV SuGGBM'ION l!'Qll; 
MOI"Ill Dlil2"JNITE STA.T.V.Ml>NT or G.\Uillll OJ' DIIIA'tJl. 

WfUI it ti.QU~ or ehronil~ ~k. if aoute1 what was tbe 
cause? Waa :it puerpel'fl.l? 

W'hat waa. the c•uB$ ol the acute ''Bftoh.t's ~ ~>r 
If it a,ppea.red at a. complle~ttion or sequela of 
eome other dbleaee or Nln(lrtfill} condition, IJ~te 
nature of the same. Waa it P1!01Y!lr~? When 
no catt~~e can be ascribed write ·BrtglWU dinave, 
acute (ea.uac unknown), 

When this condition tenni.P.a'W$ IJl~, wbaoping 
e~!11 or 111ome other dieea~~e:..the primru·r. diaeaae 
""""" alw.,. be otated. wbmi bronebop,..... 
ruODia. i"' itijelf primary, the <X!rtifioate should bt 
written Brondlopoeumonia. (prim.ary). 

How rooeivedf If due to oonfl.asratlon, Pa burning 
houee, ru:ll.itle :tlre, ete., Ito(} at.at&. Allo IIUite 
whether aecidl:lnta.l, auioidal or homicidal. 

In all cases the orga,o or PJI1 firlilt affected h1 
Od.oel' ahould be ~ 

'rerm heat a.v-oided, if l)(JABible. 

See .. !f""t di~"" Nld" Heaf'Cfwilu,..," 

Do not report when a mere terminal condition. 
State Qa""'-

Wha.t W:lloll t.1w cauae1 If due to ~. 
cerebral hemorrhare:\emboli.em, thrombosia, tmu~ 
mati&m, or any O'UWI' difsoorru.ble eawse atlltG 
naLrue ol the same. 

See" Meninoitis." 

Alone, the word "' t:IJ'Itdt~i611. '' ia ~ and in 
combination it is almost equally undesirable. If 
the diseas& amounted w i~maticm, Ufle th~ 
proper term (lobar pneumonh~. chronio nephrlti,s1 
enterit.ia, etc.); merely passive ooni(!Stion ahowa. 
not be reported M a cause of death. State tho 
prlUUl1"f' cause. 

'' tt ia hoped that thil indefinite term f" C'0111Ul• 
nmu '') will he:ncelorth bere6trieted to thoee CMeflt 
in whi(lh the true cause of that 11ympltm> can not 
btl~- " Fit.- TbU. ie a.n Obiootionable 
term: it is indiscrjmipately ap_plied to epilepa_y, 
eonvulaiott3 and apople11:r in dtfl'~rtmt Pf!,rl:a of the 
country,"-Dr. Farr, m Fir.t. Rep. RA:.tJ.~. 
1839. 
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LIST OF UNDESIRABLE TERMS 

" (1) ;r: (}roup ..... " ............ . 

' 
r·· Jlmtif.ion," " T~ethi.nrJ " •..••. 

i..~."" Trouble,"or"CO'J'Ir< 
..L..-Ad;" of (an-11 organ), e.g., 
r.IMnD~.····xw'fK11~ 
flloW4," '' Diwau of brain.," etc. 

'i• Drop111 ",, • • • • • • • • · • • • • • • • • 

.. J!lch.,na of "llJU'il ............ ' 

t•lli/.e'lttuJofl~·· •••••••••••. 

" ~MUem of urine " .... , 

.. ,tflll' ..................... . 

"Gmc-al deMIJ," etc .... , . , .. , . 

" Ofneral sciBToei• " , . , . , , , . , , . 

I R&A.eoM WnY UJ'fPIIIUBAJJLIIl, AND SlJGU.S8TlOM ros 
MouD~STAHIIXNTO"CAunorDmTH.. 

" Croup " is a m011t per~~iou& term from a pubUo 
health point_ of view, ill! not contained in any form 
i..n t.he London or Bellevue Nomencla~bd 
llhould 00 entirel.Y dieused. Write Di ia 
when this diBeue l8 the caUS(I oi death. 

State dieeaso cauelnc death. 

Name the diseue. e.u .• Lobat pneumonia, Tubtr-
culoaia of lua,c&, Chronic Uit«atitlal nepluitia. 
SJpbiUtie &1IDUDA of brain, etc. 

" ' Drop11J ' ahotdd never be returned as the oauae of 
death without particulars ttlil to ita ~robable or~in, 
e.g., i.n di8ea&e o£ the heiU't, Uver, k1dneya,etc.' -
R~. Name the cliseue c:autio& 
(th• ~ aod) deAth. 

What wal!l the ea1J1e? lf due to diaease of arcy part, 
speeify, or if to inJury etate whether aeeidental, 
suicidal or homicidal~~ond the me"ns of injury. 

Us::;:~ terminal Na.me the die&ase oowPq the 
'tion. 

What was the cauee? If due to a diBM.eed condi
tion of any PMt or followed an operation or inJury! 
deflne the primary eondilion, if known, U o 
traumatic origin1 , state whether aeeident11.l, 
auioeidal or homioel<Utol lUld the MeaJlllo o.. ioetru
men.t of death, 111.q., automobile, ~. eta. 

Nal.lW the disease, u Typhoid fever, Lobar poeu .. 
monla, Malaria, etc., in wbioh the •• fever 11 

occurs. 

Indefinite: the principle of dauiftoation for ;enera.J. 
.......titv .... ti&tico 18 ""' ""' "'""" bnj.\!1,:;!:Mture 0( the violence that prodl.\06d it • 
tal, :Suiddal, Somiddal), and (2) the ,.... of 
injury. 

What waa the eau1e? If due to embolism, rne~;~han· 
ioal obstruction or paralysie, state as clearly as 
P?Et!rible the nature of thtl afteetion. ll due t.o 
violence, state the tne&DB or W.ttument of injury, 
e.g, automobile revolver, etc., and whet.ber 
accidental, auioidal or bom\(:ldaJ, 

Frequently wort-hlesa aa a st11,tement of the actwd 
eauae of dBa.th 'i the tertns ehould not be loolely 
QBed to cover a moat any fat&l affection with lfn.. 
"tati(lll of stomach. G~terltia? Aoute or 
chro:nie, and eauaet 

S('e "Old aoe." 

W o.s it ~~:en~ral scleroaia of the ap!ne.l cord, or Gonral 
IU'kdoac.lero8:is? 
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LIST OF llNDESIRABLE TERMS 

• (I) 
•• Ht!iJ/11 dit«~au, 1' "lleo.,.t lravble," 

eY9Il '' OrUGnic heqrt lra~ble." 

"11~" ..... ...... . 

"H~M,o:~" ...... . 

" H'VMiert.ckrm'JI " ••••• , •••••• , • 

"ln/Mtik aath.nia.," "In/an.lib! 
at.roph1;," '' I'fl./tl,ritik ~biilty,'' 
etc. 

.. lnJantiW pa.mlyWI " •.•••. , .. 

" Inflammation ,. , ••••.••••••• 

" Lavarotom.y ". , .. , .••••.•••• 

'' Ma!Wnant," "Malignant ;;U&. 
eats. 

"Malnutrition" .......•..•••• 

" MfmbrtmouiJ lar1111qitis " .• , , • 

RJJlAIJON Way UNDEsnuJu£, AND Svooii6TioN PO 
MOBil Dlil"~IT!I $1',A.'l'illlr.N''r OJ' C.a.\I&JI!I o., DsA'l'l: 

(2) 
The. exact. tortn of the CardiM affection, l!l.S 'Mitra 
re~&itation_ Aortic stenosis, or, le$1:1 procise1y 
a.a Vabrulat b.eart ~' 1:1bould 00 atated. 

" HtJMt jQ.:IJurg" i• a. t'lWognised synonym, e'Vetl 
among the laity, fot i&nottJ.nllt! of the Ca1Jlle oi 
dea.th on the pa.rt of the phyaicio,n. If the pbyai
clo.n can m..ilke JlO mom d~tUto 6ta.Wmeut 
it muat be compiled IUUOnfl: the elu. of il~rwd 
di&la.te.~~ (twA' uuder heNt ~). 

Frequently mask tubereul~ or dee.tbfJ from in~ 
juries (~rauma.tic hemorrhage), Puerperal hem~ 
orrbge1 or hetnorrlul.ECelldter ~tion for varloue 
conditiON, What was t.h& CAUse and locatioa. pf 
the hemorrhage? I! from violence. atate fully 
(p. 11) •. 

State meal.l.fl etnployed, t.g., poi®o. revolver, ~to. 

" It is desirable that deaths !rom hydr~alue of 
tuberculous origin shollkl be d~tely ~ 
in the certificate to Tubercu.tnu.s t.llCD.iqitij, so 
&II to die.tinguiffih Utern from death~~ e6u.ed by 
aimple ioftamma.tion or ather ~ of the br1lio 
or ib tnembr11,nos. Congenital bydroupbalus 
ebould rdWitYl'l be returned a.s suoh." - B,gWr~ 
(.knm-ai. 

Sts.te ~rima.ty ca.WI0 of ooadition. II tubel'tl\110'tl8 
merungitia, ao state. If not tubereulou& wriu, 
Hyi;lroceph&lu.s, acute (not tubereulous). 

Seo " Op.erdt:itm." 

See " Atrophy." 

'l'bia temt is Aometimes ueed tnr paraly~is of inf&ntl!. 
c.a.used by instrumental delivery, eto. The im~ 
lXI*iallfOO qf the di&eaee In ittl recent endemle aud 
f;pidexnle ~1enee in the Unitod Stntlls makee. 
the ex&6t and unm.illtl\kahte e1):>ressions Ac:ute u~ 
terior politn~~Yelitifl or Itdaatfle pa:taly!lis (aeute 
anterio-r poUOOLyelttis) desirable. 

01 wht.t orpn or part of the bpdy? Ca.uae1' 

See"~Wn." 

ShouM:l be reetrietOO {;('J use a& qualification for neo
pla.srns.; ..,. Tl.UllOt • 

See '' Atrophfl." 

Sta.te clearly whether d.iphthflitie or not, 



LIST OF UNDESIRABLE TERMS 323 

LIST OF UNDESIRABLE TERMS 

•·N~~" ....... , ... . 

" Ne-phriti..&, ~ ''. 

"P~~~." "GeJ'I.ero.l_paralto~sit.'' 
"P~ ..... ~~." 
"Palt111,'' etc. 

"P.wl)l;idUis (parotitis)'' .... - •• 

" Plt'faralian or rupture o/ a part 10 

l lbu.ao:N WnT UNI»:8laADt.Jl, AND 8VGGB8'1'10N :roa 
Moan: DEFINITE S'J'ATEMENT OF 0AU8il OF DEATH, 

(2) 
Only th~ tennt ahould evor be u.ecd to report 

deat.ba from CerebtOBpiQal feYer, 8Yrwnums, Epl.. 
demie cenbrospiql nteoind~ ~~ 
meninptis, and they shouldOe writUJn aa above 
and iQ no other way. It me.tter. not in~ t11e 

~~~~\:~hf!Ji:~t ~~~~ 
adic case sbould be eo reported. No one can 
in'Wligentl,y cl.aBsify auc.h returll6 M fU'o given in 
the ma.rgiU, Mere terminal or wyrnptornatic 
meninaitis Would not be entered at all lloS a. ca.~ 
of death; name the di8eaee in which it occurred. 
Tuberculous meni.n&itis should be reported e.a 
.. eh. 

TW.. atAten:tent eliminate. eJtternal e&lllJIIliJ, but it 
otherwise of little value. What disease (Fob .. 
~bly} cau9ed death? 

Was it aoute or chronic and! if aeute, what was the 
ca~.U~e! W aa it puerperal 

Wh&t waa the catllle of the aeute nephritis? U it 
t~-:P.PCMred M a Qoruptioo.tion OT aeq:uela of flo!ll.e 
other diseaae ot abnormal eondi~ t1t&te tw.twe 
of the n.me. W aa it ~erpetalt w nen no ea.\111111 
can be ascribed write Acute nephritis (ca118e un
known), 

Too often ueed for do.t.ht nf elderl.v UN"88lW who llllf)-o 
c:umbed to a defh:Uta di~eue, lfame the d!1eaae 
ca.U1in& death. 

All these are entirely ind('6nite e.nd UWJatisfactonr' 
_..._ ..... ...._ ........ m....,..tobehela 
primarily responsible for the de-ath. Name th(l 
disease, abDOnual condition, or form of edemal 
violence (Means of death; accl.dePtal, 'uloidal, 
or homici4Al?), for which the OJWUtion wu per.. 
fotrr:wd, If death wu due to an aneathGtiu (cbll)o. 
rnfotm, ether, etc.), state that fact and the name 
of tbe aDeBthetic. 

TM vague use of~ te-rn:vJ shi>'Uld be avoided, and 
the preei.Be fortn stated, aa: Acute fl'Kendilll pant .. 
J$is1 Paralyais agitiUls_, Bulb111r Z,':t:~ggla. et.Q. 
write Getti!!~ral paralysis of tho e in full, 
not omitti~ any part of the name; this ia eeaen
tiol for Mtieltu:lo~ oo~tion of this cauae. 
Dietinguish Pataplegl,a u.nd Hemiplegia; a~ iq 
the latter, when ll seq\l&l of ApopleXy <d' Cerobftl 
hamorrhage, report the :primary e&use. 

State definitely wh•ther mllDQJ8 or--not. 
State oaUJe of perfOl'atir.m or rupture, e.g., uloer. 

injut'f by auton:l.obil~&, revolvw ete. and, in oaBt 
of inJury, state whether accldentai, auici4al or 
h""""4&L 
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" . . . " (I) Perilonmt •• , ••••••••••••• 

" Ple&witv "•. • •••• • . • • • • . ' . • , 

" P'Ulmonllry C0114WJtirm, '' " Pnl~ 
tnoftOf'!l hernorrliOUf.!," 

"Pvemia " ... , ...... , . , .... , 
"Salpinailia " ..• ,.,., •• , •• ,,. 

" Sclerosi~t " , , , , 

Rl!:AWN WHT UNPil8IBA.SLE, AND SUGGESTION FOR 
Mon Dell'IHITB STATEMENT orCA~Il Qll' DEATS', 

(2) 
'' Whenever thia oonditioti oooure -either as a oon~ 

aequeneo of Hetuia, Pedoratb:ta uh:er ()f ~• 
stomach or bowel [Typhoid fever?], Appe:ndicJtia. 
o.- Metritis (pue~rat or otherwise), or else 
u a.n ext.enaion of morbid pt'OOOS:IIM from other 
organs [Name the dis.eo.ae], the fa.et should ~ 
mentioned in the certificate, .. ~ Re(li..1trar-.fhnl}ral. 
Alwa,._ apeeify Puetpetal P'l'\i«mitis in euoo ro
fllulting lri»n abo:rtion, miilca.niage, or labor at full 
term. Always stato if due to tuberculosis or 
cuteft'. When traumatie, report means of injury 
and whether II.Cti4e«ltal. »Uiddal. or hom.U:idal. 

State the eause, DB lobar pneumonia, acute rheu• 
matism, tubereul.tll!lifl, traumatism. If due to 
violence, state the Il:l8aXl& or inatnunent M injtll'Y, 
c.q.1• autotnobile, revolver, etc., and whether 
RCCUIMtJ!II, ~1, <IT homid&tJ. 

"Pneumonia, .. ·without qualification, ia indefinite; 
it should be clearly atated either as Bronch(lp.neu .. 
monia or Lobar Plleunti:»ula. The term Cr.o!P" 
ous pneumonia ia a.lso cles.r, "'£he term ' llf': 
phnid pneUmtlrtia< 'ehonld neYer be employed, &!Itt 
may mean either l!:nterie fever rt'tPboid fe'Vet) 
with pulm(WAry oomplier.tioJll, on the oDe Mnd, 
o:r Pneurnonia \\itb ao~called typhoid sympt.::mll 
on the other."- Rctrifdrwr.(Jenercil, When lobar 
pneumonia or brnneho~nevmotrla ooout'f in the 
courSe .of or following a. <liseMe, the prima.ey' eause 
should be entered first, with duratiot~, and the 
lobar p.neurnf.!P"" ot' broQohoptU'lllDlOtria be ~;~ntere! 
beneath aa: the ooutributo.ry ~uee-, with duu:tlan. 
Do not report " Hypo&talic pn.eumoniG " o:r other 
mere terminal eonditions ae causes of death when 
the diseas.e causiq death can be uoertained. 

These terms are used very loooelv e.nd it ie impoeo 
aible to rompile l!tatietiea of vn1:ue unlesa greater 
precition can be obtained. They ehould not be 
uaed when merely descriptive of symptoms or con
dition& arieins in the course or diseasea, but t.he 
diHase eauSbl& death should alone be namad. 
" Ptotnll.in i8oning " ahould be J'elltriet.OO to 
deaths resuftfng from the development of puR& 
f&(ltive alkaloids ot other poisons in food, and the 
food ~houkl hu qamed, .u ~ poieooip.s 
(musecla), t;ltc, 

See" ConoiUH.tJt~.," '' H~hi).(Jt," 

S" "S6plicemia." 
To what WM the aalpi.nait:W d1.1.ef If of II(Onottheal. 

&yphilitio, p11etl)(lral or tt•e.\JJil.il.tic otill.in, state 
the facU as fully all possible. 

Was it sclerosis of the &pinal cord, Ot' GeMtal 
arterio.~clerosla1 

-----------------~ 
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LIST OF UNDESIRABLE TEIU4S 

.. /J]fooJ!; ,, (poiJt--Operative) •• ' •• 

HS'{Ifl;ific'' ...... .......•.•.. 

"~I'll~"-····· 

.. _ ................ .. 

II f"fUIUI.i'¥1/1 II, , , , , , , , , , , , , , , • , , 

"2'~1a." ................. . 

i• MIWCUlo.U ", •.•.••••••••. 

"Urem.\4",., .••••.•.••.•..• 

" UterlYw hemorTh.age ", . , . , . 

I R.llA&ON Ws:Y UNDI:I'llRABU. .u;n SuG(lW:rtoH i'oa 
MOREl DEFIN1'1'l!l8TA.T!IanlNT O:f' 0Au8lll OJ' DliiA'.I'B. 

Al~!\fS state cause of tg! eon.ditiol_h and, ii looal
iled, part affected, Puerperal? '1'f'8.umatio (see 
p.un 

See .. Operation!' 

The word B~ciik should M'Vk be \leed without 
fwther OOtplane.tion, It may signify lfii'PIJ_iUt:io, 
~. gonQI'Titeal1 dtvhthfritie, etc. Nam0: 
tlu>~. 

What was the cause of the stricture? If due to 
oouaenital s~ia, cica,trlcail oontraction or 
tumm· of esophagus., to p:ret!flure ftGm aurroundins 
pa:rt8 or other discernible cause, e:tate exact nature 
Of IJ&m$c. 

State lll-eans ew.plo~d 1 e.q., dro~ fWllhot. etc. 

''The UM of this term('' 7'abf.B ~'')to d• 
ll!Oribe tuberou1ous d.iile&Ae of the peritoneum ot in
testines 1:1hould be djacontinued, Mit ifl frequently 
ueed to denote va.rioua other wasting diiJOIIIJe& 
which are not tubexoulout. ~uloas perito-. 
niti8 ia the better term to employ when the condi
tion ia due to tuOOrcle." - RtgirirrJiNJtntraJ, 
Tabes dotsalia should not be abbreviated to 
"Tabe1." 

See"~." 

See "Ptrnnain pl.lkr.minu." 

The <.u"g&n or pa;rt of the bodv affeeted Bbould alw•Yt 
be st.ated,. $It 'X'ubereulosi• of the lUXtgJt Tubet. 
culolis ot: thll!! '~!:Pine, Tuborculous menlngltia, 
Awt~ seural $iliary tub..-e~ etc. 

Thuee tenna sho1dd never be used without the quali
fyi:ng worda ~nt, Norunati~t, or Be
m,;n:. 1£ malignant, t.h~y belbng Under CanHt, 
.and 1!-hould preferably be so reported, or under the 
more e:m.ot Wrmt~ Ciucloruna, Sarcoma, eta. In 
aJ.l Casefl the oqa.n or part lift~ should be 
specified. 

Name the di$eaae causing death, i.e,t the primary 
<:&uae, not tbe m~;re terminal oonditwna or 9lllP'" 
toroa, and state the duration ot tho ptfllll.t'J' ....... 

See" 1/emorrhaoe." 
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Some of the syuonyms used for "typhoid fever."- Tl 
following is a partial list of tei'IUS which have been lll!ed t 
describe typhoid fever: 

Abdominal fever, 
Abdominal typhoid, 
Abdominal typhua, 
Abortive typhoid, 
Alllbulant typhoid, 
Cerebral typhoid, 
Cerebral typhus, 
Continued feVE!l', 
Enteric fever, 
Enteriea, 

~ Gasttoenterie fever, 
!Lemorrhagic typhoid fever, 
Deotyphua, 
Intermittent typhoid lever, 
Malignant typhoid lever, 
Mountain fever, 
Paratyphoid lever. 

Para typhus, 
Posttyphoid abBcess, 
RbeUDl8.tic typhoid fever, 
Typhobilioua f~ver, 
Typhoenteritis, 
Typhogastrio fever, 
Typhoid fever, 
Typhoid malaria, 
Typhoid meningitis, 
Typhoid stupor, 
Typhoid ulcer, 
Typhomahria, 
Typhomalarial fever, 
Typboperitonitis, 
Typhus, 
Typhus abdominalis. 

This shows the great need of standardization. 
Joint causes of death. -The Bureau of the Census in 

1914 published an "Index of Joint Causes of Death," which 
showed the proper method of assignment to the preferred 
title of causes of death when two causes are simultaneously 
reported. This index, alphabetically s.rranged, was very 
.lll!eful. Physicians sometimes report two or more causes 
of death upon the death-certificate. This may be histori
cally true as one disease may be a complication of the other. 
For statistical purposes, however, ouly one cause can be 
tabulated for each death. Out of the two or more causes 
given one must be selected, and it is a matter of great impor
tance how this is done. For some years the attempt has 
been made to separate the diseases reported into the primary 
cause and secondary calll!e. As this gave rise to some uncer
tainty as to which was which, the form of the Revised U. S. 
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kt.a.ndard Certifi<lltte of Death asks for " The CaU!I<l of 
rr;.;th" and for " The Contributory Cause (Secondary)." 
'The English, French and Germans have laid down certain 
.rules for making the proper selections. In general, it may 
·be said that the primary cause is the real, or underlying, 
·CIIUil8 of death (the primary affection with respect to time 
and causation). 

At the present time (1922) the Bureau of the Census has 
not issued an Index of Joint Causes based on the International 
List of 1920. 

Occ:upation. - During recent years the study of the reJa. 
:tion between occupation and disease hM received much 
attention, and this study has shown the very great impor
tance of the industrial hazard. Fundamental to such a 
."study is a proper classification of occupations. The list 
which follows was published by the Bul'<'.au of the C-ensus in 
1921. It is taken from a report entitled " ClaJ!sified Index 
to Occupations," a book of 173 pages. 

This cillllsification contains 224 main groups, 95 of which 
ilre subdivided, making a total of 572 separate groups. The 
industrial field is divided into eight general divisions, and 
tach occupation has been " classified in that part of the 
ndustrial field in which it is most commonly pursued." 
lerical occupations are classified apart. The classification 
1 along occu.paliowil rather than industrial lines. In the 
'ble each occupation is indicated by a symbol consisting of 
U'eefigures. 
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UST OJ OCCUPATIONS AND OCCUPATION GROUPS WITH 
THEIR SYMBOLS. 

--:----------·-··-----

0 0 2 
000 
0 0' 
00& 

0 0 8 
0 I o 
012 
0 I 4 
010 

0 I 8 
020 
0 2 2 ... 
0 2 6 
028 
030 
0 8 2 

0 8 4 
oao 
0 3 8 
040 ... 
OH 
0 •• 
048 
050 

052 
OH ... 
068 0. 0 . ., 
003 
OH 
066 
006 
0. 7 
006 
069 

Oooupa.tion a.nd Oooupatio-rr, Group. 

AGltlCUL'X'URE, FORESTRY, AND ANIMAL HUSBANDRY. 

Dairy farmers, fB.tlll-efll, and &Wok :rai.llera 
:Oai.tyWmers 
Fatnien:l, aenW l'a.rma 
Fa.rmei'Il, turpeotine fa.tnls 
Stock ...... 

Dairy farm, farm, and stock fa.rm labotet'll 
Dairy farm laborers 
!!'ami """"""" (-farm) 
Farm laborerS (working out) 
Fann laborers (turpentine farrn) 
Stock be~, drovers, and fe.den 

DalrE.artu, farm, p.rden, orchard, t:<to., foremen . farm-arm forem'iln, geuemlfftl'nUl 
Farm foremen, twpentine fatma 
Fann fQI'«Jlen, $1"AXlk farmil 
Garden and greenhou:Je foreme-n 
O.mhaxd, llW'IIflrY, etc., iommft 

Fie.bermen and OY1Jtermen 
Forestera, iotest ra.ng,&rs, a.n.d timber cruisers 
~. fll)l'ist.L'I, fruit~' and DUI'IMII'ytQC 

Floriet11 
Fruit..-... 
Oa:rdenera 
Landscape gardeners 
N111'9(1r~n 

Garden, t:roonhowe, orahard, tmd nurHrY Jaboi'G'nl 
Cranbe:r:t)' hog laborers 
Garden taborere 
Oreenhouae laborera 
Orcha.l'd a.ud DUfiM'Y laboNl'S 

Lumbermen. raftsmen, and woodcboppom 
Foremen and ovorOO(tl'S 
l)lllp6(!tora, seaters, and aurveyoru 
Taamate.u e.nd haulera 
Other lumbo;,nn!»l, rt.ftmnen. and woodchoppers 

Ownera and managem or log and timber cu.mps 
Mn.nagers and offiuiala 
Owners ao.d proprietors 

Other agtiuu!tural and animal husbandry t>Ursuita 

e .. rn ehellers, hay balers, grain thresher~, etc, 
itchera (farm l 

Jrr.igatort~ and ditch tender& 
Poultry rai.!ers 
Poultry ya.od ~ 
Other and not 'lflptlcified pUmlite 
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LIST OF OCCUPATIONS AND OCCUPATION GROUPS WITH 
THEil!. SYMBOLS - Continued. 

0 1 0 
071 

01< 
• 1. 
0 7'8 
0 8 0 ••• 084 
086 

0 •• 
090 
092 
084 

096 
0 9. 

100 
1 0 ' 10. 
106 
'1 0 B 
110 1" 114 
116 
118 
l20 

"' 1 ' • I 2 6 

127 
128 

12 9 
1 so 
tal 
182 
13< 

1 a • 138 

EXTllAOTION OF MINEllALS. 

Oper~torl!l 
Coal mine operatives 
Copper mine operatives 
Gold ~d ailver minco operatiWJIJ 
Iron mine Qpl!ll'ativee 
Opera,tiv.s in iltll1K' and not tptei6ed miDtlll 

Lae.d n.nd zino mine operativM 
Other Apoolfled mine operatives 
Not llp00i6ed mine OIJ61'ativea 

Owottv .......... 
Oil, W, and salt well opemtivu. 

Oil and gM well opNativ .. 
Salt well and works operatives 

HANUFACTlJltlNG AND MECHANICAL INDUSTRIES. 

ApprentletJ!Il to building a,nd hand tradea 
:Siaobmiths' apprenticea 
Boiler ma.k.;:ttlf apprenti<'l" 
Cabinetma.brlf' &pptentiota 
Clarptutcm' apprentiooB 
Coopera' appnmtioll:l 
ElectrieiaDB' apprentices 
Maehinists' apprentioos 
Muollf!' apprtntklea 
Painters', ctasi...,•, and varuillhers' apprentical 
l'ape:r ~era' ~ntiea!l 
Philtere:ta apprentices 
Plumbom' apprentices 
H.oofel'l:l' and alaters' apprentl003 
Tinam.ith!l' and oopper11mith~,,fCtioea 

Appretaticee to ~and · 
Dreannalr.ers' ~ti.ool 
r.~uu ..... .,.,..,'-

Apprentieet'l, other 
Al'<lhitoots', dMigners', and draftmen'a appnmtitl81 
Jewelers', watchmaker&', gold.am.iths', and ailversmlthft' apprentices 
Frintens' and bookbinderi' lll'PJ.'IDlticelt 

Ba~her apprent.iQIIJ 

BIMkllmlthtJ, fol'gtmen, and bammermtn 
Bhwklmiths 
Forpm$1l., ha.mmermon, and w&lder.a 
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LIST OJI OCCUPATIONS AND OCCUPATION GllOUPS WITII 
THEIR SYMBOLS- Continued. 

s,;,.. 
bol. 

I 4 0 
I 41 
I 40 14. 
us 
15 0 
112 
I 5 4 
I 58 
I 58 

15 0 
I 52 

16. 
156 
I 6 8 

I 70 
172 
I 7< 
17. 
I 1 8 

ISO 
1 82 
184 
I 85 
I 8 8 

190 
1 92 
19 4 J9. 
I 9 8 
200 
2 0 2 
20 4 
2 0. 
2 0 8 

210 
' j 2 214 
2 I 8 
2 I 8 

Occupation and ()ooupation Group. 

JrlANUFACI'liRING, :ETC.- Contmued. 

Boile:r makora 
Briek and stone maaons 
Builder. and building contractors 
Cabi».etmakem c.u,.....,. 
Com!)Q$iton., linotypol's, and typeaetters 
Coop&ra 
DreSsmakefi'l and seamstresses (not in factory) 

=ioian3 Elootrotypen~, a~typotfll, and lithot!;rapbenl 
Elootrotyper& and stereotyper!! 
Lithographers 

Engin•11 (stationary), cranem®, ho.ietmen, ero. 
Epppeem (sta.tiolllti"Y) 
Crallell'len., d«riekm~n, hoLJtxnen, EM. 

Engravem 
File111, grindera1 buffers, s.nd poli~hers (tvotal) 

Bul!ers ana polishere 
Fllem 
Ori""""' 

Fireutf).ll (~t locomotive and fint department) 
Foremen and overaeers (manufacturinK) 
Furv:err!:nir!::~J =~\!e:!::• pourers, eta. 

H ...... 
Ladlere and pourers 
PUd.dlt!l'l3 

Glasa blowers 
.Jeweleret w~:~:tchmakers-, goJdero.iJ.J:~, and Bilveu.mitha 

Goi08JI.liths and lilil~ths 
Jewelero and ~ (faetmy) 
1ewelera and watehmt!.kers (not i.n factory) 

Laborers (n. o. s,t): 
Building, gentl'fl.l, and not aoecifted laborers 
Chelniealllt'ld allied iod\lJtl'i.eB --Paint and varnish factorioo 

Powder, cartridge, dypamite, fU&e, and fireworks lactQries 
Soap fa.ctorioo 
Othm' ehNnical fact.orloo 

Ciar and tobacco taetori.ee 
Cli~. glass, and !!tone industri-oo 

Brick, tile, and terra-cotta faotories 
Glasa footories 
Lime1 ee.rnent, and utillcisl atone hM:WriM 
Marble &od stone yiU'ds 
Potteriea 
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LIST OF OCCUPATIONS AND OCCUPATION GROUPS WITH 

Sym· 
bol. 

120 
'" 224 ••• ... 
"0 . " "' • 36 
138 
~~ 4 0 
$42 ... ••• 248 
"0 ,., 

.'2 5 ( 

;·.~:: 
r 2 G 0 
', ) 8 2 
ft I 4 
~166 

'. 0 8 
huo 
I' 2 7 2 

I 27. 
270 

·17 3 
~ 2 8 0 
".a 8 2 \••• 
,2 8 6 ua uo 
292 
:a" 
118 

;.! ~ a 
~=~. ,I 0 2 

I 

THEIR SYMBOLS Continued. 

Oceu:patiou t1.n.d Occqp~~otion Oroup, 

MANUFACTURING, ETC.- Cont.i.nued. 

L!Aborer~t (n. o. e:.)- Continued. 
Clothing industriea 

Comet fa.Btories 
Olov<:l !a.ct<tri6!f 
Hat fMtoriet~ (felt) 
Shirt, ooUa.r, And uuft' laotorioll 
Suit, eoa.t, cloak, :!Wd ovemll facl.oriea 
Other clothinc factories 

li'ood indU$trioo -Butter, choose, and oonderuted, milk laetorielll 
Cattdy f~tories 
Fi&h curi~:~g a.nd packing 
Flour and grain milla 
Fruit and vegetable cannina:, etc. 
Slaughter and pa.oking hoWJeS 
Sugar (actoriel. and niliiUJI"iea. 
Other food fMtorjea 

Harness and saddle indMtriea 
Hclpern in buildil,l8: and hand trades 
Iron and steel industries 

Agricultural implement faetories 
AutomobUe fJl.Ot.ori~ 
BlAst fUJ'I'W.eO'll and meet rolliD& mille • 
Car and railroad ahopa 
Ship and boat building 
Wagon and M.triage faCtoriM 
Oth(\'r iron and steel factories t 
Not !!PfiCili(ld met;fll ~ndust:riel 

Other motal indwtriM 
Brtl.ll9millo 
Clook and watch factories 
Cop~Jt~r factories 
Gold amd silv.r fa.ct,l)ri,ee 
J'ew.lry factorite 
Lead and zinc facto:ries 
Tinw~U'e, enamel-ware, etc., la.ctorlell 
Other metal faetori«< 

Lumber and furnituro ioduetri.M 
Furniture f(lJ,)torte;;~ 
Piano and orpn &.etorles 
Saw and pla.ninc mille • 
Other woodworking factoriee 
~ e.nd pulp mills 
Printing and publl•hing 

BlAnk book, envelope, tag, paper bag, eto,, factories 
~~publishing, and ol.\l'lgrll.vina: 

Thnneriet~ 
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LIST OJi' OCCUPATIONS AND OCC.1JPATION GROUPS wzm 
THEIR. SYMBOLS- Continued. 

Srm· 
bot. 

• 0. 
a o a a o 8 
310 
31 2 
3H 
318 

• 1 8 ••• ••• 824 
3 26 

82 8 
3 2 0 
3 3 2 a a. ••• ••• ... ... ... ... 
348 ... 
a" a 54 
356 
•• 8 
360 

U2 ••• ... 
368 

370 
372 

374 
816 
178 
•• 0 ••• 
8 8 4 
8 8. 
• s' 

Oooupe,tion and 0oo1J.llfl.tion Group. 

MANUFAOl'URlNG, ETC.- Oootinuod 

~:~n~~Cout.iaued. 
Carpet mille 
Cotton mills 
Knitting mills 
Laoe and embroidery milli 
Silk milia 
Tmile dyein,c:, tilliahioa, and prinWn,; mJ.lls W-orul- mll~ 
Othe> ten11o mlllo 

Hemp and lute tu.itls 
Lineii mills 
Roue aud oorda&e laetorioo 
Sail, awnln.v.:1 and tent fa(ltories 
Not i!I)?OOifiea, textile mills 

Other lD.dustnes 
:Sl'O(lm and brU&b ta~Jtorlts 
Button factot'it:w 
Cbe.rooal and ooke worka 
Ekdric Ucbt ao.d pOww J)lanb 
Electd.eal Rupply tactorlee 
Gaa-lm 
Leather bel,_. ~lle:r eaee. .ate., facl:ori.al 
toiqUOI' and I.NVW'IlP indust:n.. 
raper box hu!tor.\ee 
Petroleum refinwi.ee 
Rubber factorifl8 
Straw factories 
'l"runk factories~ 
Turpentine distillerlea 
Othor miscellaneoualndU8triiiB 
Other not ll);leCified i.oduatrieB 

~ millwri&h.,, and """'""""' 

~~ Too~ors and die settere and sinkers 
M.anqen and Ruperintandents (manufaeturlnc) 
Manufaoturers and offiolal11 

~~~":turera 
Mechanics \n. o. s.1) 

Quum ths, Joc.ksmi~ba, aud belli.t.e.ng:ea 
Wheelwri«hta 
Other moohanics 

MUlera (~n. llour, feed, etc.) 
llillioer& and millinery dealenJ 
Moldtn:, l'ouodtlf'lf, 14-nd outer& (metal) 

Brau molde!.Yi, founder•, and casters 
Iron molders, founders, and ooaters 
Other molders, founders, and casters 

t Not othorwioo ~peeili~, 
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LIST OF OCCOPATIONS AND OCCllPATION GROUPS WITH 
THEIR SYMBOLS - Con!hlued, 

••• 
392 
8H 
8 96 
198 uo 
••• ••• • 0 6 
.08 . ' . 02 ... ... ... 
uo ... .,. 
U6 

"' ... ••• 48< 
•• 6 

• 88 ... ... ... ... ... 
460 

"' 46 4 ••• us 
• 60 ••• ••• ... ••• 
Ito . " 074 

Occupation and Oeeupation Group. 

MANi.rFACTURING, ETC.- Continued. 

Oi.lar8 of UU~Chi.nery 
Paint.,rs, a:la&iera, ~rnishe.rs, enamef9rs, etc, 

Enani&l"'! lacquercra, aud japa.nnets 
Painters, g uiert, and varniahen (building) 
Painter!!, glazieta, and varnisbera: (factory) 

P-ha-• Pattern and model maker~ 
:Pl~~o~terera and cement finiaberil 

Cement .6.niaherw 
Pl......., 

Plumberl! and gas tttad stea:tn. fitter~J 
"'-"'•• and Olato -- (priotiag) ltalt.l'lll and :roD hanile {metal) 
Roofers aDd sla.ters ... 
Se~lled oporativ .. an· o. ,.1h 

CbeF~~d~~dtmtrlee 
Paint and vartrlsh faetories 
Powder, cartridge, dyna.mi~. fUse, a.nd lireworka factotiefl 
Soap factories 
Other oberrtiO$llaoWrlfl8 

Ciga.r IUld toba~eo ftwtorioo 
Clay,~~ aud stone indutriM 

Bnck, tHe, and terra-ootta fMtoriee 
Giaa, factories 
:Ume C»mmOt, and artifioialatiool'le f~ 
Marbit and atone yards 
PotteriAM 

Clothing industries 
Cot~:~t~t factories 
Glove taewiea 
Hat-(lelt) 
Shirt, ooli~Lr 1 &l,ld outr fa.et.oritWII 
SuU, «~at, etoa.k, and overall faotorieiJ . 
Other olothinc ~ 

Foo~riea 

Butter, eheeae, and oondtPSIOd milk lactori'IIB 
Candy factories 
Fish CIU'i!Jg M1d ~ 
Flour and &rain milts 
Fruit and veaetable canning, etc . 
SlAughter ud pa(lkiru! bc.naea 
Sugnr factot.les and refineries 
Other food faei:DriiiJ 

Ba:rneas and aaddle iudUfft:tiet 
Iron and e:teel ioduatl'ie• 

Agricultural implement factol'iea. 
Automobile factories 
Blast furilll(,181J. and steel rollin~~: Plit!B 

1 Include!! tin-plate tactorie~~. 
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LIST OF OCCUPATIONS AND OCCUPATION GROUPS WITH 
THElR SYMBOLS - Continued. 

476 
478 
480 ••• ••• 
'8 6' 
• 88 
"0 ••• ••• ••• ••• ••• 
6 0 2 
• 0. 
• 0 6 
• 0 8 
510 

5 I 2 
61< 
616 
018 

• 2 0 
• 22 
62. 
• 2$ 
&28 
630 ••• 
63< 
• 3. 
• 38 
&4. 

"' ... 
54. ... ••• H2 
,& .& 4 ... 
5 5 8 ••• .. , 

Oooup&tion and Occupation Group. 

MANUFACI'URINQ, l!lTC.- Continued. 

&misklll•d opers.tlvee (:o.. o. s.)- ContJ.nued 
Car and ta.iltoad a}:u)pe: 
Ship and boot building 
Wqon and c&t"riaa;e foot:orieo. 
Other iron •nd ateel factorlea 1 
Not ~tied metal indWJtries 

other ~~ indlJ.8triea 
Braa&mills 
Clock and watch Jaetories 
Copper laet<>•W. 
Gold and allver ftWtotiea 
J'ewelry ract.oriea. 
Let~.d and zinc f1Wtorle1 
Tinwate, el'lamel-ware, etc •• fa.etotiea 
Otber m~:~~l faetoriM 

Lumber and furJtltu.re indUI'ltties 
Furni.ture iaetorlea 
Piano s.n.d Ofllan ia.ctoriM 
Saw and plamng mills 1 
Other wOQdwor.lting Uwtoriea 

Pa~ and pulp ruil!B 
Prrntlng and J)Ublhlhing 

Blaiik book, envelope, tag, J)nPE)r bag. ete •• faotoriM 
Frinti~. publiahing, and engraving 

Shoe ffwtQr\98 
TanlUll'iee 
Telttilft industtiM 

C..,.t milia 
Cotton nUlla 
Knitting miU. 
LMo and embroidery miiltl 
Bitt mills 
Textile dyoing, finU.hiiJg, and pinting, miU. 
Wool-ell and won~Wd mills 
Other tvtilo rnHlfl 

Hemp and jut<\ mill• 
Linen milltl 
llope and cordage~ 
&il, awning and Utnt :itwt<niol 
Not fi~E~~Jified tt.J.ti!o mills 

Other industr1es 
Broom and brush faotorie~~ 

Building nnd btt11d trades 
B\ltton Caetories 
ChaTtlOCf.l aPd OQk,C'! ~orb 
Elootrlo li,tbt and powet plantt 
Elootrio.&J. tul)p(y laetori• 
Gas worka 
Lea.t~r belt, leather ~ 6te., f&ctoriee 
Liquo~ IU'ld bcverq~ hu:l~trQ 
Peper bat factories 

" Iocl.udea "Box factories (wood.)" 



LIST OF OCCUPATIONS 335 

LIST OF OCCUPATIONS AND OCCUPATION GROUPS WITH 
THEIR SYMBOLS- Continued. 

S;rm
bol. 

58< 
66 6 
608 
07 0 

'" • 1 • 

'" 6 1 8 

.a 0 
682 
584 ... 
6 8 8 
Ho 
692 ... 
606 
598 

••• "' ••• . . ' 
008 
• 1. 
•~> ... 
6 I 6 ... 
• 2. ... 
622 ... ., . 
608 
e" 

~u~tion ~tnd Ooo11pation Group. 

MANUFACTURING. ETC.- Continued. 
.E!emilkilled operative!! (n. o . .!1.1)- Continued . 

.Petroleum refineries 
Rubber factotiea 
Straw factories 
Trunk faotories 
'l\ltpeutine distillttrias 
Other miacelle.neoWJ indwtriea 
Other not ~ified industries 

ShOQlnaker,q and cobblers (not in fC4ctory) 
Skilled OOOUJ*tioOfl (n, o ... 1) 

Anneaolers and temperers (metal) 
Piano and orp.n tunera 
Wood carvers 
Other sk.illod QOOUpationa 

Stonecutters 
Structural iron worker. (building) 
Tailors and tailoreeses 
TiiUmlitba and ooppemnitbs 

Coppersmiths 
Tiruut'lithl and sheet metal wwketl 

Uphole.terers 

TRANSPORTATION. 
Waoor tmn~portation (to(l]ected oooupa.tiona); 

lloe.tmen, eartal M(m, and look keepetB 
CaptaiM, :tnaster!l, mates, and pilots 
Lo~horemen and stevedQl'e!l 
Sailore o.nd deck hands 

Rood and $tl'eet transportation (Helet>ted. (}(Wpationa): 
Carriage and hack drivers 
Cha.ufieurs 
Draymcn, t.ea.mstere, and expressmtn 3 

J.o'oren:u;m of li.vQ .00. tra.nafer oompa'Dies 
Garage ko~rsnnd 1\llmiti&rll 
Hoetlers and ~table bands 
Laborers (garage, rond, and street) 

Gamge 
~d Bnd 1trnet building and rep,niring 
St.Ao&t eiMniug 

HVOrf !!table kt~eper~ and t:nanagers 
Propnetors a.nd ~s of transfer companies 

Itaill'Qad tran11portation (t~e1ect&d oocupatioW!): 
&utumm8n .~md frtigb\ apnw 

"138Uagemen 
Freight agents 

1 Not otherwi!G !jpecified. 1 Tea.m&tern in a.gricu.lture,lo-..ttv, and the Mtr;qotffin of m•_nerale a.re oWJ.itied with 
tbe other worken in tboe industrieS, m~tivtlly; and driver& for bakerie. and Iaund.riea 
are olastifit~d with deli verymen in tl&ds. 
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LIST 01! OCCUPATIONS AND OCCUPATXON GROUPS WITH 
THBIR SYMBOLS-Continued. 

l!ym· 
bol. 

eao 
832 
8" ••• 
• 38 
H9 

8 4 0 ... ... 
6 46 

HS 
6 <9 

6. 0 
8" 
6 •• 

'" '66 
65& 

660 . " G&. 
666 
6 68 
670 
67. 
61. 

• 76 
"7 
67 8 
67 9 

••• 68 I 
68' 
883 

88& 
68& 
6 8 7 
68S 
48. 

Oooupation and Q('cupation Group. 

TRANSPORTATION- Continued. 
Ita.llroad transportation (seiMted oooupations):- Continued. 

Boiler WMhors aQd engine ho8tJera 
Brakemen 
Conductorl! (steam railroad) 
Conduetore (strMt m.Uroe.d} 
~!Pen and overweers 

Swam railroad 
Stroot~ 

Laborem 
Steam railroad 
Skeet railto6d 

LoeolflOti ve enciooon~ 
Locomotive firemea 
Motormen 

St.t'Mm mitroad 
Stroot railroad 

Ofticiabl and auPtJjntenden1A 
Stoo.m railro.d 
Stroot railroad 

Switclambn. flecmen and yardmen 
Switehmen and 1\&iMen (steam railroad) 
Switchmen and flqmen (street railroad) 
Yanimeu (Heflm raiJ.oo.ad) 

Tiebt and station apote • 
E:q:~ress, post, telegraph, and telepho1111 (aeleeted ocoupationJ): 

Agent& (8IJ)l'Uifl OOD1)16nies) 
}!dpl\eiS mGIJ88n&en~ and railway mail <:lerb 

ElCJ?reH mell(lnger• 

--mall-b Mail earrlens 
Telegraph and telephone ll.u.emen 
T~aph mlllilll8ngera 
Tel'I"'Ph operators 
'I'etephone opers;tora 

Ot.h&r~tionp~ 
Foremen and overseera (n. o. a.l} 

Road and stroot buildi.na: ~1:1d repRU'illi 
Telegraph and telepb:on,O 
Watet~n 
Other trunaportation 

~~ 
Stroot railroad 
T-ha~~dtelephone 
Othet't~n 

Laborers (li, o. I!J,I) 
broee CI)Iflpaniert 
l'bie-11 ... 
T8Iegra.ph and telephone 
Watet t.ra.naport:ation 
Other transPortation 
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!jusT OF OCCUPATIONS AliD OCCUPATION GR01'1PS WITH 
t TIIIIIR SYMBOLS-Coutlnued. 

Sym· 
liol. 

... ... 
·t I J ... 

. II \t5 
09 0 

"' f99 

, .. 
70 1 
702 
703 , .. i,. 0 6 

: ., 0 7 
·708 
\"70. 
• f. 1 0 
711 

!13 
~n: 
718 

I f 1 9 

., 2 0 

::J 1 ~ 
;7p 
~~I: 
,'718 

\ '7 8 0 
•
1
7 8 I 

'13 2 
f_fa a 
tu • 

~~17 

Occu.pation and Oooupation Group, 

TnANSPORTATION -·Continued. 
Other tranllport•tion p\U'i!Uita:- Continued . 

.Proprietors, offieitils, and mallager1J (n.o,s,t) 
Tel6g!'aJ)h ano;l t0lephone 
Other tro.~tion 

Other OOI:.tupG.tion& (semiskilled) 
Road and ttnJ!et buitdina awl J'llll)l'li;riD 
Steatn railroad 
8tt'Mt railroad 
Telegraph and telephone 
Wa~r tra.~aportation 
Other trauports.tion 

'l'RADE. 
Dankent1 broken1 and~ .kmd•ra 
Ba~ and Dan official$ 
Commercial brok~tr~ and oommiuion men 
Loan brokers and loan company offioip,L\J 
Pawflbrokere 
Btookbrokera 
Brokers not.llfi(ICifled and promotttre 

Clerke in &tore~:~ 
Co"""""""' ......... 
o.ooraton, ~. and wimlrJw dre8eo.tw 
Deli verymen 

Bakeries and laundriea 
sto .... 

Floorwalkers, toremen, n.nd ove:ri88I'I 
P'loorwi!.lko;lra a.nd fQrmnen i.n a~ee Fomrum(----..... J ~ g&tJPI'8. and aampklnl 

luurance agonta and of6cials 
ID8urance aaenta 
Official~ of inaut"anc~ oomp•niM 

Laborers in coal and lumber ynrd1, warehouses, eto, 
Coal ya.rd.!l 
l!:ievators 

==rda t..abonlra, J)Ol'tere, and helpers in stoNtJ 
New.boya 
Prol!rietol'IJ, offioialsJ. and mo.n.agel'B {n. o. s,l) 

Employment omoo keepers 
Proprietors, eto,, elevators 
Proprit.~tora, eto., warehoulk!lf 
Other proprletors, o1Wlials. and ~na~~assm 

l:!u-J:T:Ot4 aDd oJJicialB 
Acrioultm.l-.... aod ...... 

1 Not oYlerwile specified. 
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LIST OF OCCUPATIONS AND OCCUPATION GROUPS W1T!! 

I!Yut· 
bol. 

738 
1. 9 
71 0 ,., 
742 
Ha 

"' 7H 
740 

'" 748 

"' 1 6 0 
1 6 I ... 
"' ... 
"' ,.. 
1" 7 6 8 , .. 
16 0 
16 I 
1 0 2 , .. 
7 • 4 , .. 
166 
7. 7 
7. 8 , .. 
770 

'" 772 
11. 

"' "' 77' 

"' 7" 7 8 0 
78! 
7 S2 
18 3 
784 
7 8 6 
786 

788 ". , .. ,., 

THEm SYMBOLS- Continued. 

Ocoupa.tion and Oooupation Group. 

TMDE- Contl.nucrd. 
Retail dealers- Continued. 

Art stores and artists' material~~ 
Aut<uoobUClS apd ~rios 

~-
Boot~;~ and shoes 
Butch~ and meat dealers 
Buyer11 und shipper~ of grtrin 
Bu}'et"B and ahiPPE~TS of live atook 
Buyers and shinperl.i of other fiuom produce 
Candy and eonlectionery 
QigarB ftlld tobacco 
Qi:r:petll nnd rugs 
Clothing and men's JUI'llUhitl&ll 
Coal ana wood 
Coftoo and too. 
Croakary, a:lassw!Lre, and queensware 
Curinll:, p.ntiqu!JS, and nowltiee 
])relicateasen storee 
~rt.lnent st.oros 
DrlWI and medicines, includipg ~and pbarrnacist8 
:Ory goods, fancy good11, ap.d J).o~oDB 
Fiw ll.l.':ld U;m cent and variety 8t.ol'e8 
Dlorists (deal\trs) 
P1our ud leed. 
>Tult 
Furniture ..., 
Galli tixtUI')$ and eleetricW auppliu 
General atorea 
Grooeriu 
Ha:rdware, etovee. and cutlery 
liarne811 and s~~oddlery 
Huek.st.ets and poddlm 
loo ,......,., 
1unk 
Leatbot and hidea 
Lumbar 
Milk 
Mwlc and musical inst.rumenta 
Newsdealers 
Oil, J)Aint, and wall paper 
0J)!Jcinns 
Prod~ tmd proviaiona 
n. .. 
Stationery 
Other ~pecified retail d6illem 
Not specHiod retail dea.lere 

SaiOI!!mon and sa.le.swom&n 
Au~ioneers 
Dwnon.stratots 
Sale' 114'(!lnt 
~and aa.k:ww0lll9D (stores) 
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,UST OF OCCUPATIONS AND OCCUPATION GROUPS WlTB 
THEIR SYMBOLS- Continued. 

$y0l· 
bol. 

••• ,7 9 G 

••• 
·~: ~ ••• 
800 
802 ... 
8U 

8 0 7 ••• 810 
812 

Sit 
815 

8 I 1 
318 
819 
820 
8 .. 

8H 
825 
826 

828 
820 
8 30 
83' 

8" 835 
887 
83U 
8 40 
842 

' 8 4 4 
8 46 
8<o 

Oecupation and Occupation Group. 

TRADE ~ Continued. 

u.de<taken 
Wholesale dea.lera, importera and export«~ 
Other purauit• (i!el'llilkilled) 

FrUit graders and poobr& 
Mea.t cutters 
Packers, wholE!fMII' and retail trade 
Othe1· CJOQ\Ipationll 

PUBLIC SERVICE (NOT ELS:E:WHERE CLASSIFIED). : 

Firemem (fin~ ~t) 
Guards, wat:<lbmen, and door~ 
Laborers (public service) 

Ga;rbage rn~n a.nd scavengers 
Other- .1!\bQre:rs 

MaNha.ls, sheriffs, deteeti"*', etc. 
Detootivee 
.MarahA!a s.nd CODat.abW. 
Probation and truant oflicera 
$Mri_ffl 

Offioiula and iUOlp<)Ctora (city ~~ond county) 
OflieiaJs . .oo inlpect.onl (city) 
Officials and inapect.ore (oounty) 

OfficiahJ and iMpeetors (state and "'Onited Statea) 
Officials and inspoetors (staoo) 
Poet.mMMrn 
Otbel: U nit.ed Statoo ofl.le1als 

Policemen 
Soldiers, eailorsr and marinea 
Othll!l', pursuits 

LiffHl'lvtrB 
Liahthouse keepe.t!l 
Otber oOOupa.tiOWI 

PIIOI'ESSIONAL SERVICE. 

Auton and shuw:tn.o. 

""""" Showmen 
Archit.oot& 
A:rtiMt8. ~:~eull'rlo:m, Md teachers of a:rt. 
Authore. odfton. aod reporters 

Authors 
Editors and ~ters 

ChembM, aauyers, and metaUlii'Jd,wtl 
Cleraymen 
Collqe pt~idents und profMIIOru 
DeoMots 
l>eRia~ draftsmen, IUld inventor& 

Du1gners 
D:rl).{tsmen 
Invent.ort 
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LIST OF OCCUPATIONS AND OCCUPATION GROUPS WITH 
THEIR. SYMBOLS - Continued. 

sao 
80 
81< 
866 
838 
86 0 
8 6 2 

86 4 
8$8 
868 
810 
8 72 
8 1 ~ 

876 
818 
880 

'" 8" 
884 
885 
8 s. 
8 8 1 
"s "9 
8 I 0 
811 

8 9 3 
89' 
8 I 6 
8 9 6 
8 11 
8 •• 

000 

902 
904 
• 0 6 
• 0 8 
9 I 0 
8 I 2 

"' 916 
9 18 
• 2 0 

Occupation and Occupation Group. 

PROFESSIONAL SERVICE-ConUDwod. 
Lawyer&, judges, and justices 
Muaiclans and teachers of mWiio 
O~Jteopatb, 
Pbo........., 
PbY>i ..... and ........ 1'-l' ... ben ~atbletillfl, da.nciq:, etc.} 

TIIU()hl)l'H school) 
Technical Or~$ noot'l 

Civileap~ and II'W'VO)'t:ll'll 
Electrical encineers 
Meclwrieal eiadoe&ral 
Mining EngintiiOll 

Trninad llllt'OOH 
Vet«inart 1:rurgeoD8 
Other pro(BI:!Bional pursuits 

A«ollauta 
Lil>HriDDs 
Other ot~Cupation~ 

SerniJ:lrofCISI!ional pursuit,.. 
Abstra.ctol'l!, notarioo, and justices of peace 
Fortuno tellel'fll, hyppotiets, spiritualists, etc. 
lleaJetw (~t oeteopQtba and phy8i.ci$cm and aurpou) 
lUiepers of ll'lbaritable and Plfnal biatitutiou 
~of nlooaurn :t"f!ffif'ttJ, I'Mflo tnwb, etc. 
O.ffi.Oiala of l?da,es, 80Cieties, etc. 
RaliaiolliJ, chanty, and welfare worken 
Theatri~l owruu:'l, manager,&, aod ofiiei¥t.ll 
Turfmen a.nd apor~ 
Otbe<ooo....UOD8 

Attead&Dta and helpers (profemrional service) 
Dentiflts' 8.88istantB and &p~ti~ 
Libra.:riaw' 11.11i.atants and attendants 
Pb)'lllcin.ns' !lnd aurgeotu~' attendAnta: 
~a=d olriiua helper• 

Other attiendao1a and hoJpera 

DOMESTIC AND PE:R.SONAI. SERVlCE. 

Barl::J• bairdrealera, and mallieurb!"" 
~w:d~~ ~·=·rink, eto., ~c.eepem 

Danere hall, st:lng rlnk, etc., keepers 
Boarding_ and lodgin& bouse keeper a 
Bootblackl:l 
Charwomen and oie.Mra 
ElevMor ~dora 
Hotel keepora and ma.llBgei'B 
l!ousekeei)ers and Rewards 
Jv.nitore and sextons 
La-boren~ (domefltlc and pro!e~~ei.onall!etVit)t) 

l IDCludQll, alao, all t.ecluW:al ~ DOt elsewhere classified. 
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JJST OF OCCUPATIONS AND OCCUPATION GROUPS. Wim 
THEm SYMBOLS- Continued. 

ou 
OH ... .,, 
080 
982 

93< 
080 

• 8 8 ... ... ... 
"8 ... ... 
962 
OH 
918 
9 .. 
eoo 
182 

98' 
9G 8 us 
070 
172 

'" 078 
t18 

••• 082 ou ... 
888 

99 0 
99. ••• 
008 
907 
99. 

Ocoupatioo and Occupation Group. 

DOMESTIC ANb PERSONAL SERVICE- Continued. 

lAunderers tUI.d bm.nc.l.re$aen (not in laundry) 
Laundry opet'lltivoo 

Foremen and over!IGel'a 
Laborera 
Other opfr&ti vas 

Laun~ O'Wllel"e, QffieiaJ~~;, and managem 
Mana!!.W$ and officlale 
Owner$ and propriet.on 

Midwi.\res and nurses (not trained) 
MidwiVE!IJI 
NUI"fl(fi (wt m.iood) 

Po_..(.....,in-..) 
Portt'lrs, aomestic and profeeaional service 
Potters, ateam raill'Oa.d 
Other IX)I'tet:8 (~ ln atoms) 
~t. o.U, tt.nd htneh room keeperrl 
Sonants 

Ball bo;91, oboro boy•, etc . 
Butlers 
Cham .......... 
Coaelun.n and footmen 
Coob 
l.adiee' maida, valeta, etc. 
Nurse maids 
Other 881'V&O.I:8 

Wsitora 
Other pumultt 

Baroondm 
Bathhouse keeper& and att6nd.atl.ts 
C.Uetory~ 
Cleanen and I"'DDVVltom {e1otbing, rete.) 
Hunterlf, trttPJ>(m!! and gmdee 
Saloon keepers 
Umbrsll& menders and ~cissora gdndera 
Othei'~Diil 

CLERICAL OCCUPATIONS. 

AienU!, ca.nlfauen~, and collootora .,.... .. 
8:rt~ 

Bookkeepers, cat~hiern, and acoountante 
Aeoount$D.t!J and auditora lloo-and-Olwb (~ clet'b in etoreft). 
Shippina: olerke 
W011!:her!1 
Otb~r olerkll 
~. bundle, and office 1)0}'!1 and girls I 

:Bundle u:.d taBh J>o]r8 and CU:b 
Mosse~er, orrand, and offioe boys and airle: 

~apbenl and typie:t• 
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INDUSTRY INDEX 

This iod1111trf indes.inoludoo most of the tnanulacturioc and a few otbet industrie& 
Each industryllprooeded bf it~ "laborer (n, o. 1!1.1)'' l!lymbol a.nd is followed by its "semiM 
lilkllled operative (n, o. e.1)' symbol. Thill index shOuld be referred to only when the 
~to be elaM:ified i8 plainly a "la.boqr" m a "semiBJcilktd" OCCu.ptttion and is 
not 1neluded in the al)1habetieal index, 

For the·purpo.ges of this claMification, those occupations are considered "semiskilled" 
for tho pQl'8Wltu;l8 of which only a. abort period or no period of pnilim.i~ trainiD& is 
~)' and which in their pursuance call for onl;y a moderate d~roo of JUdgment or 
of manual dexteritr. "Laborers" are coll!lide:ed to 11:\Clude th<Jl:le occupatiot:IA th'-' work
ere in which eqwre no 8DtciaJ traininc, judgment, or manual denerity. but Bupply 
mainly mUliCl.llar sWngth lor the performance of coarse, heavy work. 

Laborwl I stewjd I 

_'r_m __ bo_l_._l----------------------'"_"_'_''_'_"'-·-------------------1~ 
". 306 
266 
3 56 
266 
282 
2" ... 
206 
• 82 
• 0' 
266 ... 
86 6 • • • '" 8 66 
86. 
21' 
266 
256 
H6 ... 
256 ... 
' 0 ' 284 
826 
232 
200 
268 
2!. 
'92 ... 
3" "0 848 

"' '8 6 
206 
296 
258 ... 
206 

Abattoir ......••........ 
Acid •.....•......•........ 
Addi~ machines .... 
Ad-verttsinl!: novelties.,, .. , .. , .. 
Aempb.ne.IIIUld ptU't8 •••• ' • " •• ' • 
Agateware ..... ,,, .. ,.,, ..• , •. ,. 
Agticultural itnplements .... , ... 
AlCohol..,, ....... . 
Alum.:............ . ......... . 
Aluminum waro .. ,. . ........... . 
Alr:'m,\Ul.i:Jon .. :, .•.••. , ................................. . 
.ApiatUtt.s eupphes .. , .. , ..... , , . . . . . . , , ...... . 
Arc and ineandesoent lamp.s ...... . 
Artificial flowers,,................ . .... , ... , , , ...... , ... , 
Artificial limbs ..•..•• ,, ........................................ . 
Artificial stone .... 
Artists' materialll. . . . . . . . . . ..... 
Aabeetus p:roduete .••. " .• ' •••• '... . ...•• ·-· ......•.•..•..• 
Asphalt works ...... '", ........... ,,, ...... . 
Au,ger11 and bits.,, ... ,,, ................ ,,... , , ,, .... , , ,, .. 
Automobile bodifllb and Pf'!1;M,, ••••• , ••••• , • , • , • , • , .. , , • 
Automobile ~ir shop .... 
Automobile oorvice station . 
Automobiles ...... , 
Awe and hatchet-a .. 
Axle gre.Me., ..... ,. 
Babbitt meta\ .... . 
Bags, tw~ePt papel'' ••• 
Bakery .. , ..... . 
&k,pgwwd<lr ............ , n..

6
btla.tn.or bloom mill ... , , , ... , , , , •. , , , , .. , , • 

Bar edwire .............. . 
Baskets ... , ...........•. 
Batteries .. '.- ..• ' ...... '' . . . . ............ . 
Beadwork .. ,,,,.,,. . ........ . 
Bells., ... ,,, .......................................... " 

~~~~~-~~~-~?:::::::::::::::::::::::::::::::::: 
Billiard tables a.nd materials .... 
Blaekiug, .Wua, $Ud <ke.sin&~S. . . .............................. . 
Blank bookll: 
Blaat furlllS(l(l .... ,, 
g::,o~~,~-~)- --..... . . .. .. . .. . . .. . . .. . .. .. . .. ......... . 
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<8' ". o• 
498 
47 0 
560 ... 
498 
4 2 0 ••• 55 f .,. .,, 
'32 
574 

"' 43 2 
<8. 
47' '8' • 8 2 
472 
•u 
424 
• 0 0 
5" 
460 ... 
474 
4 • 2 
508 ... 
"4 '8. 56. 
'8' 5 0 2 ... 
512 
47. 
• 3 0 ... 
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3 30 
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"" 866 
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218 
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Bluing ............................. . 
Boiler shop .•.•.. , ......... · ..... ·., . 
Bolta. nut4, waahem,and riveta. .• 
Bone blaak .. ' •.. "" ...•.. '. 
Bookbindina: ...... " . ., .. . 
Boot and ~;~hoe cut stock.,. 
Boot and shoe findinjj;S.,, ...... . 
llootoaud oboeo (lootbe>")....... . .•..•.......•.. 
Boots and ,m...,. (rubber). •...... ,, .. , ..... ,,,.,,. 
Botti•-·•··············· ilottJing works {n. o. s.) ... 
BoxEll> (d.gar) ..•..•.•.• ,,., .. 
Boxes (paper/. .. . . . . ....... 
l!ol<oo(W<iod) ..•......•. 
Bl11118 faetory nr foundry , 
Brewery ............ . 
Brick factory or yard ....... . 
Bridge workil .. , ............ . 
Brit&.nnia l~M~tory ... , ...... . 
llroomoowll>l• ............. . 
:Sm~klea (iton) ........... .. 
Buildinp;·and hand trndea .. 
Butter, or butter reworking. 
Buttons .................... . 
Cam()f"l!.a and k.odaks .....•.....••• , .•. 
Can factory •• , ...................... .. 
C&ndleo. . ........... , ... --
Caudv ......................... . 
Cannflry (truite.nd vee:etable).. .. . . .. .. .. . . ......... . 
Car or railroad sbop::1. ,, •• , ...... , .. , , , , ... , , ••.. , .• 
Carbon blsck .................................................... . 

8:!r:.~::and· deiri~UiD&·::::::: :::::::::::::::::::::::::::::::: 
Cardboard ... ,, ................... , , •.............. ,, ..•.... 
Carpetmill..... ........... . ..................... . 
Cai'J):(lts, rag. . . . . . . . . . . . . . . . . . . ..... , .... . 
Carii.age ud wagon ma.tf;trials ............................ , , •.•.. : 

e-::i!7f~~"T'7::··:::::·:.::::::::::::::::::::::··· 
~;=~:_:::::::::::::::::::::::::::::::::::::::::::::::: 
Cement and gypsum, , . , , . . . . .. . . .... , , ~,,,. 
Cereal!> and Oreakfast foods ..... 
Chair r~~,cooey •............ " . 
Cbarooal and coke .......... . 
Ch~ ...................... . 
Chemi"""·················· 
Chewing gum •.. 
China decorating 
Chin»wa.r(l., ............... . 

8hl.S&ls a.nd pl&ne& ••••• , ..•. 
hooolate and oocoo ........ . 

Cider ....................... . 
Cigal'S and olgaratt(>-<t ..... , , .. 
0\eantling preparations ...... . 
Clock and watoh materialll .. . 
Clooks-and watt.h(U ......•....... ,, ......••.... , ,, ....... . 
Cloth spongiq and re6ni.8bing ................... , ....... . 
Clot;hi.rig (ccept Bllita, coate. cW...,ka and. overalls)... , .. , , , , , , .. , .. 

343 
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266 
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CAUSES OF DEATH 

Clothing (flllite, coats, cloa.ka, and overalls) ...........•...•.• , ..... 

&1':sr:l~ria..l~!:.~~- .... : ::::::::::::::::::::::::::::::::::: 
c.:.tJaru and cua'R ............................................. _ •••. &:_be and bairpiM (emopt metal and rubber) .............. , .... . 

eo:::l.":.l:J"!n.·rn.~::::: :::::::::::: ::::::::::::::::::::::::::::: 

~£f3±tL::::.:::;::::::::::::::.:::·:::::::·: 
Cotk o.utting, ..•.•.•.........•••.•....•........................ 
Oo:rsetfl.................... ··············· 
Cotoon ba;tti:r:~g. . . . . • . . . . •..•..•...•.•.• _, _, 
Cotton sin .. , ...•....•... 
Cotton. mill. ....... , ...... , 
Cot.~ oll and cake •. , ...... . 
dra.oker&, ••...•.••. •·•·····-····- •·••• ·· ·- ·- · · · • · •· · • · · 
Crates .. , ... , ... -· .... - ...... -......................... . 
Creamoftartar,,,,,.... . ................. , ..... . 
~ 11eparntors.,... . ... , ....................... . 

&:Jtt!r.·::::::: ::::::-' ...... ' .... ' ........ . 
Cutlery and edae tools ....................... . 

~~¥;;~n~):.::.:::· ... ·: .. :·~·::::::::::·:::::: ... 
~and~ trlmminp, braido, ete.. . ......... . 
Drual!'indin&....... .............. ... . . .......... .. 

B~~l:~~~::::::::::::::::: ........ ::::::::::::. 
DyeboUfle ...... ,,..... . ..•. , •••• , .............. , ..... , • , .... . 
pye.t~f!ln.nd extmota .......................................... . 

~:~~~;;.;~:_:::::::::::::::--·· __ ::::::::::::::: 
Electric heating~~~---........ . ........ , . 
E!ootriollght or power pla.nt ....... ,, ..... , .... , ..... , ........... . 
Eleetrie 1ightin11 tutu1'61il ........................................ . 
Eklotrlee.J maehtnery, app&rat'l.ll!, and lllUPPliOII .....•....•••••••..••. 
Eleut.roplating (n, Q, e.) ... , ... , . , .... , . ,_ .. _, ,, .... , .. _,, _,_ •.•. 
Eleva'*«• ~and freight) ........... , ........... , .... , .... . 
EmbroiderlGfl-•••. ' .• '-- .. '-.-' ..•. '-. ·-' •• -- .. '.' ''''.- •.. '- •.•. ' • 
Emery and other a.braaive w~ .. , .• , ..•. , • , ••..•.•• , • , • , . , . 
Eb8melin; CD. o. a.) .............................................. . 
Encinas, ateam, W.ll.ter, and gas .................. , ................ . 
Encravers' materials ..................... , .................... , ... 
EQ,fp'avill& and dleainldQC (n, (I, oe,, l . , ....... , . , , , .... , .. , , , , .... , 
Ena:r&vin&. ste&l and copper plate ..•••..••••••.•.••••••.••.•••.••.. 

~~:=~~~~::::::::::::::::::::::::::::::::::::::::::::::::· 
~iormiU ................................................... . 
~losivere .. ,, ... , .. ,.,.. . , , , , , , ........ , ....... , ..... . 

~=.::1:~.~~::·:::::::::::: ::·.:::::::: ············ 
Fea-ther pillow.u.nd bede . .. . .. . .. .. 

~:a~r~~~~-~~~:::::::::::~:::::: :::::::::::::: -·.,., ...... , 
Felt, cr tett mill., .. ,,......... . ..............•........•.. 

... ... 
602 ... 
67. 
6 7. 
462 
HI 
608 ... ... 
"' ... 
s. 8 ... 
67< 
6H 
6 2. 
674 ... 
50 6 • •• ... 
U2 
• 3. 
•sa 
• 82 
5 74 
au 
<82 
506 
06 

"' . .. 
418 .. . ... 
00 au ... . .. 
8U 

'" 5H ... ... .,. .,. ... ... . ,. 
8H 
• 14 ... 
6 l • 
608 ... 
8" 
• 74 
• 74 
611 
<58 
632 
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.. 6 
200 ,.. 
266 
080 ... 
20# 
238 
326 
2<8 
820 
HO 
810 ••• 268 
8' 6 
U2 
242 ••• 366 ... 
186 
35 6 ••• 366 ... 
266 
• 6 6 
838 
• 0 6 
S1. "2 22 2 ... 
2' 0 6 
206 
'76 
170 
72 1 . " ••• 356 
uo 
IUS 
286 ••• ., . 
322 
3< 8 
oao ". 860 ... ••• 280 
36 0 ... 
a 1 s ::: 
HS 
108 
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:~~.~~:::~::::::~::::::::~:::::::::::::::::::::::::::::: 
Fillere (U$0d in pldatiJ:l&),, .. , .. ,,, ... ,,, .. , ..•.. ,,,, •. ,,,, ,, ..• ,,, 

~==~ui~heh;::::::::::::::::::::::::::::::::::::::::::::::::: 
fueanruo ......................................................... . 
FirelOIB OOQkers .••• , •••• , ••••••• , -•••. , •.•••. , •. , , .,, ••• , ..... , ••. 

~~!0:wt::!:~.i~::::::::::::::::::::::::::::::::::::::::::: 
~f:x~~::::::::::::::::::::::::::::::::::::::::::::::::: 
Flourorlfl'iotnill •. ,, ........... ,,. . ................... . 
Foundry (brau) ............................................... .. 
Foundry (iron) ...................... , . . , .. , , ..... , , .. , . 
Fol,lllChy (n. o. a.) ••••• ,......... .. . . • . . • . . ...................... . 
Foundry 11-UJ)pliea.,, ......• , .•...• ,... . ••.. , , . , •. 
Fruit a:rid ~le canning ...•... , , 

~~'!\~ ~Tn~ured::::::: ::::::::::::::: :::::::::::::::::::::::· 
Fur~ .........•..•...... ,, ..•......•......................... 
Furru•hillft g:ooda (men's) .......•..•. , . . . . , •.. , •. , .. 
Furnit'Ure .••.•••••••••• ·• •• •• · ·• • •· • •. · •• · • · · • • •· • · · · · · · · · · · · · · · · · 
Furs, droeeed ............. · · · · • ·. • · · · · • · .. · · · · .. · · · ·" .. · · •• ... • ·• Fuee ..........••............•.........•....................•..•.. 

g~v==::::::::::::::::::::::::;;: ;::;;:::::;;::;::;;::;::::· 
Gaa JlltMiliinea ................................................... . 
Gaa meters and water meters .......... ,, ... ,.,, .. ,, ..... , •..... , .• 
Gall works .•..••....••.•..•.••..•......••.••.....••.••••....•...•• 
Gases (except illumiooting p.nd he$,ting) ......................... . 
Glaaa, ............................. , .................... , ...... .. 
Gl$$:1 cut~. sta.inia:lg, and orl)4.t.Q.I)IDt.ing, •••.••.•••••••.••••••.• ,. 
01~ Oeatli.e.r)., .•............................................... 
GlUCQIIII, •••••••• , •• , •••••• , ••••••••• , •.••..••••.•••••••••••••..••• 
Glue ....•..••..• , .• , .. , .. ,, .......................•.....•....••••• 

~,-rnn~{~'(:i~.ii~ifi:::: ::::::::::::::::::::::::::::::::::::: 
Grain eleVa.tor .................................................. .. 
Graphite, 11'0\lncl and refined ........... , , .. , , , , , . . . , , . , , , .. , . , , .. 
"-········"""'"'"''"'····· .. ·· ........................ . 
Grindatone~~., ... , ...............••..•..•.........•• •· • · · • · · • · ·• • · 
Grlstmill. ...•.•••.•....•..................... , , ,. , ..• ,,., •..•... , . 
Guano works ........................... , ........................ .. 

~.:!1:~~:::::::::::::::::::::::::::::::::::::::::::::::::: 
Haircloth, .. ,,, •......•.. , ... , ... , ............•..•.•. , .. 
&mmoob ..................................................... . 

tnJ::e~f!rii.·::::::::::::::::::::: :::::::::::::::.:::::::::::::: 
llardwe.rf ...•..• ' .•.....•••..•..••..•..•. ' ..••..•.•••••.•...••.••. 
HIU'l\ell ud t~tddloo ... ,, ..•............•...•..•...•...........•.. 

tr:~u:pu:::.-.·.·.::::::::::::::::::::::::::::::::::::::::: 
Data And (l8pfl (MCePt felt, atralV, and wool), .. , , ................ . 

~~;,;,.:.:::::::·:·:.::·:::::::::.::::::::::·::: 
B010, rubber or woven,.,....... , , . '" ..... , .• · .. -mill.................... .. .......................... . 

345 

41 6 ••• 418 •u ... '8. ... 
<20 
46& 
60 
• 60 
• 3 6 
"8 .. 6 
482 . "' 57< 
'. 0 ... 
• 74 .,. 
448 
6 02 
674 
420 ... 
• 0 0 .. , ... 
• 5G ... ... ... 
<40 • •• • 24 
• 24 ••• 
"' 709 
• !< . .. .,, ... 
416 
<8 • .,. . .. 
&38 .. , 
H8 
480 ... 
470 5,. 
us 
668 ... ... 
008 
614 
5H 
62$ 



346 CAUSES OF DEATH 

LabQrer Scmi-
Q"mbol. INtHJS1':BT, skilled 

~--~~--------------------------------- ~mbru. 266 HotairiuriliHJes .............. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ...... 482 
8 2 6 Horse blankets, carriage robes, eto ......... , .... , ......... ,,,,.... 5 4 2 
8 IS 6 HoW:ls fu.rPi!!hing goods (n. o. a.).,,,,, ...... ,,,,,,,,,,,,,.,,,,.. (;i 7 4 
2 4 8 lcee~rn............ ..,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 4 6 6 

! & 11 Ioe, manufactured .. ,. . .... , .... , .• , .............. , . .. •. . .5 7 4 
54 Implementfactory ............... ,,,,,,,,,,,,,,,, ..... 470 

2 6 6 Incubators and brooders ...... , .... , ............. , ... , .. ,,,,,. 4 8 2 
2 0 6 Ink ............................ ,,.,,.,,..,........ 4 2 4 
8&6 ln~~trumentoo.s(l.!! .......................... ,,,, .. ,,,, 574 
8 5 6 Inetrwnents, profe~siona.land sci•ntilio.,,,.,, ... ,,,,,,.,,...... 5 't 4 
2 6 8 Ironfurill!.M ....................... ,,,,,,, ............. ,,.,,,, 4 7 4 
3 56 lvory,she\1, or bone work. . .......................... ::." 57 4; 
2 6 6 Japanning (n.o.s.).. . .. ,.,,,,,,,,,,,,,,,,,,,,,,,, 4 8 2: 
2 00 Ju.pall8. ............ • ................ ,.................. 4 I 8 
218 Jewelry................... .............................. 494 :X: ~!ir~~ii_··:::::::::::::::::::::::::::::::::::::::::::· : ~! 
i J g f::1::t:!~:fderi ;;JIC::::::: :::::::::::::::::::::: g ~ ~ 
2()0 .Lacquers .......................................................... 418 

i'! i:E::t~i~:::::::::::::::::::::::::::::::::::::::::::: ... i g ~ 
2 4 4 Lard .................................... """'"'"'""'"'"' 4 6 2 
292 Last.a .............................................................. 508 
i90 IM.thmill ......................................................... 506 

::g e~~~:~~~:::::~::::::::::::::::::::::::::::::::· :; : 
2 8 0 Leadmnelttngandref!ning,,,,,,, .... ,,,,.,,,,,,,,,,,,,,,....... 4 9 6 
3 4 0 Leatherbelts................................................. 55 8 
3 4 0 Leather mtse.~ and pocket boob ............ , .. . .. . . . . . . .. . . . . 5 5 B 
840 Lootbargoods~n.o.e.) ........ , ..... ,,,,,, .... ,,,,,,,,,, 558 
215 6 Lightning rods.. ......................................... 4 8 2 
2 t• Lime........... ....................................... 4 3 2 
3 2 0 Linen mill ................................. 6 3 6 
Sli 6 Linsoodoil ...........•............................. 57 4 
2 9 8 Lithographing~ .................... , .. , ...... , .... , ...... ,,,.... 5 1 4 
266 Looke,htnges,etc ........... ,,,,,,,,,,,,,,,, .. ,, .. ,,,,,,,,, 482 
256 Locomotiv$1;1.................................................. 482 
2 g 2 Looking-glass and picture fra.mea, , , , , , , , , , , , , . , , , , , , , , , , . , , .. , . 5 0 B 

J ~ ~ ~~Qt-Oii. :::::::::::::::::::::::::::::::::::::::::::::::::::::: : ~ ~ 
2 6 6 Mu.chineshop .................. ,,.,,,,,,,,, 4 8 2 
2 6 6 Ma.chi.nery- (all used in rnanuftt.Cturing),.,,,,,,,.,., 4 8 2 
342 Malt..................... ........................... 560 
216 MarbleorBtoneya.rd ........ ,, •. ,,,,,,,,,,,,,,,,,,,,,,, 4 3 4 
2 6 2 MMW,a(ltt.l'&,oatlll,.u.ndcigglng,,, •.••.••....••.•..•..•.....•.... 4 'f 8 
2 9 2 Ma.tchoB......................................................... 5 08 
8 2 6 Ha.ta a.nd IIUI.tting (from oot'lOtt. 6.ber or Jrut) ................. , 5 4 2 
85 6 Mattreo&ls ........................................................ 57 t 
ll4 4: Mea.tcanning...................................................... 4 6 2 
8 5 6 Meta.l novelties.. . . ... • .. .. ... . .... .. .. . .. .. .. •• .... . .. 5 7 4 
3'56 Miealactory ..................................................... 574 

I g: :~~~-~~-~·-·.::::::::::::::::::::::::::::::::::: ~I: a • 2 Minl'lmla.ndoodawa.ter............................ ........... 56 o 
8 5 6 Minenda and ee.rths, ground. . . . , , ......... , .. • .. .. .. . .. 5 7 t 
3 5 IS Mirrors and loolring-glassea....... .. .. .. .. .. . .. . .. .. • .. .. .. .. • .. . 5 7 4 a & 6 Models and po.tterns (cmept pape:r pattern~:~).. .. .. • .. .. .. .. .. .. . . 5 7 4 
2 4 8 Molasses ..••..........•...................•....•.•.....••...•..•.. 4 6 6 
2 1 6 MonumenUI and tombstonoo. . . . .. .. . .. . .. . .. .. . .. . .. . .. . 3 4 4 
356 Mop~:~anddustem. .............................. 57( 
3 0 2 Moroooo factory.. . . .. • .. . .. .. .. 5 1 8 

•~3.,;,0~6,;~M;;,;o•~q~u=it=o~n:'='=''=""::.::· ~;..:.:;..:.:;..:.:;..:.:~·~·~··~·~·~··~·~··=·~· ·=·~··~·~·~··=·~··=·=··=·=·= 62 2 .--
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-qmbol. 

---~~~~~----------------8 56 Motion pictUre films, .. ,, .. 
8 Ji 6 Mot.ion picture maohines ... ::: ~~~~:.:::: :::::::::'. "". "" "" ".". ::::::::::::::::::: 
ll 0 6 M\lcl!Atteandpa.ste. .•.......•..•....•.....•.....••.•••••.. , ••..•... 

. 3 5 6 M:WliMTinstruments and Ma.teriaht (n, o. s.) ......... , ......... , .. . 
363 Nails ............................. . 
2 3 0 Nootieaoftle(lkwMJ' ......... , .•.....•.••....••...••..........•.. 
a 6 6 Needloo, !lin~. books and eye11, 
3 2 2 Notsorll4!oin.oo................ .•....•....•.... . ...........••. 
202 Nitroalyeetin ...............•..................................... 

1 ~ i ~r=~~~~~~~:~~l·i~~·:::::::::::::::::::::::::::::::::::::::::· 
2 0 6 Oil (n. o. a.) ...••..•••..•••••••••..•..••••••••. 
a 4. 6 Oil workij {n. o. s.) ..... " ...... . 
3 2 6 Oilcloth and linoleum ......... . 
2 4 8 Oleornp.rgarin9, 
3 b 6 Optical goods ............... .. 
288 Ofgallf:l ...•....•.•.••.••••••••• 
2 2 8 Overall factory ............... . 
2 a 8 Oyster canni.ne,: ............. .. 
2 4 4 PMklng bouse .... , .... " .. , .. 
2 0 0 Paint und varnish.,., 
2 9 '4 Paper and pulp ..................... . 

~:: =~-(0.'~:~~)::::::::::::::::: 
3 5 It Pa~ oovelti-eff.. . ............... . 

i ~: ~=~=~:!i'nfi&nd~m·.;o~d&::.: :::::::::::::::::.::::::::: 
2 1 4 :Pa.vicg materia s (cement, stone, ete.) ..... ,, ....... ,,, ... , ..... . 
2 9 2 Paving materials (wood), ............ , ................. " ...... . 
% 4 8 Peanute\arnding, l"'alJting, clean .. inc. ete .. . 
a 56 Pencita, ead ................ . 
8 5 • :Pett6, fottntain and atylogtaphl.e. 

~:: ~:~::~::c.·:::::::::::::: .... . 
2 I) 6 Perfutnery ttnd t;'II)Qm~i.O& .. . 
3 4 6 Pet.roleum refining, •.. ,, ... ,,, .. .. 
:a 6 6 Pboll(lgl'al)lm and !Jl'&Pbophones .. . 
1 9 8 Phosphate (fertilizer) works .... . 
2 9 8 Pb:oto-en&raving ............... . 
8 S 6 Pho~phic appant.tu!l., .... , ... . 
3 5 6 Photogra..phic maW~rittllf, .... , ... , 
2: 8 8 Piano and organ materiabl .•...... 
2 8 8 Pianos .. ,, . .. . , 
2 i ~ Piekli.ng and Pt'eBei'Vipg fruita s.nd vegetables .... 
2 a ' Pie, P.Mtry, eto. 
2 6 6 Pipe foundry .. . 
21S8 fiPE,miJL ........ .. 
3 S 6 Pipee, tobacco. . . 
2 9 o Pbaning mill .. . . 
2 l 4 Plaster mill .. , 
268 Platemi!L ............................ . 
2 T 6 Plat.ed warn - knivtra, lorka, 11p00ns, crt-c •. 
2 9 6 Playing eards ........... - .............. .. 
2 6 4 Plows and mdtivu.t.(»'s ..... -. 
2 6 6 :Plumbers' roppliel!l (t:t, o. s.). , 
312 Phah ............•....•...... 
2 6 6 P6e.ket knives ............ , 
2 0 6 Polishing Jlrepa.tatl.ons .. ,. 
2 1 8 Poroelain Wl:l.n!J .............. .. 
2 0 e Pota.!lh and potlll!llium salts.,, .. 
218 Pottery ..................... . 
2 ( 4: Poultry ki11iua;and dn!eeing .. 
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866 
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Labom Semi· 
symbol. tN»VeTaY. akUied. 

~~~~--~~----------------------------- ~yruMl. --;-tO Tile or terrn-cot.ta ... , •. , .. , . , . , . 4 2 8 
2 8 2 Tin, 9.nd sheet. iron work. . . . . . 4 g 8 
2:84 Tinfoil....................... . ...... ,.,., 600 
2 5 8 Tin pla.te a.nd terooplaWL, .• ,, 4 1 4 
2 S 2 Tinware. ~~>nd ebamtd ware ... ,.,.. 4. 9 8 
2 o s Tobaeoo metorr... ' 2 6 
2 0 6 Thi~p~tlOM ···•·•-········ 4 2 4: 
2 61} Toolaandeutleey,.,.. .....•....•.••.••.• 4 8 2 
2 0 2 To~-·-·········· ...•..............•..... 4 2 0 
3 6 6 TO)'S!L11dl!lMf!!'l .... ,., ............................... , 6 7 4 
3 3 6 'l'mnsfortnett:l (elt<Jtric) .... , . , . , ............ , . 6 5 4 
3 6 2 Tt1tnka .. ,............ . .......................... ,. It '1 0 
3 6 4 'l'u:rpentine diatillery. , .................... , • . 6 1 2 
a 2 2 Twine..................................... 53 8 

~ ~ ~ ~~=~zr~~~~fbdtul.·.::::::::::::::::::::::::: ~' ~ 
2 6 6 ;?,:P:_f;'lwriters ....................... , . .. .. 4 8 2 
3 5 6 r r.nbl.'ellM and CAOO!I ........... ,........ 15 7 t 
2 3 () UndDl'wear (~t knitted) . 4 4 S 
a 2 6 u pholl>teting mat.eriah!.. . . . . . .. .. . .. • a 4 2 
2 II 6 VaeU\lll\ elettNml, .. ,......... 4 8 2 

i~t ~:.~!tli~:!~~~-~~t-i~~~~---- ........... .. .............. ~~i 
~ 9 2 Ven41Ct"worklll .... ,........... .. .......................... 6 0 8 

~:: ~:~~~~-~~~~: '"'"" ...... ::::::::::::::::::::::::: ! t: 
296 Wallpaper ................ , ....•..... , ... , ..................... 612 
27 ~: Wa1lpla6ter ........................••..•..... , "',!! 

WareholX!le.'! and oold lltru'fi¥.0 pkmta ....•.•. , • , . . ~ ~ 
2' 6 6 W~bing maohlnas. and cloth~ wringfll's .. ,.,... 4 8 2 
82& W!U!te.................... 542 
2 1 f Wo.tchca.!!0$... . .... 4 8 8 
fl: 1:1 0 Wea.ther strl.p~~ (wuod). ..•. S 0 6 
2 tl 6 Wheelbarrow"............ . 4 8 2 

~ ~! ~kY~·r~·,:::::::::::::::· ~It 
200 Whi.tA!;ll$d................... 418 
.284 Whiter.nett.L .•. ,. .. .................. iiOO 
.2 & a Win.dm.ilb................ • s a 
2 9 I) Window and door sCN~ens.... . , . , . .. . .. . .. .. 5 0 6 
3 5 6 Windo-w shades and fixturea. .. .. .. . .. . .. . . . .. .. 5 7 4 
342 Winet"Y................ . ................... ,.,....... 560 
27 0 Wi.t-e(bt"Qfll)...................................... 4 8 6 
363 Wiremilt .....•.•. ,............. •.•..••....••. 474 
2 58 Wire(n,O.I.).................... 4 74 
2 6 6 Wireropeandcable............ ............. 4 8 2 
2 6 6 Wirework ....................... , f 8 2 
20 6 Wood alcohol..................... 4 2 f 
2 9 2 Woodcaxpet... ................ 6 0 8 
2 0 6 Wood distillatio-IL ... '.'. .. 2 4. 
3 5 6 Wood novelties.... .. . . .. . ~ 7 4 
292 Woodp~v\],.......... $08 
.2 9 2 Woodenl(()(')da n,o. ¥!!.),,. .S 0 8 
2 9 2 Wood.--tumiU& op........ , .. . .. .... . .. 5 0 8 
316 Wooltmlling .... ,......... ................. 532 
816 Woolsoou:rittt............. 532 
316 WooJeporwonrtedmill. ................... 5 S 2 
266 Wownwirofeneiflg... 482 
.9 3 0 Wf'll.J1l'.ltl!'$ and drermee. 4 4: 8 
3 0 6 Y4rn (cottonl... ...... ...... ... ... 52! 
326 Yarn(n,·a.s. ......... 542 
8 1 6 YQrn {woolen)......... 53 2 
2' 1J 6 Yoo.at ............... ,.. 4 2 4 
2 8 0 Zinc fn.ntory....... ...... 4 !.1 6 
2 8 0 Zinc smelter ot refinery, 4 9 6 
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Nosology not an exact science. -The following reported 
causes of d~.ath will enable the student to decide whether 
or not nosology is an exact science: 

"Went to bed feeling well, but woke up dead.'' 
"Died suddenly at the age of 103. To this time he bid fo.ix to reaeh 

a ripe old age." 
't Deceased had neyer been fatally sick. n 
1' Last illneas caused by chronic rheumatism, but was cured before 

dea.th.' 1 

"Died suddenly, nothing serious." 
" While cranking his automobile sustained what is techoically koown 

as a oolles fracture of the right rib." 
11 Kick by horse showed on left kidney." 
"' Chrooie di~a.se." 
" Deee&eed died lrom blood poison oousod by o. brokon Mkle, which 

is remarkable, as the automobile struck him between the lamp and the 
radiator." 

" Deat.h caused by five dootom." 
fl Delicate from birth/' 
u Artery lung busted." 
H Collocinphantum." 
" Typhoid fever, bronchitis, pneumonia and a miscarriage.'' 

- u Vital Statistics." 



CAUSES OF DEATH 

EXERCISES AND Q'OESTIONS 

1. What does Van Buren mean by the "Will-o' .. the--wisp, of the 
statiatiM of cau""' of death?· [See Atn. J. P. H., Dec. 1917, p. 1016.] 

2. What changes have taken place in the nomenclature of "Tuber
culosis," during thelaet century? 

8. Give ten examplee of joint eauacs of death, indicating in eaoh 
""""which is primary and which seoondary. 

'· What preparations a.re being m!l.de to reviee the prosect Inter
national List of Causes of Death? 

6. Select the •ppropciate cause of death for statisti<lRl report from 
the: following joint eauses of death~ and give reason for your selection. 

a. Broncho-pneumonis and measlee. 
b. Infantile diarrhwa and convulsions. 
c. Scarlet fever arld diphtheria. 
d. Nephritis and scarlet fever. 
•· Pulmonary tuberculosis and puerperal septicemia. 
f. Typhoid fever and pneumonia. 
g. Pericarditis and appendicitis. 
h. Cirrhosis and angina peotoris. 
i. Saturnism and peritonitiB. 
j. Old age a!l.d bronchitis. 



CHAPTER X 

ANALYSIS OF DEATH-RATES 

Reasons for Analyzing a Death-rate.- We have now 
· covered the principal methods used in the simpler forms of 
statistical study. We have seen the futility of using general 

·death-rates for comparing the mortality of different places. 
We have learned how to compute specific rates for groups 
and classes, particular rates for different diseases and special 
raf<l!l of various kinds. Let us now put these ideas together 
and say that tJw way to use a general death-rate i8 to analyze 
il. Taken by itself it means very little, but if properly 
·analyzed it will yield us useful information. 

Two Methods of Analysis. - There are two methods of 
analyzing a general death-rate. 

One is to sub-divide the numerator of the fraction into 
~ and groups, leaving the denominator of the fraction 
unchanged. The total population at mid-year is taken as 
the denominator of the fraction. This is sometimes done in 
separating all of the deaths in a y.--ar aeeording to months 
and dividing each by the total population. It has the ad
vantage that the sum of all the parts is equal to the whole. 
In the case mentioned the sum of all the monthly rates gives 
the yearly rate. It has the disadvantage that the figuros 
cannot be compared or any standard easily carried in the 
mind. 

Another and better method is to sub-divide both the 
nwnerator and denominator into classes a.nd groups, that is, 
to find their specific rates. Here the sum of the rates 

861 



352 ANALYSIS OF DEATH-RATES 

resulting from t,he separation does not equal the whole. The 
weighted average of the constituent rates will, however, 
equal the whole. 

Let u~ take a simple example: 
In 1910 in Massachusetts there were the following popu

lations and deaths cialdsified by sex. 

TABLE 81 

POPULATION AND DEATHS: MASSACHUSETTS 

Population. Deathll. 

(I) (2) (3) 

Males ......................... , 1,655,248 · 28,259 
Females ........................ 1 _...;1,_;,7;.11~,1;;68~-l---;26o;z,."l48~-Total..... . . .. .. . .. .. . . . .. .. . . . . 3,366,416 54,407 

According to the first method of analysis the partial rates 
would be 28,259 + 3366 = 8.4 for males, and 26,148 + 
3366 ~ 7.7 for females, the sum being 16.1, which is the 
same as dividing 54,407 by 3366, i.e., 16.1 per 1000. 

According to the second method the speeific rate for males 
is 28,259 + 1655 = 17.1, and for females, 26,148 + 1711 = 
15.3. In this case the weighted average would be (17.1 X 
1655 + 15.3 X 1711) + 3366 = 16.1 per 1000. The ad
vantage of this second method is obvious, as one may readily 
compare the rate of 17.1 for males, and that of 15.3 for 
females, with 16.1, the death-rate for the entire popula
tion. In other words, this method of analysis gives us a 
chance to compare, and that is a prime object of st~ttistical 
study. 

Useful subdivisions.- For the purpose of analyzing a 
general death-rate we may subdivide the area geographically, 
finding the specific death-rate for each part. A state may· 
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·be subdivided into counties, boroughs, cities and towns; or 
into urban and rural districts. A large city may be divided 
into wards, precincts or blocks. The subdivisions must be 
so chosen that both the population and the deaths may be 
obtained for each one. This often limits the comparison to 
politiqaisubdivisions. Those who take the census and those 
who l<j!ep the death records should get together and see that 
the 'eographical subdivisions correspond. Having made 

subdivisions and obtained the rates for each, the results 
'sho d be arrayed and studied by the statistical method 
desc ibed in a later chapter. 

We may subdivide the year into seasons, months, weeks, or 
'ev days and ascertain the specific death-rate for each sub
div sion. These results should be arranged for chronological 
st dy, and for comparing the results for similar seasons or 

onths for different years. 
We may subdivide the population by sex, by nationality, 

by occupation, and in all sorts of ways. 
We may subdivide the deaths according to cause,~ using 

either individual causes or classes of causes. 
And finally we may use these various separations in com

bination with each other. 
Example of the analysis of 11. general death-rate for a 

state. - To give a complete example of an analysis of the 
general death-rate of a state would require a small volume. 
A few hints may be given by asking a number of questions 
in regard to Massachusetts for the year 1910. 

According to the 73d Registration Report the general 
death-rate for the state was 16.1. 

Q. Was the death-rate uniform throughout the state? 
The answer is obtained by finding the rate for each county 

and placing them in array, that is, in order of magnitude. 
The result is as follows: 
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TABLE 82 

DEATH-RATES BY COUNTIES: MASSACHUSETTS, I!)Io 

··-··-·--·-·-·-·-···· 
County, General death- County. General death.. 

rate. .. ... 
(!) (2) (1) (2) 

Norlolk ............. 13.3 Essex ............. 15.9 
Plmouth .......... 14.2 Bristol. ... , .... , .. 16.3 
M1ddlesex .......... 15.4 Ham~den .......... 16.8 
Franklin ........... 15.5 Suffo k ............ 17.0 
Worcester . ......... 15.6 Barnstable ........ 18.1 
Berkshire .......... 15.(! Dukes ............. 19.1 
Hampshire . ........ 15.7 Nantucket., ...... 20.2 

Q. What was the median death-rate for the different 
counties, that is, the rate for the county in the middle of the 
list? 

It was 15.8, i.e., between 15.7 and 15.9. 
Q. Why is this median rate lower than 16.1, the rate for 

the entire state? 
The more populous counties have death-rates relatively 

high and this brings up the average. An average of these 
eounty rates weighted according to their population would 
give 16.1. 

Q. Why was the rate for Nantucket county so much 
higher than that for Norfolk? , 

In order to answer this question intelligently we need to 
.find out when the deaths occurred (seasonal distribution), 
where the deaths occurred (geographical distribution), who 
died (distribution by sex, age, nationality), what was the 
cause of death. Knowing these facts we should then seek 
to correlate them with eontrol.la.ble conditions. 

As a rule a county is not a good geographical unit for 
wch a etudy a.s it is difficult to get the facts. A city is 
better. 
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Comparison of the death-rates of two cities. -In 1910 
the general death-rates of the cities of Massachusetts which 
bad populations exceeding 50,000 were as follows: 

TABLE 88 

DEATH-RATES OF CERTAIN CITIES 11'1 MASSACHUSETTS 
1910 

City. Oeneml death- City, General death-
rate. rate. 

(1) (2) (1) (2) 

Brookton ...•....... 12.3 Boston .......•.... 17.2 
Lynn ............... 13.1 Holyoke ........... 17.7 
Somerville .......... 13.4 Lawrence .......... 17.7 
Cambridge .... , . , , . 15.0 Fall River ......... 18.4 
~ringfield .... ,,,,, 16.6 New Bedford ... ,., 18.6 

orcester ..... , . , .. 16.9 Lowell ............ 19.7 
... ---· 

Q. Why was the death-rate so much higher in Lowell than 
in Brockton? 

We naturally look first to differences in age and sex dis
tribution. The U. S. Census gives us the following infor
mation: 

TABLE 8& 

AGE AND SEX DISTRIBUTION OF POPULATION 11'1 
BROCKTON AND LOWELL, MASS. 

Brockton. Lowell. 

(I) (2) (3) 

Per eent of population under 10 years 

~':!.':.:t~:::::::::: : : : :: :::: : : : : : ::::: ::: 8.8 9.3 
8.6 9.3 

Per cent of population over 45 years 

~.~"ai~::::::: ::::::::::::::::::::::::: 10.1 9.2 
10.6 10.8 
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These differences are not striking, except that Lowell ha 
· a somewhat Ja~ger percentage of children under ten years ol 

age. How about infants? There is not much differenee. 
In Brockton the infant population was 2.15 per cent of the 
total, in Lowell, 2.19 per cent. The sex differences are not 
great except that in Lowell' in the age-group 15-44 years 
theJ;e are more females than males, while in Brockton the 
numbers are about alike. 

Let us next turn te nationality. Here we find a great 
difference. In Brockton, 72 per cent of the population were 
native white and 27 per cent foreign-born white, but in 
Lowell only 59 per cent were native white while 40 per cent 
were foreign-born white. Pursuing this further we find that 
in Lowell the foreign-born whites were made up of French 
Canadians, 28.3 per cent; Irish, 23.0 per cent; English, 10.5 
per cent; Canadians other thnn French, 9.3 per cent; Greeks, 
8.7 per cent. The corresponding figures for Brockton are 
not given in the census report. 

With these fundamental differences in mind we must next 
turn to industrial conditions, living conditions, etc. Brock
ten is a shoe city, Lowell a textile city. The housing eondi· 
tions of the working classes in Brockton are better than in 
Lowell. These matters should be studied in detail. 

But whnt of the causes of death? The annual report of 
the State Board of Health shows that the det>th-rate for pneu· 
monia was 118 per 100,000 in Brockton, but 210 in Lowell; 
tuberculosis 88 and 137 respectively, diarrhea and cholera 
morbus 23 and 184. This last is a very important difference. 

Turning to the age distribution of deaths we find that in 
Broekten 18.5 per cent of the deaths were infants, in I.:iwell 
25.2 per cent. Evidently the large number of infant deaths, 
the large numbers of deaths from dysentery and the large 
foreign population in Lowell point to certain environmental 
conditions which influence mortality. 
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In order to get these facts it was necessary to consult the 
~St11te Registration Report, the Annual Report of the State 
. Board of Health and the Census Report. The annual 
. reports of the local hoards of health should have contained 
!these essential data; in fact they should have contained the 
following specific death-rates for 1910: 

TABLE 8IJ 

SPECIFIC DEATH-RATES BY AGE-GROUPS FOR BROCKTON 
' AND LOWELL: tpto 

Spooil1e death·tatetl ~l' 1000, 

Aae-group. Brookton. Lowell. 

MWo. Female. Male. :Female. 

[I) (:ll (3) (4) (5) 

CH 123.0 IOLO 286.0 237.0 
H 8.0 13.0 31.0 35.0 
lHl 3.5 6.5 5.2 4.6 

IQ--14 2.1 3.0 1.6 2.7 
11H9 4.0 3.2 4.7 3.1 
2o-24 3.1 2.6 5.2 5.0 
25-34 3 9 6.0 7.5 6.8 
3&-44 4.7 4.3 9.8 10.7 ' 
4IH!4 18.4 11.8 24.0 23.0 
65- 106.0 90.0 99.0 95.0 

These figures show directly that the infant death-rate was 
inuch higher in Lowell than in Brockton, that the death·I'ate 
for young children was also higher. This would point at 
once to home environment. But the rates were also higher 
in Lowell for the middle-age groups, which would point to 
greater industrial hazards there. 

" Rates " not the only method of comparison, - So 
much has been said about rates and specific rates that there 
is danger that the student may come to think of them as 
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the only method of statistical comparison. That is far from 
being the case. 

The seasonal changes in mortality may be shown in three 
ways, each of which has its use. In Massachusetts the 
general death-rate for 1910 was 16.1 per 1000. It va.ried 
lllliiSODally as follows: 

TABLE 811 
SEASONAL DISTRIBUTION Oil MORTALITY 

Maeaacbuoetts, 1910 

){oqth. Des.;.h~,..u.. 
P&l'(!eJ),tagoo/ 
total deat.lw. 

:Ratio of hlolrtbl:t 
deathiWav::c' 
number lor eae 

m.onth. 

(I) (!!) (8) (4) 

January .. , ............ ,. 17.1 8.9 106 
February ................ 17.1 8.1 106 
March .... , .... ,, ........ 17.8 9.5 110 
tf.ril. ................... 17.2 8.8 107 

a.y ...••.•..•....•••.... Ui.2 8.0 94 
June •.••.••••.•....•. , .. 14.4 7.3 89 
July ..................... 17.2 9.0 107 
AugUllt ............... , .. 16.6 8.7 103 
September .. , .... , ....... 15.8 8.0 98 
October ........... , .... , 14.7 7.7 91 
November .....•...••.... 14.8 7.5 92 
December ............... 16.2 8.5 101 

Year ................ 16.1 100.0 100 

Column (2) gives the death-rate for each month as compared 
with the yearly rate. Columns (3) and (4) are most useful 
in comparing one year with another. They do not involve 
population, an uncertain factor in all but the census years, 
but on the other hand a change in one month affects the 
figures in all the other months. 
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EXERCISES AND QUESTIONS 

"' 1. Make a statistica.l analysis of the general death-rates ol Booton 
6lld Baltimore for tho year 1910. 

s. Make a statistical analysis of the general death-ratee of Chieago 
and New Orlea.na for the year 1910. 

s. Make a statistical analysis of tho general death-ra.tee of other citi""' 
to be assigned by instructor. 

'· Find the median death-rate for the counties of New York state 
IIJr 1910. 

· 6. Compare the seasonal mortalities of San Francisco and Boston 
tor 1910, using several different methods of statement. 



CHAPTER XI 

STATISTICS OF PARTICULAR DISEASES 

In studying particular diseases we commonly use fa~ 
ratios which, though described in different ways, may be 
distinguished by the terms, (a) mortality rate; (b) propor
tionate mortality; (c) morbidity rate and (d) fatality or 
case fatality. In addition to these ratios the number of 
cases of a particular disease may be arranged in groups and 
clllllSeS, by age, sex, nationality, occupation, date of onset 
and in other ways without using ratios; and the same is 
true of deaths from a particular disease. 

Mortality rate. - The mortality rate ior a particular 
disease is obtained by dividing the number of deaths from 
that disease by the mid-year population expressed in hundred 
thousands. 

Proportionate Mortality. - The proportion~<te mortality 
of a particul~Lt disease is the per cent which the number of 
deaths from that disease is of the total number of deaths 
from all causes. The interval of time is usually taken as 
one year, but shorter periods may be used. This method is 
sometimes spoken of as the "percentage of mortality." 

Percentages of mortality are not as commonly published 
as they were some years ago. They do not involve the 
population, hence they are especially useful where the popu
lation is not known or cannot be correctly estimated. Since 
the custom of estimating population by a uniform system 
has become general there h.aa been lees need for considering 

360 
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the percentage of mortality. A theoretical disadvantage of 
the method is the fact that the nwnber of deaths from the 
particular disease appears in both the numerator and the 
dm10minator of the fraction; that is, the number of deaths 
from the particular disease helps to make up the total 
number of deaths. 

Morbidity rate. -The morbidity rate is the ratio between 
the number of cases of a particular disease in a year and the 
mid-year population expressed, in thousands, or better in 
hundred thousands. It is sometimes called the "case rate." 
The morbidity rate is very useful in epidemiological investi
gations. It is usually based on tbe entire population, but just 
as in the case of death-rates, or mortality rates, from particular 
diseases it may be computed for specific age-groups or classes. 

Fatality. The fatality of a disease is the ratio between 
the number of deaths and the number of cases. It. is best 
expressed as a percentage. The fatality of any disease is 
far from being tbe same at all ages. 

Example.-······ In 1915 the population of Cambridge, Mass., 
was 108,822; the total number of deaths from all causes 
1460; the number of cases and deaths from scarlet fever 
were 379 and 5, respectively. From these facts we have the 
following rates and ratios: 

General death~rfl.te, 1460 + 108.822 = 13.45 per 1000. 
Scarlet~fever, mortality rate, 5 + 1.08822 = 4.6 per 100,000. 
Scarlet-fever, proportionate mortality, 5 + 14.60 = 0.34 per cent. 
Scarlet-fever, morbidity rate, 379 + 1.08822 = 347 per 100,000. 
Scarlet~fever, fatality, 5 + 379 = 1.32 per cent. 

Inaccuracy of morbidity and fatality rates. - It must 
not be forgotten that rates fot· morbidity are based on re
ported cases and that not all cases are reported. Nearly all 
morbidity rates are too low. It follows, therefore, t.hat 
nearly all fatality percentages are too high. In the case of 
typhoid-fever, for example, a cornparison of deaths and 
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repprted cases, has led to the popular idea that the fatality is 
abo'in; 10 per cent, that is, one death for every ten cases. 
But in a number of epidemics, where the cases were accurately 
obtained by a house to house canvas, it hilS been found that 
there were from twelve t,o fifteen cases for each death, that 
is, the fatality was only about 7 per cent. 

It is interesting to see how an epidemic of typhoid fever 
will result in an increased proportion of eases being reported. 
In Cleveland, Ohio, in the year 1902 there were but 3.7 times 
as many reported cases as deaths, but the following year, 
when a severe epidemic occurred, there were 7.3 times as 
many reported cases as deaths. If the figures for 1902 had 
been correct it would have meant a fatality of 27 per cent, 
which is most unlikely. 

Causes of death in Massachusetts. - In 1920 the prin· 
cipal causes of death in Massachusetts were as follows. 
They are arranged according to the International List. 

TABLE 87 
PRINCIPAL CAUSES OF DEATH IN MASSACHUSE'I'TS, 1920 

Rank. Cnwoe ol death. Per cent ol 
l!lOrtJ!.nty. 

---
(1) (2) (8) 

--
1 Organic disoas .. of the lillart (79) .......... ...... ' 1!.9% 
2 Cancer and other malignant tutnors (39-45) ........ 8.4 
3 Cerebral hemorrhage and softenia1g (64-, 65) ...... , . 7.8 
4 Other disea.<)f'-6 of the re.apira.tory ~:~ystem (86-88, 

D8--98) ....................... · ..... · • · · .. · • · • · • · 7,3 
5 Tuberculosis of the lungs (28, 29) .................. 7.0 
6 Acute nephritis and Brighw disease (12lH32) ...... 6.6 
7 Pneumonia. (D2) .................................. 5.3 
8 Congenital debllitr and malformations (150, 151) ... 5,2 
9 Violent deaths (suiCides o>cepted) (164-186) ........ 4.8 

10 Diarrhea and enteritis, under 2 years (104) .....•.. 3.1 
61.4 

It will be seen that these ten causes account for about two
thirds of all the deaths. 
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1 . The ten mOBt important causes of death for the U, S. 
·~tration area in 1919 were not placed in the same ort!er, 
\mt were as follows: 

TABLE 88 
PRINCIPAL CAUSES OF DEATH: UNITED STATES, 1919 

(l) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

(2) 

Organic diseases of the heart (79) 
Tuberouloai• of the lungs (28, 29) 
Influenza (10) 
Bright's disease (119, 120) 
Cancer (39-45) 
Violent deaths (1114-186) 
Cerebral hemorrhage (64, 65) 
Pneumonia (92) 
Congenital debility and tnalionna.tions (1501 151) 
Other dise-s of respiratory system (86, 87, 88, 91, 

93-94-!18) 

The proportionate mortality differs more or less in different 
places. It is not the se.me for the two sexes. It differs 
greatly at different ages. It is not the same at all seasons. 
It ia different to-day from what it wllll a generation ago. The 
control of communir-able diseases has considerably altered 
the relative importance of the different causes of death. 

Study of tuberculosis by age and sex. - In attempting to 
study any particular disce.se in order to determine its relation 
to age and sex one will be surprised to find how difficult it is 
to get a complete statement of the necessary facts for any 
given place. Obviously we need to have both the cases 
and deaths cllll!Sified by age and sex, and we also need the 
population and the deaths from all causes arranged by sex 
and according to the same age grouping. If we attempt to 
1111e the U. S. Census reports we find that no data for cases 
are given; if we attempt to use the ste.te board of health 
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reports we may find that the deaths are classified by age and 
sex, but that only the total numbel'll are given for eases; in 
some city board of health reports we may find cases and 
deaths. duly classified but no populations given for the 
corresponding groups and classes. As an illustration of un
satil!factory current practice let us study the statistics of 
tuberculosis for the city of Cambridge, Mass., for the year 
1915. The data in the following table were taken from the 
annual report of the local board of health, except the popu
lation statistics, which were taken from the state census of 
that year. These data are more than ordinarily complete, 
·yet they are not satisfactory, due chiefly to incomplete 
reports of cases. It may be assumed that the numbers of 
deaths are reasonably precise, yet they do not strictly 
represent local conditions as they include deaths in hospitals. 

The numbers of cases and deaths are small and this also 
makes the derived rates subject to erratic fluctuations. 

The fundamental data are given in columns (2) to (9), the 
derived figures in the subsequent columns. Column (10) 
was obtained from columns (2) and (8); column (12) from 
column (8); column (14) from columns (6) and (2); column 
(16) from column (6); column (18) from columns (6) and (4); 
column (20) from columns (6) and (8). 

If we take the figures at their face value we notice fil'llt 
that both the morbidity and mortality rates are high in 
infancy and low in childhood. The male morbidity rate 
reaches ite highest point in age group 30-39 years, but the 
male mortality rate is highest between 40 and 50. In females 
the morbidity rate rises earlier and is highest in age-group 
2Q-29. The highest female mortality rate is also found in 
the same group. Forty per cent of all the cases and 37.9 per 
cent of all the deaths from tube•·culosis among females oc
curred between the ages of twenty and thirty. 

If we study the figures for proportionate mortality we see 
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TABLE 89 

CAMBRIDGE, MASS., 1911 

'"Siatlldcs of Tuberculosls (18-36) C&se1 and Death, Ammged by 
Age and Sex 

---,--.,.--····---··--..,.. 
Doo.ths, all TuberoWOiiliJ Tulwlro~ 

cauaM. l>eatha. Caaee. 

""" =-~--~--1---"l'-. -1-=-~- _l ~ j__~_ j 
aJ (2) (3) '') (ll) (8) (1) (8) (9) 

Q-1 1,114 1,080 138 105 0 I 1 1 
1-4 4,161 4,120 38 40 2 1 6 1 
IHJ 4,996 5,000 13 13 0 1 4 5 

lQ-14 4,488 4,.'i33 7 6 1 1 4 0 
1&-19 4,569 4,901 22 12 9 7 9 17 
2Q-29 10,424 11,326 44 51 23 31 40 :;o 
ao-39 8,334 9,100 64 43 29 19 49 31 
4o-49 6,M2 7,177 80 76 32 10 31 9 
60-69 4,133 4,823 88 85 13 6 14 8 

' ao- r-,.3'",224~-I-;,C4,'ii67""8;-+.:;;229;;;;- 306 10 5 9 3 
Total 51,995 56,808 723 73'1 119 ~ 167l:l5 

Morbidity 
(aase), J;~~ ~ [~ ~- Fatality, 

rat& per of case.!~ tate or deaths. ity' per cent. per cont. Ap. 100,000. . . 
group. . • . , . . 

.t-".ti.a..<lj-ll~ ... ~.a 
:aJ~ ~:i~ :il! :12)1! 

--r-~ - -1-- -----
(1) (101 (11) (12) (131 (141 (151 (16) (171 (181 (IDI (20) (211 

o-1
1 
.~oo~ 93 o.o o.8 o 93 o 1.2 o 1 o 100 

1-4 ''!'! 41 3.6 0.8 48 41 1.7 1.2 5 3 33 100 
IHJ 80 100 2.4 4.0 0 20 0 1.2 0 8 0 20 

1Q-14 89 0 2.4 0.0 22 26 0.8 1.2 14 17 25 " 
J&-19 197 347 5.4 13 6 197 143 7.6 8.5 39 58 100 41 
2o-29 383 441 23.8 40.0 220 274 19.3 37.9 52 61 57 62 
ao-39 588 337 29.4 24.8 348 207 24.4 23.2 45 44 611 61 
- 473 125 18.6 7.2 488 139 26.9 12.2 40 13 103 111 
60-69 239 166 8.4 6.4 315 124 10.9 7.3 15 7 (Ill 75 
6o- 279 64 5.4 2.4 310 107 8.4 6.1 4 2 1ll 167 
Total 821 220 !OO.il iliii:O 229 T44- 100.0 ioo:O 16.511.1 7l' -66 
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that tuberculosis caused 16.5 per cent of a.ll deaths among 
males and 11.1 per cent of all deaths among females. In age
group 2(}-29 this disease caused nearly two-thirds of all 
deaths of females and more than half of all deaths of males. 
In comparing the figures for proportionate mortality it should 
be obserrod that the age-groups are not of equal value 
throughout the table; some cover ten years, some five, one 
covers four years, and one only one year. 

The fatality rates are practically worthless. Sometimes the 
number of reported cases was less than the number of deaths, 
thus making the fatality rate higher than 100 per cent. This 
would be an absurdity, if we did not know that the tuber
culosis deaths of one year may represent cases of the year 
before or the year before that. Tuberculosis is a disease of 
long duration, sometimes several years. The fatality of such 
a disease as this cannot be computed in this way. Yet 
imperfect as these figures are we can gather from them the 
main facts. We can see that tuberculosis is essentially a 
disease of early manhood and womanhood, and at those ages 
we naturslly look to working conditions 88 contributory 
factors. The disease continues as an important cause of 
death up to old age, especially among males. 

If we take the figures for the U. S. Regiatration Area as 
given in the Mortality Report for 1914 we obtain a more 
uniform set of figures, as they are based on 898,059 deaths 
instead of 1460 deaths. (Table 90.) Here the highest 
proportionate mortality for tuberculosis was for age-group 
2(}-24 years; for males it was 34.3 per cent, for females 39.2. 
These figures are considerably lower than for Cambridge. 
The percentage distribution of tuberculosis deaths showed 
a maximum in age-group 2(}-24 for females, and in age-group 
2~29 for males. The morbidity, mortality and fatality 
could not be computed 88 no records of oases and no popula
tion by age-groups were given in the Mortality Report. 



firrusUTION OF DEATHS FROM TUBERCULOSIS 367 
,. 

TABLE 90 

' . DEATHS FROM TUBERCtJLOSIS OF THE LUNGS (18) 

U. S. Registration Area, 1914, by Age and Sex 

Dee.ths, &lleauses. Deaths (28) P<:lreenta&e Proportionate 

Ao<· 
dietribnt.ion. nw:tality. 

...... >. 
Male. Femalo, Mu.le. Female. Male. Female. Mt~.le. Fe!llale. 

- ------1(,) 
Ill (2) (3) (4) (5) (6) (7) (8) - ·······-- ······- -·······- --· --1-----
!hi 118,375 95,735 3,416 2,832 6.1 6.9 2.9 3.0 
6-9 10,162 9,140 832 878 1.5 2.1 8.2 9.6 

ID-14 6,819 6,054 702 1,235 1.3 3.0 10.3 20.3 
15-19 I . 10,934 10,322 2,719 3,801 4.9 9.2 24.8 36.8 
21).-24 17,516 15,408 6,002 6,061 10.8 1,.7 34.3 39.1 
21>-29 19,407 16,300 6,634 5,795 11.9 14.1 34.0 35.5 
3()...34 20,212 15,878 6,466 4,701 11.6 11.4 32.2 29.7 
35-39 23,154 17,155 6,428 3,922 11.5 9.5 27.8 22.9 
40-44 24,116 16,803 5,761 2 950 10.3 7.2 23.8 17.6 
4IH9 25,283 17,779 4,640 2:172 8.3 5.3 18.3 12,2 
liC}-54 28,809 20,294 3,853 1,679 6.9 4.1 13.4 8.3 
li5-5ll 28,896 21,006 2,{105 1,388 5.2 3.4 10.1 6.6 
6()...64 31,255 24,275 2,139 1,217 3.8 3.0 6.8 5.0 
65-69 32,728 27,075 1,460 966 2.6 2.3 4..5 3.6 
70·74 32,760 29,103 929 777 1.6 1.9 2.8 2.7 
75-79 27,365 26,410 515 465 0.9 1.1 1.9 1.8 
80-84 19,132 20,537 188 205 0.3 0.5 l.O 1.0 
85-89 9,600 11,447 48 57 0. I 0.1 0.5 0.5 
9()...94 3,129 4,165 9 16' ... ' " 0.3 0.4 
96-99 704 1,007 6 3 ' " ... .... .... 

IOD- 179 288 I 2 -··· .... 
Total 491,416. ... 406,643. ..55,724 -.n;i79- 1oo.o-

1
1oo-:o -- 10.2 11.4 

. . Sea&onal Distribution of deaths from tuberculosis. - A 
natural way of studying the seasonal distribution of deaths 
from tuberculosis is to subdivide the annual number of deaths 
into the numbers which occurred each month and then find 
what per cent e.ach is of the whole. It is common to arrange 
the results in a hori~ontal line thus: 



368 STATISTICS OF PARTICULAR DISEASES 

TABLE 91 
SEASONAL DISTRIBUTION OF DBATHS FROM TUBER

CULOSIS (28-85) 
U. S. Registration Ana, 1914 

• .ri .:j 'ii ~ g ~ ~ ~ ~ ~ ~ i ~ 0: ~ ~ 
~ " < £ 0 z ~ < ~ ~ 

- - - - - - - - - - - --
(l) (2) (3) (<) (5) (0) (7) (8) (9) (10) (ll) (12) (13) (14) - - - - - - - - - - - --

Number of deathS .... 7622 7&24 8531 -""' 8001 .... .... 6031 11000 8812 8813 ...... 
Per oont of t.Gtal for th• 

yea-r ..•. .. " ... ' 8.9 8.9 10.5 g .8 9 2 8.1 u 7 ' 7 I 7 I 7.4 8.0 100.0% 

These figures show that the largest numbers of deaths 
occur during the spring months, but the difference between 
winter and sununer is not great. It must not be forgotten 
in such a comparison as this that the months are of unequal 
length. While the above figures show that 8.9 per cent of 
the deaths occurred in February and 10.5 per cent in March 
the average number of deaths per day was 269 per day in 
February and 275 per day ln March. The U'. S. Mortality 
Report, from which these figures were taken, do not dis
tribute the deaths in each month according to age. 

Another way of studying the seasonal distribution is to 
find the proportionate mortality for tuberculosis for each 
month. 

~ 
~ 

(l) 

TABLE 02 
PROPORTIONATE MORTALITY FROM TUBERCULOSIS 

BY MONTHS (28-85) 

U. S. Registration Area, 1914 

~ 1 'ii i g % j 1 ~ 
,; 

~ 0 " ~ 
~ 

.., 
~ ~ 

- -- --
~ .. 

(2) (3) 
1--'-

(6) (0) (7) (8) (9) (10) (11) (II) (11!) 

9.1 9.7 9.5 10.1 10.2 13.3 9.3 8.7 8.8 8.8 9.0 9,1 9.4% 

Here the highest per cent was found in June. These figures 
are influenced, of co!lfse, by the numbers of deaths from 
causes other than tuberculosis. 
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bronological study of tuberculosis. - The death-rate 
~from tuberculosis bas deQreased steadily during the last 
\generation in Massachusetts as shown by Fig. 69. This 
'curve does not tell us many of the things which we desire to 

-v -----... --
1\ ~:-~h "'"""~ \ "\, 

. ·-"'" "'. 
\ '" 

\. te70•t 920 
r--- ··-····-···· 

I"'\ 
~ 

r"-. 
" v 

r--- ·~-~-~-~- " /1 ...... ~ 

/4m JDJ" ;&!Jo l6l!IS A!l.fkJ ~ 1.9Q() 1w"' ;.9/t' /.!)IS ;.920 

Yeers 
Fm. 69. - Death-rates. from Pulmonary Tuberculosis, M"""""husetfs, 

187o-J920. 

know. It shows that prior to- 1885 the death-rate exceeded 
300 per 100,000 but that now it is in the vicinity of 100. It 
is not decreasing arithmetically, however. Tuberculosis will 
not disappear by 1940, or thereabouts as one might think by 
a hasty forward projection of the plotted line. 
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A much better idea of the chronological changes in the 
tuberculosis rate can be obtained by plotting the data on 
semi-log paper as shown in Fig. 70. This shows that before 
the discovery of the bacillus of tuberculosis in 1882 tuber-
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lju}osis WliB high and decreasing slowly, but soon after that 
'the de11th-rate began to fall and has continued to fall at an 
a]most uniform rate ever since. There have been a few ups 
jjolld downs, notably at the time of the influenza pandemic, 
but the uniformity of the decrease leads one to believe that 
by 1928 the rate will have fallen to 75, by 1938 to 50, and 
by 1960 to 25 per 100,000. 

It is not easy to obtain specific death-rates for tuber
culosis by sex and age-groups which cover a long period of 
years. Even if we had the figures they would not be very 
reliable because of changes which are being made in the diag
nosis of the disease. 

Tuberculosis and occupation. Many misleading statis-
tics relating to tuberculosis and occupation are continually 
being ·published. As statements of facts they may be 
correct, but they are often subject to the fallacy of concealed 
classification and therefore give false impressions. 

A recent report of the New Jersey State Department of 
Health gives statistics of deaths from tuberculosis in 1916 
~ed by age and occupation. This is a better arrange
ment than is sometimes used, but even in studying these fig
ures, it is necessary to be on guard against wrong conclusions 
because of inadequate data. Thus we find the following: 

TABLE 93 
DEATHS PROM TUBERCULOSIS CLASSIFIED BY AGE Am> 

OCCUPATION: NEW •• 1916 

A ... 

c ..... 
Totol 10-1!1 "'"" ..... <!H9 51).!;9 ,..... 1lHll 8<>-89 90+ 

------- -- ·--- --- - - ---- - - -
(!) (2) (>) (4) (S) (6) (1) (8) (II) (10) (11) 

- - - - - -
Farmers ............. 47 2 6 1 9 11 9 6 3 0 
Fa.rm la.boreJ.'s . . , .... 11 2 .2 3 1 2 1 0 0 0 
Clerk• ............... 1!0 11 45 31 20 2 I 0 0 0 

a:r:!!~~r:s. ___ a_~~_ 858 34 276 269 158 65 36 18 1 1 
General laborers . .... 364 12 61 96 !15 49 'n 4 0 0 
Stone outtero ........ 19 0 0 2 4 7 5 1 0 0 

---- -. --·- . .. ,.. ---· -
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Why is th~ number of deaths from tuberculosis so high 
among housekeepers? Not because housekeeping imposes 
a special hazard, but because there are so many housekeepers 
in the state. Obviously what is needed here are the specific 
rates for this particular disease by age-groups. But to 
compute them it is necessary to know how =Y housekeepers 
there are in the state in each age-group, and who knows these 
facts? Also are the" stewards" referred to male or female? 

Why is the number of deaths among stone cutters so 
small? This occupation is certainly hazardous from the 
standpoint of tuberculosis, as the fine, sharp, stone dust 
tends to lacerate the lungs. We cannot draw any reliable 
conclusion from the figures because we do not know how 
many stone cutters there are in each group. 

We notice that the largest n1lll1ber of deaths from tuber
culosis among farmers occurred in age-group 50-59, but thet 
among farm laborers in age-group 30-39. What is a farmer 
and what is a farm laborer? We must know that. Also do 
farm laborers ultimately become farmers? Is there a shift
ing of individuals from one class to the other as they grow 
older? 

So also in the case of clerks. The largest number of 
deaths is in age-group 20-29. Do the clerks die off at this 
early age or do they cease to be clerks? Are the clerks male 
or female? 

The student of statistics must persistently cultivate this 
critical faculty until it beoomes a habit. It may result in a 
cynical and pessimist.ie frame of mind in regard to published 
vital statistics, but even this is better than an easy lapse into 
an unthinking acceptance of all statistics at their face value. 
Statistics should be used with truth or they had better not 
be used at all. 

Racial composition of population and tuberculosis death
rate. - The following interesting and at first puzzling 
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situation will serve to emphasize the importance of the 
careful a.na.lysis of death-rates and the necessity of taking 
into account not only specific death-rates but the composi· 
tion of the population. 

Jn 1910 the death-rate from tuberculosis of the lungs WM 

226 per 100,000 in Riclunond, Va., and 187 in New York 
City, and yet the specific death-rates from this disease for 
both white and colored persons were greater in New York 
than in Riclunond. The following figures were taken from 
the U. S. Census reports. 

TABLE 94 

TUBERCULOSIS DEAm-RATES IN NEW. YOillt Am> 
RICHMOND 

Pupu.lation. Nwnbet-ol deaths. Death-rate per 
100,000. 

ClaM. 
New Rich. New Rioh- New Rich. 

Yl)l"k. mond, Yorlt, JDODd, Y<>'k. moud. --
(t) (2) (3) (<) (5) (6) (1) 

White ....... 4,675,174 80896 8368 131 179 162 
Colored ..... 91,700 46:733 513 Hill 560 332 
Total ........ 4,766,883 127,628 8881 286 187 226 

The explanation of this anomaly lies, of course, in the fact 
that in Richmond more than one-third of the population is 
oolored, while in New York the colored population is less 
than two per cent. 

Many similar comparisons can be found between northern 
and southern cities. This is merely a striking ease. 

Diphtheria in Cambridge, Mass. - Applying the same 
methods to the study of diphtheria we have the following 
figures: 
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TABLE 00 

CAMBlUDGE, !\!lASS., 1916 

Statis1ics of Diphtheria, Cases and Deaths Arranged by Age and Se~ 

Population. O.UtM, all Dee.tha from CaN of 
A ... MU988, diphtheria. diphtheria, ....... 

Male. Female. Male. Female. Male. Female. Male. Female, 

---------···-- {!) (2) (3) (I) (5) (6) (7) (8) (9) 
----------

o-t 1,114 1,080 138 105 I 3 7 4 
1-4 4,161 4,120 38 40 4 6 56 01 
5-9 4,996 5,000 13 13 5 5 63 80 

1o-14 4,488 4,533 7 6 I l 1.~ 24 
15-19 4,569 4,901 22 12 1 0 7 4 
20-29 10,424 11,326 44 51 1 0 8 12 
3o-39 8,334 9,190 64 43 0 0 4 5 
40-49 6,552 7,177 80 76 0 0 0 1 
80--59 4,133 4,823 88 85 0 0 0 1 
60- 3,224 4,678 229 806 0 0 0 0 

Total 51,99S 56,808 728 737 1."3 15 !iii) T98 

Morbidity Percent~e Mortality Percentage Proportion~ Fatality, (ooael.., rate dilltribut n (dea~h) W.UibutiQn at-o rnort.al-
pet l ,000 of easea. :rate. of deaths. ity,par oant, per«.omt. 

A< .. ...... 
1 ~ ~ 1 ~ ~ 

~ ~ • ~ ~ ~ ! .. ! 5 ! Ill I: ----- ----- -------- - - -
(1) (10) (11) (12) (13) (H) (iS) (16) (17) (18) (19) (211) (21) ---- - ------ -·- ·-· -- --- - --

o-1 629 371 4.4 2.0 00 278 7.7 20.0 0.7 2.8 14 75 
1-4 1340 1630 35.0 33.9 96 146 30,7 40.0 10.5 15.0 7 9 
5-9 1262 1600 39.3 40.4 100 100 38.5 33.3 38.4 38.4 8 6 

to-14 334 528 9.4 12.1 22 22 7.7 6.7 14.3 16.7 7 4 
15-19 158 82 4.4 2.0 22 0 7.7 o.o 4.5 0.0 14 0 
20-29 76 106 5.0 6.1 9 0 7.7 0.0 2.2 0.0 13 0 
3o-39 48 55 2.5 2.5 0 0 o.o o.o o.o 0.0 0 0 
40-49 0 14 0.0 05 0 0 0.0 0.0 0 0 0.0 0 0 
5o-59 0 21 0.0 05 0 0 0.0 0.0 0.0 0.0 0 0 
60- 0 0 0.0 0.0 0 0 0.0 0.0 0.0 0.0 0 0 
Total 3o8 349 100.0 1oo:o 25- -26 Ioo.o Ioo.o TI T.o 8 7 
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,,, Here we see that the maximum age incidence oocurs be
tween the ages of one and ten for hath males and females. 
ibe morbidity rate in Cambridge for this year was higher 
for females than for males, but the percentage distribution 
·~ t)>e cases was about the same for the two sexes. The 
l!lOrtality rates followed the morbidity rates rather closely, 
and the fatality was fairly constant except for infant females. 
The proportionate mortality was highest in age-group 5-9. 
It must be remembered that these rates are computed from 
:~~~D&.Il numbers of cases and deaths, hence no very uniform 
or significant conclusions can be drawn from them. It is 
only by using large numbers of events that significant 
tendencies can be shown. The differences between the 
occurrence of diphtheria and tuberculosis are, however, very 
anriking . 
. The sea.wnal distribution of reported cases of diphtheria 

was as follows: 

TABLE 00 

SEASONAL DISTlUBUTION OF DIPHTHERIA CASES: 
CAMBRIDGE, MASS., 191G 

.. -·--····-···· 
.0 

~ ~ 
E 

~ 
~ !l .:. .. i 8 • " ~ • • .. " z • :-. )II • ., <11 " ~ ~ 

(I) (2) (3) (4) (6) (6) (7) (8) (9) (10) (11) (12) (13) (I<) 

Number of oases . . .. 24 35 37 44 31 32 21 15 20 25 38 ;ro 358 

It will be noticed that the lowest numbers were reported 
during the summer vacation months. 

Knowing that the incidence of the disease was greatest 
during the school ages does this indicate that schools played 
an important part in spreading the infection? Do these 
statistics prove it? If not, what other ~t~tisti"'l would be 
necessary to prove it? 
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Age susceptibility to diphthorla.- Dr. Charles V. Chapin 
the Superintendent of Health, of Providence, R. I., has been 
in the habit of computing what he calls the attack rate. This 
is a ratio between the number of cases and the number of 
persons exposed, that is, all the members of the family where 
the disease occurred, including the caaes and th(J!l(l who were 
removed from home after the disease developed. The follow
ing figures, given in Dr. Chapin's report for the year 1915, 
are based on a study of 53,280 ex~ persons during 1889-
1915. 

TABLE 97 

DIPHTBERJA ATTACK RATE: PR.OVIDENCE, R.. 1., 1816 
-

Age-group. Attack rate A1e-group. Attaek rat• 
(per cent), (per cent). 

(1) (2) (1) ' (2) 

o-1 yr. 16.70 12+ yr. 31.12 
I+ 43.66 13+ 26.08 
2+ 54.5.5 14+ 22.41 
3+ 55.61 15+ 18.92 
4+ 5.5.91 16+ 18.58 
5+ 53.99 17+ 17.85 
6+ 53.82 18+ 16.86 
7+ 49.33 19+ 17.33 
8+ 44.31 20+ 23.56 
9+ 4.().91 Adults 6.83 

10+ 36.42 Total 25.45 
11+ 35.35 . 

These figures indicate that the chance of exposed persons 
acquiring the disease in recognizable fonn is highest at age 
four and decreases steadily as the age increases. At the 
most susceptible period more than half of those exposed 
came down with diphtheria. 

It will! found that between the years 1889 and 1915 out of 
6822 families who lived in houses where the disease existed 
in other families, only 4 7 4 of these exposed fa.milles were 
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. attacked, . This is only 6.9 per cent. In most of these cases· 
of attacked families there had been some sort of intercourse 
with the infected families, that is enough to transmit the 
disease by contact. 

Fatality of diphtheria. - Dr. Chapin bas aJ.so kept a 
careful record of the fatality of diphtheria in Providence. 
In 1884 it was 30 per cent, and a few yeara later it rose to 
42 per eent. Between 1895 and 1896 it dropped from 20 
per cent to 14 per cent, since whieh date it h8lil fallen until 
now it is only about. 8 per cent, that is, there ia only one death 
for each 12 cases. The fatality is not the same at all ages as 
the following table 1 shows: 

TABLE 08 

DIPHTHERIA CASE FATALITY AT DIFFERENT AGES 

1889-19U. 1915. 
Age, 

C..oo. Deaths. -Fat~lity, "-· U..U>• Fatalit;y. 

(1) (2) (3) (4) I•> (6) (7) 

IJ-.1 280 9(l 34.28 21 2 9.52 
1+ 706 247 34.99 43 6 13,9(1 
2-4 3,322 601 20.98 181 24 13.26 
H 4,541 460 10.13 219 15 6.85 

liJ-.14 1,801 83 4.61 9 3 3.79 
I/H9 616 26 4.22 20 1 5.00 
20+ 1.670 40 2.39 62 2 3.23 

Total 12,936 16411 12.74 625 53 8.48 

The greatest decrease in the fatality of the disease bas 
occurred among young Qhildren. 

To a large extent the decreased fatality has been due to 
the use of antitoxin, which decreased the number of deaths. 
To some extent it may have been due to better diagnosis by 

1 Ann. &port Provideneo Supt. of Health, 1915, p. 64. 
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culture. If this practice increased the number of recognized 
cases it would decrcaee the fatality rates. 

Diphtheritl. is a short disease. Hence the fatality can be 
computed fa.r more accurately than in the case of tubercu
losis. 

Chronologital study of diphtheria. -- Fig. 71 1 shows 
the decrease in the death-rate from diphtheria in Massa
chusetts since 1873. In 1876 the rate was very high, about 
195 per 100,000. It has decreased very greatly until now it 
is usually less than 20 per 100,000. Recurrences of diph
theria have occurred at intervals of five or six yea!'ll. After 
the great epidemic of 1876 there was no important recurrence 
until1889, but after that recurrences were noted in 1894 and 
1900. Since then, tha11ks no doubt to preventive medicine, 
the recurrences have been so slight as to be almost un
noticed. 

What is the reason for these recurrences, for this periodic 
development of diphtheria? In a general way, whooping 
cough, scarlet fever, measles, all children's diseases, have 
similar recurrences. It is commonly explained on the theory 
of susceptibility. It has already been seen that the rate of 
attack of exposed persons is very high among young children. 
It is known, too, that one attack usually makes the victim 
relatively immune against a second attack. After a period 
of relative quiescence during which the class of susceptible 
children has been annually recruited it is natural to expoot 
that an epidemic may spread. This is apparently what 
happened until the methods of preventive medicine came 
to be generally used. It probably still happens, but to a 
less extent than former! y. • 

Urban and rural distribution of diphtheria.- It is not 
easy to obtain complete statements of the facts to show the 
differences between the occurrence of diphtheri11 ill cities and 

' State S&nitati<>n, VOl. I, I'· !67, 
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rural districts. Occasionally partial statements are pub
lished. In the annual report of the Michigan State Board . 
of Health for 1916--17 it is stated that for the period 1904-15 
the morbidity rate was 213 per 100,000 in urban districts and 
82 in rural districts; the mortality rates for 190&-1915 were 
16.2 and 12.2 per 100,000 respectively. The fatality was 
10.9 per cent for cities and 15.7 for urban districts. No 
separations were made according to age and sex and it is 
difficult to find these facts. There is, however, quite a 
difference in the age distribution of diphtheria between the 
city and the country. In general tbe average age of diph
theria cases, a.s well as of persons dying from this disease, is 
lower in the city. The following facts were taken almost 
at random from the Mortality Statistics of 1914: 

TABLE 99 

PERCENTAGE AGE DISTRIBUTION OF DEATHS FROI\I 
DIPHTHERIA 

Cities. Rural et.ates. 

Ago. 

Now York. :.Boeton. Vermont. New Maioo, Hanrpt~hlre. 

(1) (2) (3) (4) (6) (6) 

0+ 10.7 7.7 0.0 6.7 9.3 
1+ 25.9 21.4 5.2 17.8 10.5 
2+ 16.5 13.7 18.4 11.1 16.3 
3+ 13.7 14.9 18.4 8.9 9.3 
4+ 9.7 6.0 13.1 17.8 7.0 
ll--9 (av.peryr.) 3.7 5.3 6.3 4.0 7.0 

IQ-19 " 0.26 0.6 0.52 1.55 0.7 
2Q-29 " 0.14 0.12 0.0 0.0 0.23 
3Q-39 .. 0.05 0.06 0.0 0.0 0.23 

Statistical study of typhoid fever. - Typhoid fever has 
been given a great deal of attention from the statistical 
poip.t of view. Hundreds of scientific papers describing 
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1fQca1 outbreaks of the disease, variations in the typhoid fever 
~death-rate and so on have been published. For the moet 
~part these have been extensive and not intensive studies. 
· It is rather surprising, when we view this enormou~ mass of 
statistics, how little we know about certain important points, 
such as the morbidity and fatality rates at different ages. 
Our interest has been engrossed by the more important 
matter of causation. There are many ways in which the 
disease may be communicated from one person to another 
and this question must be answered for each particular out
bresk or epidemic. The interest in statistical studies of 
typhoid fever has, therefore, centered around the subject of 
correlation, a phase of statistics which we shall consider in 
Chapter XIV. It will be useful to consider at this point 

"IIOme of the fundamental relations of this disease to human 
beings. Those who are interested in the epidemiology of 
the subject are referred to the author's book on Typhoid 

. Fever. This book, it should be said, is to-day oomewhat 
out of date, although its historical value remains. 

Age distribution of typhoid fever. -·The largest number 
of deaths from typhoid fever is generally found in age-group 
20-29 years. Table 100 shows the percentage distribution of 
deaths by ages according to the U. S. Census 1 for 1900. 

In the case of epidemics caused by a widely scattered in· 
fection, as through the public water-supply, the age dis
tribution of the deaths usually approximates these figures. 
If, however, the outbreak occurs in a school-house or is 
caused by infected milk, which is used more freely by children 
than by adults, the larger numbers of deaths may occur in 
the lower ages; in fact, this is a test often applied in the study 
of typhoid fever outbreaks. 

t Vital Statistics, Vol. lii, Part I, page oxlti. 
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TABLE 100 

PERCENTAGE DISTRIBUTION OF DEATHS FROM 
TYPHOID FEVER; UNITED STATES: 1900 

Ap.group. l?~r cent of death111. Age-Kro'Up. P"r cent of deathiJ, 

(!) (2) (!) (2) 

CH 4.09 5Q...54 3.52 
5-9 5.05 55-59 2.55 

1().-14 6.20 60-64 1.95 
15-19 11.23 65-69 1.12 
20-24 17.78 7Q-74 0.91 
25-29 15.09 75-79 0.34 
3<Hl4 11 ,4(1 80-84 0.11 
3549 9.12 85-Sll 0.09 
4CH4 5.77 Total 100.00 
45-49 4.62 

If we take the specific death-rates by sex and ages we 
obtain the following figures: 

TABLE 101 

SPECIFIC DEATH-RATES FOR TYPHOID FEVER 

United States: 1900 
··-·-··-··-··-·-··-·-·-·--·-·--·· 

Rate per 100,000. Rate pet 100,000. 

.A,gt~group. Age-group • 

M- !Ce:nt"eti. )f.:Ja~j. FIYlll8tes. .. __ ----- ---·-·---
(!) (2) (>J (!) (2) (3) 

CH 12 16 45-49 34 29 
5-9 15 21 SQ-54 30 30 

!Q-14 17 31 55-59 30 33 
!5-19 45 53 6Q-64 29 33 
20-24 66 57 65·69 22 40 
25-29 61 48 7Q-74 27 48 
20-34 53 43 75-79 20 23 
35-39 48 39 SQ-84 10 26 
4CH4 34 ·37 85-89 16 35 
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It will be noticed that these differences are not as great 
118 in the previous table. This is because there are fewer 
persons living at the ages above 50 and even if the specific 
rnte remained high there would not be as many deaths. It 

· is for this reason that both the age distributioo of deaths 
and the specific death-rate are importaot tabulations. The 
specific rates just given represent practical conditions and 
tak;e ioto accouot the important element of exposure. The 
difference betweeo the death-rates of males and females at 
ages 25--29 must not be regarded as having a physiological
basis, for at those ages males are more exposed to the dis· 
ease than females. 

Except at times of epidemics typhoid fever is not a well
reported disease. It is difficult therefore to obtaio reliable 
specific morbidity rates by sex and ages. Such as haYe been 
computed, however, show an age distribution very similar to 

· that of deaths, but with a tendency towards larger per· 
centages of cases in the earlier years. 

The fatality of the disease at different ages is not as well
established as it ought to be. Computations by Newsholme, 
by A. W. Freeman 1 and others seem to warrant the follow
ing approximate figures; but according to the author's ex· 

· perience they are too high. Their value is largely relatiYe. 
TABLE 102 

APPROXIMATE CASE FATALITY IN TYPHOID FEVER 
···-··-·· ..... Percent.. ..... &roont . 

(l) (2) (1) (2) 

---·-··-~· -
0 15 40 21 

10 8 50 25 
20 15 00 42 
30 IS All agee 14 

' Case Fatality in Typhoid Feve<, Public Heo.lth Reporta, Dec. 8, 
1916. 
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It is probable, therefore, that there is much unreported 
typhoid fever among children, some of it doubtless unrecog· 
nized. 

Seasonal distribution of typhoid fever.·- The seasonal 
distribution of typhoid fever appears to be closely related to 
the manner in wb.ich the infection is communicated. Nor· 
mally there appears to be a fairly close relation between 
typhoid death-rates and atmospheric temperature, as shown 
in Fig. 72. Water-borne typhoid is most common during 
the colder months of the yea.r. Examples of sea.'lOnal dis
tribution of typhoid fever are to be found in many epidemio
logical studies. 

Chronological reduction in typhoid fever. -~The reduc
tion in the amount of typhoid fever in the United States 
doting the last twenty-five years has been general and steady. 
From being one of our most dreaded diseaaes it SOOinB likely 
to almost disappear. This has been due to many things. 
George A. Johnson, 1 in an exhaustive compilation of statistics, 
gave the chief credit to the purification of public water 
supplies by filtration, his conclusions being summed up in 
Fig. 73. His main contention is doubtless correct, but the 
purification of water is only one of many factors in the prob
lem. The safeguards thrown around milk and other foods, 
the better understanding of the idea of contact, the con
stantly decreasing number of typhoid carriers since the Civil 
War and since the purification of water-supplies, the recent 
extensive use of vaccination methods, have contributed to 
the present low and falling death-rates. The typhoid-fever 
death-rates in many cities using unJiltered water-supplies 
have fallen along with the others. 

Fig. 74 shows the decrease in typhoid fever in Massa
chusetts since 1880 plotted on semi-log paper. The high
rate wb.ich prevailed after the war was gradually falling in an 

• The Typhoid Toll, Jour. Am. Water Works Assoo., June, 1916. 
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imgular way, but about 1888 following the early sanitary 
~fork of the State Board of Health, it took a new downward 
jdope. This continued until about 1908, when campaigns in 
favor of cleaner milk, especially Pasteurized milk, resulted 
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Fro. 74.- Death-rates from Typhoid Fever1 plotted on Semi .. 
log111'ithmie paper. 
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in giving the typhoid rate a new downward slope. Similar 
diagrams for other states and cities enable one to deteet 
the separate effects of such measures as water filtration, 
water chlorination, milk pasteurization, and even typhoid 
vaccination. 

Statistics of cancer. - Let us now take up a disease which 
is quite different from tuberculosiB, diphtheria and typhoid 
fever, namely, cancer. This involves some interesting appli
cations of statistical principles. The subject is one which 
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demands most careful investigation and the reader ·should 
by all means read a paper on " The Alleged Increase of 
Cancer," by Prof. Walter F. Willcox, of Cornell University, 
as a splendid example of critical work.' 

Extensive studies of death-rates have shown that as a 
reported cause of death cancer is on the increase. Dr. F. L. 
Hoffman in a most elaborate monograph entitled " The 
Mortality of Cancer throughout the World," • has demon
strated this fact. But is this reported increase an actual 
increase? Is it due to changing conceptions of the statistical 
liDit, to a better recognition of the disease, to differences in 
the composition of populations? Messrs. King and News
hohne,' take the ground that the alleged increase is due to 
statistical fallacies. Their conclusion is based on intensive 
studies. Willcox, in the article referred to, has made a critical 
comparison of these two points of view, and his conclusions 
are that " improvements in diagnosis and changes in age 
I)Omposition explain away more than half and perhaps all of 
apparent incr~,ase in cancer mortality." Dr. Stevenson' 
has found, however, that in England and Wales the increase 
in " aCcessible cancer " among males has been greater than 
that of " inaccessible cancer." 

It is admitted at the start that no reliable statistics of 
cancer morbidity exist. Therefore, neither morbidity nor 
fatality rates can be computed. The entire discussion rests 
on deaths. 

The increase in reported deaths from cancer is well shown 
by the following figures: 

I Quar. Pub. Am. Sta. Asso., Sept. 1917, Vol. XV, p. 701. 
1 Published in 1915, by the Prudential Press, NOWil.l'k, N. J, 
1 Proc. Royal Soeiety, 1893, liv, pp. 209--242. 
• &port of &gistnu- General &gland and Wales, 1917. 
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Year. 

(I) 

1900 
1905 
1910 
1915 
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TABLE 103 

DEATH-RATES FROM CANCER 

U. S. Re£istration Area of 1900 

Rate per 100,000. 

Male. ._ .. _. __ ._ .. _. 
(2) 

47.0 
53.0 
6ll.6 
72.3 

389 

Femal-. 

(3) 

80.7 
92. I 

103 7 
111.9 

The death-rate for females is considerably higher than for 
· 1nales. 

The specific d~ath-rate by ages and sex runs as folloWl!: 

TABLE 1~ 

SPEClFlC DEATH-RATES FOR CANCER 

U. S. Registration Area of 1900 lor the Year 1910 

Ratfl per 100,000. Rate par 100,000. 
~ .... Age-group. 

lUI&. Fema.le. Male. Female. 

(I) (2) (3) (I) (2) (3) 

Q-5 4.1 2.8 35-44 33.0 88.9 
5-9 1.5 1.2 4.'>-54 106.7 230.7 

lQ-14 1.8 1.4 51>-64 272.0 411.3 
15-19 2.9 3.5 &i-74 493.6 616.2 
2Q-24 4.9 4.1 75- 693.7 867.8 
25-34 9.5 21.9 

-
By applying the method of adjlll!tment to the Standard 

:Million of Population, Willcox finds that for England and 
Wales in 1911 the death-rate from cancer. soould have been 
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91.5 instead of 99.3 per 100,000. In 1901 it was 84.3; hence 
the increase, instead of 17.8 per cent, would have been 8.7 
Jl!ll' cent if computed on the basis of similar populations. 
Similar comparisons are made for other populations, from all 
of which the conclusion is drawn that about one-third of the 
increase in all the populations considered is due to changes 
in sex and age composition. 

In regard to diagnosis many interesting facts are presented. 
There are differences between the statistics for accessible and 
inaccessible cancer, the increase being chiefly in the latter. 
"Laymen seldom report cancer as a cause of death,'' and 
there appean! to be a correlation between cancer increase 
and an increase in the number of physicians per 100,000 of 
population, and the number of medical certificates signed by 
competent persons. The increase in hospitals is also a 
factor. De.aths ascribed t<> tumor, and to "old age," have 
been decreasing, as cancer has increased, and the implication 
is that there has been a shifting of these statistical units. 
For all of these deaths the reader should consult Willcox's 
paper. He gives also, by way of analogy, a comparison 
between cancer and appendicitis, which shows that the rate 
of increase in reported causes of death are substantially the 
same for the two diseases, namely, 44 per cent and 40 per 
cent respeetively between 1900 and 1915. The upshot of 
this investigation is that there is no more reason for people 
to fear dying from cancer now than there was a generation 
age. The disease has not changed, people have uot changed; 
it is the reports of the physicians which have changed because 
of their increased knowledge. Is this the last word on the 
subject? Probably not. 

Further studies of particular diseases. - It is not possible 
to take up the hundred or more particular diseases and 
discuss them by means of statistics. This, however, is one 
of the chief lll!eB of vital statistics. Enough has been given 
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perhaps to illustrate the method of procedure, and to em
phaaire the importance of critical !Jtatistioal analysis. The 
necessity of considering specific rates, and varying composi
tions of populations in all these !Jtudies cannot be too strongly 
insisted on. 

The !Jtudent will find it a fascinating and highly valuable 
1\tudY to ta.ke up some disea.se in which he may be interested 
and study it intensively. There is room in !Jtatisticalliterar 
~ure for many monographs treating of the stati!Jti<:S of 
particular diseases. 

EXERCISES Aim Qlll!SnONS 

1. Describe the cycleo of whooping oongh in New York State ainee 
18811. [N.Y. state Dopt. of Health, Monthly Bulletin, March 1917, 
p. 70.1 
. L -How would you find out what proportion of aU children born have 

whooping eongh AI aome time in their lives? Try to make up a table 
from 1110rbidity statistics of whooping cough classified by age in years, 
and oee if you cannot determine this. Select, for example, the r-
1910. How ma.ny babies were born that r- and how many had had 
whooping cough while infants? In 1911 how many cases of whooping 
coup were in age-group 1-2i in 1912 how n1any in a.ge-groupa 2-3, etc.Y 
.Add these together and comp!\J:e the reeult with the birthe in 1910. 
Then do the same st!\J:Iing with 1909, and then 1008, ete. Comp!\J:O all 
the reswts. Are they more uniform than the ordinory o.nnualet&tisties 
for whooping oough? 

$.. Make the sa.me sort of study lor measles. 
&. Make the same sort of study for diphtheria. 
&. Make the same aort.of study for scarlet lever. 
e. Cornp!\J:O death-rates for whooping cough, measl..,, etc., in urban 

and rural districts. Whet foundation is there lor Fa;rr's law that 
· cont&gious diaeases inereaoe as the density of population? 
. 7. Explain the reoent finding that the death-rates from measles in 
·the U. S. army cantoll!llents baa varied inve,..cy as the density ol. 
;population (percentage ol urban population) in the.states from "hieh 
the aol<tiora came. . 
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8. Describe the periodicity of whooping cough in Sweden. (See 
Stephenson and Murray'sl'extbook of Hygiene.) 

9. _Describe the age distribution of Pellagra. [See Amor. J.P. H., 
July, 1918, p. 488.] 

io. What reduction in diphtheria has occ11ITed ns a result of the uae 
of anti"toxin. [See Am. J.P. H., May, 1917, p. 445.] 

11. Is appendicitis increasing? (See Am. J. P. H., July, 1916.] 
111. Make a statistical summary of the influenza epidemic of 1889-90. 

Consult reports of state rutd city departments of health. 
13. Make • statistical study of the influenza epidemic of 1918 lOll 

some state, city or town. 
14. Prepare a short. statistical summary of eancer,- its geographi .. 

0&1. distribution, its ooeurrence among different age.-grou.ps, its chro
nology, etc. (Hoffman, Frederick L. The Mortality from Can.., 
throughout the World. Newark. The Prudential Prces, 1915.] 



CHAPTER XIT 

STUDIES OF DEATHS BY AGE PERIODS 

Infant mortality. - No part of vital statistics is attracting 
W,ore attention nowadays than the subject of infant mor
tality. It is, indeed, a serious problem and worthy of most 
careful study. It is a complex problem and one difficult to 
mderstand. It is a problem which goes beyond itself. 
Newsholme says that "infant mortality is the most sensitive 
iitdex of social welfare and of sanitary improvements which 
we possess." Another says that "infant mortality is to the 
health officer what the clinical thermometer is to the physi
cian." People who will not take care of their offspring will 
·not take care of themselves. 

Some definitions. - The term infant is applied to any 
child from the day of its birth up to one year of age. Statis
tically a child born dead is not included among either births 
or deaths; it is a still-birth. But if the child is born alive 
and dies almost immediately it is to be regarded M e.n infant 
and both its birth and its death is to be recognized statisti
cally. In the past health officials were not careful to make 
this distinction and many of the old statistics are for that 
reason not comparable with present-day records. This 
should be kept in mind in comparing statistics which extend 
over long periods of time. 

The specific death-rate for infants, that is, for age-group 
0-1, is computed in the same way as the specific death-rate 
for any other age-group, namely, by dividing the annual 
number of deatha in the group by the mid-year population of 

393 
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the group, expreeaed in thousands. By injanl mcn"la!ily, as 
the term is generally understood, is meant something slightly 
different, niiJllely, the number of infant deaths in a calendar 
year divided by the number of births during the same year. 

Prenatal deaths. - Freta! deaths which occur before the 
sixth or seventh month of geatation are known as miscarriages 
and are not reportable or recognized in ordinary statistical 
work; those which occur later than this are called still· 
births and must be reported. The time limit is sometimes 
stated as twenty-eight weeks, sometimes it is made dependent 
upon the apparent condition of the fretus. A still·birth, 
although reportable both as a birth and a death, should 
always be kept apart from true births in tables of statistics. 

The following figures show how in Boston the ratio of still· 
births to total population and the ratio between still-births 
and living births have changed during the last thirty years. 

Yeu. 
Nlml.berper 

100 living 
births. 

(1) (2) 

1891 42 
1892 4.2 
1893 u 
1894 4.5 
1895 3.8 
1896 3.9 
1897 3.6 
1898 3.7 
1899 3.3 
1900 3.5 
1901 3.6 
19(Y.! 3,9 
1903 4.0 

TABf,E 106 

STlLlrBIRTRS, BOSTON 

Nwnborl'f N-umber p&r 
1000 iili j. v .... " 100 li'riri& 

tants. births, 

('!) (1) (2) 

1.3 1904 4.0 
1.2 1905 4.2 
1.3 1906 3.8 
1.4 1907 4.0 
1.2 1908 3.4 
1.3 1909 4.0 
1.2 1910 3.0 
1.1 
1.0 
1.0 
1.0 
1.1 
1.1 

N•mbm-l'f 1000 inhA . ...... 
(8) 

1.1 
1.1 
1.1 
1.2 
1.0 
1.1 
1.0 
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The monthly reeords show no appreciable variation in the 
rate of still-births during the year. The ratio of still-births 
to living births is much greater for illegitimate than for legiti· 
roate children, especially aroong mothers less than twenty 
years of age. There are ma:rked differences in the still-birth 
rates in different countriea. 

At Johnstown, Pa., 4.5 per cent of all births were still· 
· births, and 8. 7 per cent of all mothers reporting had suffered 
llliscarriages. 

The percentages of still-births arranged according to the 
age of the mothers gave the very high percentage of 11.1 
Per cent for mothers under 20 years of age, 4 per cent for age 
group 20-24, 5.1 for 25-29 years, 4.4 for 30-39 years, and 3.3 
for agea over 40. The percentage for native mothers was 
5.2 per cent, for foreign mothers, 3.8 per cent. 

Infant mortality and the specific death-rate for infants. -
There are two reasons why the specific death-rate for age 
group 0-1 year is not used more. There is the difficulty 
of finding the actual number of infants alive at the middle of 
any calendar year. Of course, a census might be taken on 
July 1, but even that figure would not be very satisfactory 
for births are not uniformly distributed through the year 
and the ages of infants are often given incorrectly. It is 
possible to compute the number alive July 1 from. the 
monthly records of births and deaths, but rarely, if ever, in 
this country are the data for doing this published. The 
reports of vital statistics of Hamburg contain each year a 
table like that shown in Table 106from which this computa
tion can be made. 

Starting in 1911 we see that in January 1853 children were 
born, of which 260 died the same year; 5, however, died in 
January, 1912, before reaching their first birthday. Of the 
children born in February, 1911, 8 died in January, 1912, 
and 3 in February, 1912, By keeping up this tabulation we 
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TABLE 106 

BIRTHS AND DEATHS OF CHILDREN UNDER ONE YEAll 

Hamburg, 1911 and 1912 

Died in 1912 heror& ~Ill age of ~ 
Rooohed 

Died the finJt Li y- QDeyear. •• year alive . 
~ and Birtba. In 

1911. M.12 
.... .... 

I. F. M. A. I. A. s. 0. N .D. Total Y""· No. % 19 

(i) ,, 
'" "' '" "' (7) ~~ (10) (Uj tl'-l "" "~ (11) "'" <nr ~ Q,) r-. 

mr. 1...:.: 
1 ... 1 .... 260 5 ... ... ... ... ... . .. ... ... . .. ... • 265 t,SSS 8!'1<) . .. 
:F!<lb. 1.700 2M 8 ' . ... . . ... ... . ..... ... ... II ,... 1,436 84.41 .. . 
l\1.,, 1.762 253 • • •• ... . " 16 .., 1,483 81.6.1 ... 
April 1,71$ 251) 6 • Ill 3 ... "" ... ... "" ". " . . " .. 275 1,438 83.115 ... 
l\lay 1.777 2.11 ll 3 lO 43 ' .. ... ... ... ... ... .. . ... 31 28> 1 .... 8t.13 .. . 
lune 1,670 '" 11 8 II 7 8 0 ... .. ... ... ... 45 287 1,383 82.81 . .. 
luly 1,791 265 14 8 • 10 • 13 •• ... .. " 317 uu 82.30 " .. 
Aug. 1.760 188 15 10 .., • ' • • ' ... .. . ... ... 70 us 1,002 85.34 ... 
Sept 1,670 124 18 11 8 8 11 • 2 7 2 " ... 73 197 1,478 88.20 . ... 
(lot. 1,868 131 19 18 17 6 14 • 8 • • • ... .. 23Q 1,(38 8fl.21 . ... 
Nov. 1,003 " 21 " • 10 8 1• ' 8 7 5 3 ... 133 223 1,380 811.011 .. .. 
Dec. IS':"! " 53 21 25 14 10 ' 13 ' ~ 10 6 2 170 237 ~ 86.10 I= 
Sum 20,662 23.56 191 120 (18 71 67 "' 42 " 18 17 g 2 749 310h 11.an 84.117 

-;;;:;:--- -1- - ---------- - ------- 1-
lao. 1,829 . "". 78 .. 3019 11 13 !2 • 8 • • 3 '" :~ }'l)b, 1,722 ····· ... .. 4420 12 15 15 15 • • • 3 199 
Jlar. 1,810 ~1 " 21 20 15 111 7 6 16 • 21)1 ·~ Aoril 1,'121 .. ..... 57 37 17 .. '' • 1 6 8 17'7 

:~ l\lay 1,723 ...... ··- . . ' '" 76 26 2028 12 12 .. 8 IM 
1une x.m .. , . .. ... .. 60 41 26 21 18 7 12 116 ::: luly 1.833 .... .... . .. 6!1 t3 21 19 16 ll 178 !, 
Auc. l,IU7 . . ... ... "" ... ... ... ... . '" 70 26 30 .. 21 I ell "" .. ...... :::. Sept, 1,748 ,,,, . . . . ' . ... .. 87 27 " " 1<1 I, 
Oat. 1,781 .... . . . '" . . . . . . ... ... 71 " 33 102 :~ Nov. 1,688 " ... ... ... .. ... 69 11.5 10< 

.~· ~ _Iiiii!_ :.=:..:.:.:. I'"" 1"-' "'-' l:.cc = 70 70 

Sum 21,248 , , , . . 78 101 137 125 163 1.51 101 2.20 176 199 "' 232 2006 .~ 
'Oied in yau.r 1012 .• ~269 "' 2~/.i 199 230120ll 23aj261 '"i"' 23a "" 27/ill 
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obtain all the deaths in 1912 of babies bom in 1911. In tbe 
same way we obtain the deaths in 1912 of infants born in 
1912. These added to the preceding give us all the infant 
deaths for 1912, namely, 2755. The number of children 
living Jan. 1, 1913, was 21,248 - 2006, or 19,242. By 
starting with Jnly 1, 1911, we could obtain the number of 
infants living July 1, 1912. It requires monthly records 
extending over two ealt>nd>Lr years to get this result, and 
even after we get it it may not be exact as there may have 
been errors in the records. 

The ·infant mortality is much simpler to compute, but it is 
not without its errors. Birth reporting is notoriously bad, 
and there is often doubt as to the stated age of the dying 
child. Children within a few months of their first birthday 
are smnetirnes suid to be a year old. 

In the long nm, the average specific death-rates for age 
group 0-1 agree fairly well with the infant mortalities, but 
in any pa1'ticular place and year they may vary from each 
other as much as twenty-five or fifty per cent. The infant 
mortality should be stated in whole numbers as the accuracy 
of the data does not warrant the usc of decimals. 

The deaths of infants in one year will include some who 
were born in the preceding year. In om iofant mortality 
ratios, therefore, we are not dealing wholly with the same 
infants in the denominator and numerator. Fluctuations 
in the birth-rate in successive years may influence this 
ratio. 

First-year death-rate. In the case of Hamburg we see 
from the table that in the year 1912 there were 21,248 births 
and 2755 infant, deaths. From these figurt'B we may compute 
the infant mortality ratio in the usual way and obtaiu 130 
per 1000. Yet if wo consider the 20,662 births in tho twelve 
months of 1911 and follow them through their first year, we 
find that 3105 died, that is the ratio was 1.50 per 1000. In 
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other words, 850 per 1000, or 85 per cent reached, their first 
year of life. 

In the printed table we find in the last column for 1911 
figures which show these percentages by months. It is 
interesting to notice how this percentage of born children 
who reach their first year variM with the season. According 
to the 1911 figures for Hamburg, September is the most 
favorable month for a birth because 88.2 per cent of the 
children born that month reached the age of one year; 118 
per thousand died. July is the most unfavorable month as 
only 82.3 per cent reached the first year; 177 per thousand 
died. 

Very few American cities keep their records in such shape 
that facts like these can be easily secured. In Hamburg they 
publish both the infant mortality rates and the pereentsgo 
of infants who die in their first year of life. They also pub· 
!ish the proportionate infant mortality, that is, the per cents 
which the infant deaths are of the total deaths. It is in· 
teresting to compare these figures. 

TABLE 1111 

INFANT DEATHS, HAMBURG 

Proportionat.e In!ant mortality (per NumOOt of inftuttfl per 
1000 who died in ~heir Year. mortality, 1000 births.) fint year. 

Ill (I) (3) (j) 

1008 26.2 156 184 
1009 23.7 142 159 
1910 24.4 149 160 
1911 23.4 158 159 
1912 20.8 130 141 

This method of studying infant mortality by determining 
the percentage of first-year deaths was used in the Johns
town, Pa., investigation in 1914. It was here referred to as 



REDUCTION IN INFANT MORTALITY 399 

the "absolute infant mortality," the conventional method 
of comparing births and infant deaths for a calendar yea.r 
biling regarded, as indeed it is, as an approximate method, 
chosen for convenience only. In Johnstown the results were 

· obtained by an intensive study of individual infants. Con
trary to the results in Hamburg the "percentage of first-year 
deaths" was less than the ~'infant mortality," the figures 
being 13.4 per cent (134 per 1000) and 165 respectively. 

Various methods of stating infant mortality. - It will be 
seen that infant mortality may be expressed in various 
ways: 

1. Rate of deaths in first year-the true, or "absolute," 
method. 

2. Infant mortality, the calendar ratio between infant 
deaths and births- the common method. 

3. Specific death-rate for age-group o-1 year- difficult 
to compute, but useful as hereafter shown. 

4. Proportionate mortality- the ratio between infant 
deaths and total deaths. 

5. Infant death-rate per 1000 Inhabitants- a ratio rarely 
used and of little value. 

It should be noticed that all of t.hese ratios except the first 
are calendar ratios, that is, they are based on one year or 
some other interval of time. The true rat.e of infant deaths 
considers the calendar only as to births, the period covered 
by the deaths being one year from the date of each birth. 
In the following paragraphs all of these ratios are used in 
order that the student may learn to discriminate between 
them. 

Chronological reduction In infant mortality. -The infant 
mortality rates in nearly all civilized countries are falling. · 
In recent years the fall has been more rapid than it was a 
generation ago. In Sweden we have a very long record, a 
part of which is given in Table 108. Prior to 1800 the infant 
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TABLE 108 

INFANT AND CHILD MORTALITY IN SWEDEN 

17&1 to 1900 by 6-Year Periods 

Total doatb-
~up in yo~U'a. 

Period. ratE" Pel' 1000. 
o-1.1 1·-3.2 a-.;,'11. o-s.• 

(!) (2) (3) (4) (6) (6) 

1751-.55 26.52 2Q6,75 52.17 27.31 86.07 
1756-6(1 28.25 203.41 49.50 26.26 81.64 
176H!5 29.08 221.73 53.94 28.49 90.46 
1766--70 26.38 210.41 50.12 27.06 85.14 
1771~75 33.07 212.89 66.55 36.15 92.88 
1771Hl0 24.86 192.02 56.21 29.13 83.74 
1781-85 27.80 193.98 62.64 36.16 86.44 
1786-90 27.61 2Q6.70 48.78 2.1.04 81.67 
179l-95 25.21 192.59 44.63 20.76 77.09 
1796-{J() 25.65 199.53 48.02 2'J.47 79.55 
180HJ5 24.35 186.08 41.48 18.70 70.65 
1806-10 31.45 211.46 59,09 29.09 87.42 
181H5 27.11 191.76 56.46 20.57 81.54 
181&--20 24.63 175.51 45.93 17.96 71.00 
1821-25 22.07 158.85 36.24 14.33 61.63 
1826-00 25.10 175.76 37.72 17.07 64.53 
1831~35 23.05 167.31 '88.44 14.44 60.32 
183&--40 22.53 166.85 85.47 15.42 60.31 
1841--45 20.20 153.77 30.38 14.39 56.18 
184iHiO 20.95 152.56 33.39 16.48 57.34 
1851--55 21.65 148.89 35.82 18.79 58.83 
185&--60 21.73 143.47 39.12 28.87 61.96 
1861-65 19.76 136.17 40 95 21.78 58.48 
1866--70 20.54 141.93 38.78 19.59 56.14 
1871~75 18.28 133.57 29.78 14.64 51.47 
187&~0 18.26 126.28 36.26 19.80 53.01 
1881--85 17.53 116.08 31.82 17 09 47.18 
1886--90 16.37 105.00 25.88 13.41 40.06 
1891-M 16.61 102.76 23.97 12.65 38.21 
18964)() 16.12 100.50 21.78 9.72 35.65 

t Per 1000 births during the given period, i.t.," infant tnodalHy." 
1. Per 1000 of popu1ation at middle or period, i.e., spcclfic dea.th-ra.tea. 
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~ortality was upwards of 200, but by 1900 it was only about 
half as much. In Stockholm in 1912 it was only 82. 

In Massachusetts' the rate of infant mortality has varied 
as follows: 

y-. 
-.-

(1) 

-
1861 
1852 
1863 

:1864 
1855 
1856 
1857 
1858 
1859 
1800 
1861 
'1862 
1863 
1864 

TABLE 109 
RATE OF DEATHS DURING FIRST YEAR 

·Massaehusetts 
-

p., Yoo:r. p., Yea:r. p., 
Year. 

p.,.. v .... 1000. 1000. 1000. 1000. 

-- -- -- --- --- ----~~ --·-- ---
(2) (1) (2) (I) (2) (I) (2) (I) 

--
133 1865 147 1879 145 1893 164 1907 
126 1866 HIS 1880 163 1894 163 1908 
135 1867 . 186 1881 163 1895 156 1909 
131 1868 140 1882 163 1896 158 1910 
!35 1869 149 1882 159 1897 147 1911 
123 1870 162 1884 159 1898 151 1912 
118 1871 151 1885 157 1899 150 1913 
122 1872 194 1586 !55 1900 157 1914 
130 1873 178 1887 160 1901 138 1915 
134 1874 164 1888 162 1902 140 1916 
146 1875 175 1889 160 1903 138 1917 
131 1876 158 1890 167 1904 133 1918 
150 1877 152 1891 162 1905 140 1919 
154 1878 150 1892 162 1906 138 1920 

p., 
1000. --

(2) 

--
133 
134 
127 
133 
119 
117 
110 
106 
102 
100 
97 

113 
89 
91 

ThP.se figures when plotted on semi-log paper (Fig. 75) 
show three distinct periods, - a period of increase from 
1851 to 1872, coincident with industrial development and 
foreigu immigration; a period of gradual decrease from 1872 
to about 1005; and a period of more rapid decrease since 
1906, broken in 1918 by the influenza pandemic, If the 
rate of decrease since 1906 should continue the infant mor
tality will fall to 64 by the yearl930. The more rapid de
erease in recent years is coincident with improvements in 
the milk supply. 

The following figures show the decrease in infant mortality 
1 Maso. Registration Report, 1915, p. 153. 
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computed in the conventional way between 1908 and 1915 
for Ma.ssa.chusetta, Boston and the remainder of the state 
outside of Boston. 

TABLE 110 
INFANT MORTALITY: MASSAcm:JSETTS 

Year. ~husetta. Boston. Remaindet ol atate. 

!I (2) (3) -- --,r---
1908 134 149 129 
1909 12'7 121 129 
1910 133 127 134 
1911 119 12tl 118 
1912 117 117 116 
1913 110 110 110 
1914 106 105 107 
!915 102 104 101 
1920 91 100 89 

- - ..• . . -- - . 
. - -. -

- . ... ----

11100 
II 
klOO - -! .. -... --· •. - . -- -~ ~-

. -.. 
1 • 

. -
00 

-- -- - - --

I~~~!~~~ I 
Fio. 75.- Infont Mortality, plotted on Semi-logarithmic p8per. 

This ratio is one which depends upon the number of 
children born as well as upon their rate of death, and involves 
the varying composition of the population as to age, llUII)o 

riage, nationality, and so on. 
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1\: .,.,..sons for the decreasing infant mortality. - As most 
!\!" the current discussions of infant deaths are based on the 
~~endar ra.tio between reported deaths of infants and reported 
.iiirtbs, it is well to remember that a falling ratio may result 
lfrom an increase in the denominator as well as from a decre!lllfl 
'in the numerator of the fraction. We have already learned 
't.b&t the birth registration is increasing in accuracy, that a 
larger percentage of births are reported now than formerly. 
This fact alone will account for a part of the drop in infant 
1110rtality; in some places it may account for nearly all of it. 
In comparing the infant mortality rates in different places 
this difference in the relative accuracy of reports of births 

· &nd deaths must not be overlooked. To understand just 
what is being accomplished by present-day activities in 

· infant welfare it is necessary to dig deeper into the subject 
·. and to analyze the statistics of infant births and deaths. 

Infant mortality in dl1ferent places. - If we examine the 
st&tisties for different countries we shall discover great 

' differences in infant mortality. We have space here for only 
.· a few figures. 
'' ' It would be possible to print page after page of such figures 

1111 these taken from the records of our American cities. 
In . Boston the rate of infant deaths per 1000 of total 

population has decreased as follows: 
TABLE 111 

INFANT MORTALITY· BOSTON -------
Year. Rate pcrr 1000 ot 

popUlation, Ye<tr. &te per 1000 of 
PQttiUs.tion. 

(ll (2) (I) (2) 

1875 6.6 1 \)()(1 4.3 
1880 5.6 1905 3.7 
1885 5.5 1910 3.3 
1890 5.1 1920 2.6 
1895 5.1 

--
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TABLE 112 

INFANT MORTALITY IN A FEW FOREIGN CITIES 

---···-
Cities. 1881- 188&- 1891- ...... 1001- ·- 1911, UH2. 1885. ·- ..... 1000. 1905. 1910. 

----·----- ··- -···-
(II 121 121 (4) (51 (61 171 (81 (9) 

-
London ........... ... 150 153 156 162 139 114 129 91 

Edinburgh ............ 127 136 14.0 144 131 119 118 113 
Dublin (registration 

area) ............... 176 175 169 175 153 146 156 14.0 

Sydney ..... ,,, ....... 173 15.5 188 VlO 107 85 71 76 
Melbourne ... , ........ 171 173 136 129 113 94 78 90 

Montreal ..... , ....... ... 246 237 258 271 261 242 ... 
Toronto ............. , ... . " 200 231 205 166 114 ... 
Paris., ............... 162 152 135 119 110 106 118 103 

Amsterdam . .......... 203 199 168 146 122 90 91 64 
Rotterdam . . , , .... , .. 209 207 191 167 144 105 103 79 

Stockholm ............ 201! 182 170 169 136 103 77 82 
Chrietittnia . . , ........ 156 168 158 152 119 96 116 107 

St. Petcl'!lburg ........ 301 243 243 251 246 256 231 249 
Moscow., ............ 340 320 316 236 262 313 321 333 

Berlin ................ 279 264 242 218 202 164 173 142 
llornburg ............. 222 260 226 182 174 100 153 130 

Vienna. ............... 196 196 219 195 li8 172 166 149 
Prague ..... ,,,, ...... 218 200 194 170 163 156 186 )39 

Budapest ............. 244 237 199 174 149 151 161 141 
Trieste ............... 212 238 233 218 201 213 215 184 

Milan. , .............. 156 161 158 147 146 129 1 100. 

Buenos Aires. , ....... 185 209 151 120 93 100 105 96 
--~----· 
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If we take the different cities of the United States we shall 
find ranges of infant mortality almost as great Ill! in the cities 
of different countries. In 1915 the New York Milk Com
orittee made an extensive study of the infant mortality rates 
of 144 United States cities. The minimum, median and 
DUI.Jiimnni rates for the year 1915 were as follows: 

TABLE 113 
• 

INPANT MORTALITIES IN 1JNITED STATES CITIES 

Number of 
Infant mortality. 

Popu.ll\f.ion group. oltiea. ---· 
Minimum . M:odian. MNimum. 

.. -
(1) (2) (3) (4) (5} 

~-- -----
500,~ 10 82 104 120 
200,~500.000 20 53 84 133 
100,~200,000 16 47 100 182 
00,000-100,000 31 62 98 193 
ao.~ oo,ooo 31 31 86 185 
20,()(1()- 30,000 21 37 98 167 

These figures indicate that there was little difference in 
the median infant mortality between the large and the small 
.cities, but that in the larger cities there was a greater uni
formity in the figures. The very low rates as well liS the very 
high rates were found in relatively small cities. The in
accuracies of the birth registration may Mcount for many of 
these differences. 

We may go even further and take the different wards of a 
tingle city, and find these same differences .. In the twenty
five wards of Boston in 1910 the infant mortalities ranged 
from 75 to 210, the median being 117 and the average 122. 
In eleven districts of Johnstown in 1911 the "absolute infant 
mortality" varied from 50 to. 271, the figure for the entire 
,city being 134. And in the same way we could fiud differ
ences block by block. In any intensive study it is of fWlda-
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mental importance to find out the geographical location of 
infant deaths. 

Infant mortality and clhnate.- Dr. F. S. Crum, in an 
important contribution to the American Journal of Public 
Health, has pointed out an important relation between cli
mate and infant mortality. In those sections of the coun
try where there are great extremes of heat and cold and much 
·changeable wes.ther the infant mortality is higher than in 
sections where the climate is more equible throughout the 
year and the weather changes less severe. For example, 
the infant mortality is much less in the Western Cities than 
in the cities of New England. 

Deaths of infants at different ages. - A year is a long 
time in the life of an infant. One can learn no more from a 
study of the infant mortality, when all ages up to one year 
are considered together, than from a study of the general 
death-rate of a community where all deaths from zero to a 
hundred years of age are considered together. It is necessary 
to study the infant death-rate by months, weeks and even 
days. 

The need of such study is obvious. During early life 
IIUI.tlY of the deaths are from troubles incident to birth; later 
the question of feeding, and especially of the effect of artificial 
food becomes important. Some of the welfare activities are 
directed towards one end, some towards another. The 

. establishment of milk stations, for example, might affect the 
death of weaned babies, but have little influence on babies 
less than a month old. There are many things which will 
occur to the reader which will show the importance of this 
speeifte information. 

Let us first consider some of these subdivisions. In doing 
so, we may use several of the methods with which we have 
already become familiar. 

In Ha.mburg, in 1912, the percentage age distribution of 
infant deaths was as follows: 
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TABLE 114 
IIQIANT DEATHS AT DIPFERElfr AGES• BJ.MBUllG 

~ 
l>er cent of infant Age. m()ntbs. 

ht oent of tnflt.ntll ,..~ 
deaiM h' IPWP· d;e<I.:J looo tba• * '* iP ooJ'I,ltQ,Il a, 

(1) m {3) {<) 

O+ 38.5 1 38.5 
1+ 12.3 2 &1.8 
2+ 9.8 3 60.6 
3+ 8.4 4 69.0 
4+ 6.1 5 75.1 
ll+ 4.7 6 79.8 
6+ 4.3 7 34.1 
7+ 4.4 8 88.5 
8+ 3.0 9 91.5 
9+' 2.9 10 94.4 

10+ 2.6 11 97.0 
11+ 3.0 12 100.0 ----

An irregular grouping is more . common, because of the 
greater importance of the subdivisions at the very early ages. 
Thus for BOI!ton, in 1912, we find the following figures: 

TABLE 115 
AGB DISTRIBU'l'!ON OF DO'ANT DEATliS: BOSTON, 1911 

Per eent of infant I Per eent of infa!lta 
wbo died at IN~S than dee.the. i!tAt&d age. ............. Al,e • 

Male. Female. ...... Female. 

·-
(I) '" "' (4) ($) (6) 

6- days 15.4 11.2 1 day 15.4 1!.2 
1+ dayo 4.0 4.5 2 days 19.4 16.7 
2+ days 3.9 2.4 3days 23.3 18.1 
3+ days· 6.8 7.7 1 week 30.1 25.8 
1+-ks 8.7 49 2weeks 83.8 30.7 

' 2+-ks 5.4 4.4 s,...,ks 39.2 36.1 
3+ weeks 2.8 2.5 I month 42.0 37.6 
I+ months 10.9 9.0 2months 52.9 46.6 
2+ months 7.0 9.5 3 months 59.9 56.1 
3+ months 18.1 19.2 6 months 78.0 75.3 
6+ months 13.4 13.6 9months 91.4 88.9 
9 to 1 year 8.6 11.1 1 year 100.0 100.0 
Oto 1 year 100.0 100.0 
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It will be noticed that on the bMes of the summation 
results of the last oolumn the figures may be readily =
pared with those for Hamburg where the figures are given 
by regula.r monthly groups. 

The· important fact is that the death-rate of infants is 
much higher during the fust.weeks and days of life than it is 
after the first six months. The apparent increase from the 
eleventh to the twelfth month, often found, is very likely due 
to inaccuracies in stating the age at one year- the error of 
round numbers. Another method of studying this matter 
is to distribute tho infant deaths by days through the first 
year of life. In Boston there were 1818 deaths during the 
year 1919. distributed as follows: 

TABLE 116 
AGE DISTRIBUTION OF INFANT DEATHS 

AJe-gJ;'Oup Numb~ of deaths Number of dea.tha 
(I) i:u group. per day. 

1 day 293 293 
2-3 " 65 82.5 
3-7 " 121 30.25 
1-2 weeks 122 17.5 
2-3 " 69 9.8 
3-4 " 69 9.8 
1-2 months 156 5.2 
Z..3 " 131 4.2 
8-6 " 278 3.0 
fHI " 206 2.2 

9-12 " 201 2.2 

Specific death-rates of infants at different ages. - A 
better appreciation of the early infant mortality can be 
obtained by studying the specific death-rates of infants at 
different ages. In Glover's United States Life Tables we 
find the following figures which give the monthly specific 
d~iltth-mtes. 
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TABLE 117 

SPECIFIC DEATH-RATES Ol' JlliliAl'ITS BY MONTHS, 1910 
Or!g!nal Registration States as Constituted in 11100 

NUJnber dyingi.n ~in~valamo:\lOOOaliveat ~ 
ginn ng of • intel'vtll • 

.Age interve.l, months, 

Males. Femalea. 

(!) (2) (3) 

0-1 48.94 38.33 
1+ 13.17 10.44 
2+ 10.91 9.01 
3+ 9.29 7.82 
4+ 8.21 6.00 
5+ 7.41 6.36 
6+ 6.76 5.90 
7+ 6.25 5.47 
8+ 5.81 5.09 
9+ 5.40 4.74 

10+ 5.03 4.39 
11+ 4.70 4.04 - 0 1 yr. 124.95 103.77 

Expectation of life at different ages. - The expectation 
of life is given for infants as follows: 
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TABLE 118 

BXPIICTATION OJf LID' 

Origlaal Reaistrallou Sta.tu u Coutltuted In 1100 

Aplntern'al, monthll. 

A verap loqt)l of lifo l'MJl-.ininc to taeh ou alive at be-
IJ,nnb.lg olap inte.rv~. Yea,.. 

""""· Fomaloo. 

(I) Cl) (3) 

0-1 411.86 53.24 
1+ !i2.30 55.28 
2+ 52.96 55.78 
3+ 53.46 56.21) 
4+ 53.88 56.56 
5+ 54.24 56.87 
6+ 54.56 57.15 
7+ 54.85 67.41 
8+ 56.11 67.64 
9+ 56.30 57.30 

10+ 56.57 58.05 
11+ 56.76 53.22 

1 Bued upon &11ths in 1909. 1910 and 1911. 

The expectatiot;t of life of a male child at birth is about 
the same a.s that of a 11-year old boy. The expectation of 
life increases from birth to about the third year when it 
reaches its maximum. 

Infant mortallty by age periods. - Another way of 
showing the infant mortality by age periods is to find the 
ratios between the numbers of deaths in each period and the 
total number of births. Theoo results may also be expressed 
cumulatively. Thus for Boston, in 1910, we have: 
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TABLE 119 

• • !l'IFANT MORTALITY BOSTON 1910 

Apporiod. -~1000 · he. Apperlod. o..<ho'l:':IOOO blrt • 

(1) (2) (1) (2) 

0-2days ............ 20 0...2days .......... 110 
2 days-1 week ...... 12 0...1 week .......... 32 
1 week-1 month ..... 16 o-1 month ........ 48 
1-3months .......•. 21 IHimonths ...•.•. 69 
lHl months .•.....•. 21 o-6months ...•.•. 00 
!HI months ......... 17 0...9months ...... IIJT 

J!::!l!_ months ........ 15 0...1 year .......... 122 

Seasonal distribution of infant deaths by ages. - In Bos
ton in 1919 the deaths of infants during their first two daYJI 
of life were quite uniform throughout the year. From two 
days to thirty days of age there were many more deaths 
during cold weather than warm weather. From one month 
to six months the distn'bution was again fairly constant 
through the year, but after six months there were tW<> ma.x
ima one in the winter and one in the summer. 

Causes of infant deaths. - In Boston, in 1910, the 
principal caUIIcs of infant deaths were liS follows: 
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':tABLE 120 
CAUSES OF _JNFANT DEATHS, BOSTON, MASS. 

Number of den.tN. 

Mole. Female, 

(l) (2) (3) 

I. General dise,...,., total. . , , , , ... ..... 113 100 
Measles ...................... ___ ..... 16 12 
~theria and croup .................. 18 8 

ooping cough .............. , ...... 8 16 
Er~pelas .................... , ... , .. 10 8 
Tu reular meningitis ................ 15 14 
Syphilis ............................. 11 12 n. Disea.s~s (;(the nervous system, total ... 4.7 47 
Meru~tts ........................... 21 20 
Conv ions .......................... 18 16 m. Disea,sea of the circmlatory sy8tem1 total. 4 ' IV. DiseMes of the respiratory system ..... , 209 161 
Acute bronchitis ..... , , .............. 37 30 
Broncho;,meumonia .................. 88 71 
Pneumon1a. .......................... 79 56 v. Diseases of the digestive system, tott\ls. Sll5 270 
Diseases of stomach, except cancer .... 2.1 12 
Di{trrhea !:\Dd enteritis ....... , , , , .. 320 245 

VI. Diseuea of genito--urinary system. , ... " 2 6 
VIII. Diseases of skin and ceB\llar tissue., .. " 8 !I 

IX. Diseases of bones, etc ..... .............. 2 & 
x. Malformations ............ " " ' " .... '. 69 61 

XL E•rly in!•n:;r ............ ' " ... 392 319 
COngenit debility. , , , . .. '' " 202 238 

XIII. &tarnal causes .. ' " ... .. .. ..... ..... " 9 '1 
XIV. Ill-defined dise"'"'s. .. ... .......... '' .. sa 82 

Tota.l from all causes .... ,.,. " ' ii!~ ·-11i0i-
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'1908 1900 1910 1911 1912 ~ 

Flo. 76. -Infant Mortality by Months, Classified According 
to Cause: Boston, Maas. 



414 STUDIES OF DEATHS BY AGE PERIODS 
'__/ 

Among both .male and female infants 37 per cent of the 
deaths were from malformations and diseases of early 
infancy; about 27 per cent were from digestive diseases; 
about 17 per cent were from respiratory disr-s.ses. Together 
the deaths from these causes amounted to four-fifths of all 
the infant deaths. These percentages are not constant. 
There is an important seaoonal variation; there are also 
differences according to age and nationality. 

In 1912, Dr. Wm. H. Davis made an excellent analysis of 
the infant deaths in Boston for a five-year period. Fig. 
76, drawn from figures in his report, shows how the 
deaths from digestive diseases have fallen during the stUU
mer season, but remained almost unchanged during the 
winter; how the deaths from respiratory diseases are 
higher in the winter than in the summer; and how the 
deaths from diseases of early infancy, the general diseases 
and nervous diseases do not have a marked seasonal dis
tribution. The diagram also shows how the diseases from 
ill-defined causes have decreased, due, it is said, to batter 
diagnosis. 

In Boston the diseases were classified by cause and age 
as follows: 
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TABLE 121 

CAUSES OF JNliANT DEATHS: BOSTON, 1910 

Number of deatlu!. 

ea ... 
~· :tg !! 'l'.a :tj ~~ ~t 0 .~.g Mi .. ~ 

~ 
1- - - - -

(I) (2) (3) ,,, (6) (6) (7) (8) (9) - - - - - - f--
I. General dise-....... 0 2 21 37 43 58 52 213 

II .. Nervous system ....... I 8 6 17 17 24 21 94 
III. Circulatory system .... 0 1 2 4 1 0 0 8 
IV. Respiratory system ... 1 9 54 68 80 89 69 370 
V. Digestive system ..... 0 10 41 153 201 112 108 625 

VI. Genito-urinary system 0 0 0 1 2 2 8 8 
VIII. Skin and tissue •...... 0 0 3 0 3 2 2 10 

IX. Bonos ............... 0 0 0 0 2 8 2 7 
X. Malformations ........ 41 32 I~ 11 7 3 2 120 

XL Early infancy ......... 305 147 00 12 8 5711 
XIII. F.xternal o&USilS ...•... 5 0 2 3 4 1 1 16 
XIV. Ill-defined causes .•... 0 4 3 7 33 15 5 ~ All ea.uscs ............ 353 2i3 292 400 405 317 270 

AB would be expected from the definition the largest num
bers of deaths from caUSC8 incident to early infancy ooour 
among early infants. This is true also of malformatioll!l. 
The intestinal diseases reach their maximum effect between 
the third and fifth month, the respiratory diseases and the 
general diseases, which are chiefly communicable, a little 
later- sa.y between the sixth and eighth months. 
· In Johnatown important differences were noted between 
the causes of death among infants of native and foreign 
mothe!'ll. Thus, during tbe first year of life the following 
absolute infant mortalities, with subdivisions by cause were 
found. 
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TABLE 122 

CAUSES OF INFANT DEATHS: JOHNSTOWN 

Nativu Foreign 
:llLOt~rs, motbera. 

(I) (2) (3) 

All causes ....... , .. ,., .... , ..... . " ... 104 171 
Diarrbma and enteritis .. ..... , .... , . , .. 21 54 
Respiratory diseases . ................... 23 4S 
Premature births . ..................... 14 20 
Congenital debility or malformations ... 6 21 
Injuries at birth . ...................... 7 2 
Other cause, or not reported . ..... ... ". 33 26 

In Boston the following figures were given for 1910 for 
deaths of infants born to native a.ud foreign mothers: 

TABI,E 123 

CAUSES OF INFANT DEATHS: BOSTON 

RaOOs pN' 1000 births 

~j ~· 

~j o; n :aj 
~1 ~~ !1 ~ ----

(I) (2) (:!) (4) (S) (6) --------
Congenital debility and malfor-

ma.t.ions ...................... 50 31 49 24 20 
Diarrhooa and enteritis . ........ 34 37 43 22 19 
Pneumonia and broncho--pneu ... 

monia., ..................... 15 18 12 29 16 
Diseases of early- infancy, . , ..... 10 13 16 4 7 
Tuberculosis ..... ............... 2 4 I 2 2 
Measl~s, scar-let fever, whooping 

eo ugh and diphtheria ......... 3 3 3 8 4 
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The Johnstown studies.- In 1915 the Children's Bureau 
of the U. S. Department of Labor,1 publishedml.important 
intensive study of the Infant Mortality of Johnstown. an 
industrial city of Pennsylvania. Miss Julia C. Lathrop is 
the Chief of this bureau. The field work was in charge of 
Miss Emma Duke. This was essentially a sociologica.l 
study. Only a few of the simple correlations can here be 
presented. The report is one which the student may profi~ 
ably read in full. 

TABLE 124 

JlrFANT MORTALITY AND TYPE OF HOME 

Housing oonrlitioo. Infant 
tnortality. 

(I) (2) 

Clean, dry ........ ,,, ........ 105 
11 damp ................ 127 

Moderately clean, dry ........ 171 
" t• damp ...... 158 

Dirty, dry .......... , ........ 162 
(( damp ......•...•.•.... 204 

Water supply in house, ...... 118 
Water supply outoide ......... lOS 

Water eloset ................. 108 
Yard privy ...... ,, .......... 1511 

• Infant Mnrtality Series No. 3. 
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TABLE 125 

IJ!IliANT MORTALITY AllD SLBEPING ROOMS 

Inlant 
mortality. 

(1) (2) 

N unlber of others slee~ng in 
same room with ba y: 

2orless.,, ................. 67 
3 to 5 ....................... 98 
OYer 5 ..... , , .•....•....... , 123 

Baby elecping in oopar&te bed: 
Yeo., ...................... 56 
No ......................... 109 

TABLE 126 

INFANT MORTALITY AND VENTILATION 

(1) 

Good ....................... . 
Fair ... , ..... ,,, ............ . 
Poor ....................... . 

TABLE 127 

(2) 

28 
92 

169 

INFANT MORTALITY AND ATTENDANT AT BmTS: 

lulant 
mortality, 

(!) (2) 

Physioil\n.,,, ... , ............ 100 
Midwife ..................... 180 
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TABLE 128 

INFANT MORTALITY AND EDUCATION OF 
FOREIGN MOTHERS 

Infant 
mortality. 

(l) (ll) 

Literate .................... , 148 
Illiterate .. ,,,, ..... ,, .. , ... , 214 
\t'ak English ........ , ...... 146 

not speak English, , , .... , 187 

TABLE 129 

INFANT MORTALITY AND AGE OF MOTHER 

Age of mothers. 

(l) 

Under20 ................... . 
2()...24 •••••••••••••••••••••••• 
25-29 ........ ' ........ ' .... .. 
30-39 ....... ' ......... '' .... . 
40 and over.,., ..... ,,, .. , .. . 

Infant 
mortality. 

(ll) 

137 
121 
143 
136 
149 

419 

The study of feeding was made by months. The following 
figures show the rate of mortality per 1000 babies alive at 
the specified time. 
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TABLE 180 

INFANT MORTALITY AND FEEDING 

Spooifio intant mortality (abilolute) 
Ap at which the stated typo of 

fooding. was. fQund. Broost feeding Artifidal feed· 
o-nly. Mixed leedl.n,r(. iugooly, 

(I) (2) ~l (4) 
------~-

Second month . ..... ....... 72 78 237 
Third " ············· 54 92 217 
Fourth " ............. 47 57 166 

i Filth " ............. as 40 127 
Sixth " 26 32 92 ............. 
Seventh " ". ... " ..... 29 22 72 
Eighth " 26 2() 53 ... .......... 
Ninth " ... ........ 18 16 26 
Tenth " ... . . . . . . . . . ' 14 11 11 

In the early ages the difference between deaths of breast
fed infants and those artificially fed is very great, but the 
ditl'erence becomes less as the baby grows older. 

TABLE 131 

INFANT MORTALITY AND HOUSEHOLD DUTIIIS 

l{otJ$$hold duty. 

------~-----
(1) ~) 

C'..essation of duties before confinement: 
None or loss than one month ..... , .... , .... ,... 137 
One or more mouths. . . . . . . . . . . . . . . . . . . . . . . . . . . 113 

Time of resuming all household duties after con~ 
finement: 

8 days or less..... .. .. .. . .. . .. . . . .. .. . . . . . . . . . . 169 
9 to 13 days..... .. .. .. . .. . .. .. .. . .. .. . .. .. .. . . . 165 
14 d•ys or more.. . .. . . . .. . .. .. .. .. .. • . . .. .. . .. . 117 
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TABLE 132 

INFANT MORTALITY Al'ID EARNINGS 011' :FATHER 
. 

Infant m.ortality. 

Native wives. F~1tives. 

(I) (2) (3) 

Under $521. ...... . . .............. . 
1521 to $624.. ........ .. 
$625toS'/79 ........... . 

. J7llO to $899 ........... . 
1000 to $1199 ............... . 

146 
70 

131 
76 

261 
162 
130 
167 
152 

. llp) or more ..... ........ . 
Ample .................. . ... i08"'" .. .... 78"'" 

The report also contains statistics relating to reproductive 
histnries of the mothers studied during the investigation. 

·Data of this sort, while of interest and of value, must he used 
with great caution for the reasons set forth in Chap. VII. 

Other studies of the Cbildren's Bureau. - Besides the 
Johnstown studies, here emphasized because they were first 
made, the Children's Bureau has made at this writing (1918), 
intensive studies in Manchester, N. H., Saginaw, Mich., 
Waterbury, Conn., Brocktnn and New Bedford, Mass., Ak
ron, Ohio, and Baltimore. A brief account of these most 
important intensive investigations, based on a first-hand 
collection of the facts may he found in the Quarterly Publica
tion of the American Statistical Association.' 

Two tables from this report are of interest: 

1 Robert M. Woodbury, Infant Mortality Studies of the Children's 
BU1'1lii.U, June 1918, pp. 30-53. 
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TABLE 183 

INFANT MORTALITY AND FATHER'S EARNINGS, 
BALTI1140RE 

Earoinaa of father per True infant Earnilllfl of f•ther per True illlant ...... .lllOI'tAlity rat.e. ...... D'lOl'tality rate, 

(1) (2) (!) (2) 

No ear8!5r '1111. 7 $105CH249 66.6 
Under 166.7 1250-1449 74.0 
I4ISO-t549 118.0 141i0-1849 86.3 
550- 649 108.8 1850 and more 37.2 
650- 849 90.06 Not reported 1411.2 
850-1049 71.5 All classes 103.6 

TABLE 134 

INFANT MORTALITY AND ORDER OF BIRTH-MOTHERS 
OF ALL AGES 

Number of birth T'rbe infant mortality. Number of birth True iofimt mortality. 
lp~. in. Ofdeto. 

' 
(1) (2) (I) (2) 

1 115.8 7 128.2 
ll 102.7 8 162.6 
3 111.6 9 142.1 
4 127.0 10 181.1 
li 129.3 11 146.8 
6 132.2 

Although iu geuernl the average infant mortality is leas for 
the second child than for the first or subsequent children, 
this is a matter which varies somewhat with the age of the 
mother. For mothers under twenty the mortality is lowest 
for first children; for mothers aged 30-34 years it is lowest 
for the third children; and for mothers aged 35-39 it is 
lowest for fourth children. Perhaps, if nationality were 
considered, other differences would be noticed. 
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- Infant mortality problems. - There. are IWI.IlY practical 
'problems relating to infant mortality which mUBt be studied 
with the a.id of statistics. The object of the tables here 

·given is to show the complexity of the problem and the 
futility of depending alone upon the current approximate 

. method of stating infant mortality. Extensive compilations 
of data for various places and for different years make easy 

: J(lllding and give one a superficial knowledge of the subject, 
but they do not help us very much in solving real problems. 
-.It is the intensive studies which count. What kind of wel
;fare work deserves the largest appropriations? The answer 
depends upon where the babies are dying, at what age they 

:are dying, under what social conditions, under what remedi· 
. able conditions, and so on. Are the milk stations of our large 
!,cities a paying life-saving agency? The answer cannot be 
;told by comparing the conventional infant mortality rates; 
!perhaps the reduction of infant mortality may be among the 
'earliest weeks of life, an age at which artificial feeding is less 
; 'c!ommon. What relation is there betweeo density of popu
:lation and infant mortality? The answer cannot be found 
':Without splitting up the infant mortality into its constituent 
'parts. 

The lesson is one which the author wishes to teach in every 
chapter of this book, namely, that the vital statistician must 
train himself to analyze his statistics; to be specific; to think 
ftrst what kind of facts he needs in order to answer a specific 
.question and then go after them, remembering that a small 
number of well-directed statistics are worth more than vast 
numbers of general statistics, piled together without regard 
to internal differences which may make them worthless. 

Maternal mortality.- Closely associated with infant 
mortality We have the problem of maternal mortality. 
Since the long-ago studies of Dr. Oliver Wendell Holmes, 
but especially since the rise of bacteriology, there has been 
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a very great decrease in death-rates from child-bed fever, 
but even within very recent years we can see an added 
improvement, which can be attributed to the general at
tention being given to pre-natal care, to laws in regard to 
mid-wives and similar causes. The following condensed 
figures for New York city' illustrate this decrease, 

TABLE 136 

MATERNAL MORTALITY-RATE, CITY OF NEW YORit 
----- ..• ··--

Rate per lOOtOO femalell ("'e 
Quinqu.en.nlal 5-45). 

period. 
P1,1er~l Other puerperal 

&epSlij, .. ,.,.,. 
(I) (2) (3) 

1898-1902 2&.9 40.5 
19011-1907 26.1 4!.3 
1908--1912 18.3 35.7 
1913-1917 15.3 29.8 

These figur~,s might more properly have been based on 
married women within the given ages, or upon births and 
still-births taken together instead of on all females of child
bearing age, but the chronological differences are so great 
as t.o leave no room for doubt as to the main facts. 

Childhood mortality. - The period of life between the 
ages of one and five years represents a peculiar environment 
which may be described by the words home and play. In 
this period the physiological influence of the mother on the 
child , becomes less, but her intelligence, her social and · 
economic condition, the general environment of the house 
and the neighborhood become greater. During these four 
years the specific death-rate of children decreases greatly and 
the diseases to which they are subject change in charMter. 

' Weekly Bulletin, Dept. of Health, March, 1918. 
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TABLE 136 

SPECIFIC DEATH-RATES OF CHJLDIUIN' 

1)', s. Registration Area, 191o-1916 

Ratepor 1000 
Aae. 

lolo.lo. Fetnale. 

(!) (i) (3) 

0-1 year 125.8 101.1 
1+ 21.3 25.0 
2+ n.o 10.1 
3+ 6.9 6.3 
4+ 1.1 4.7 
!Hi yeara 36.0 30.0 
5-9 3.3 3.0 

1Q-14 2.3 2.1 

1 From Dr. Dublin's paper. 

The diseases which occur during childhood are especially 
amenable to preventive measures, a fact which makes their 
study one of especial importance from the standpoint of life 
saving. 

Diseases of early childhood. - Dr. Louis I. Dublin, 
Statistician of the Metropolitan Life Insurance Company 
has discussed these diseases in an article on the Mortality of 
Childhood, 1 from which the figures for proportionate mortal· 
ity given in Table 137 are taken. 

This table gives only those diseases for which the propor
tionate mortality was more than 3 per cent of all deaths. 
One rather unexpected cause of dP.ath looms large in this 
table - namely, burns. In the second year of life the 
proportionate mortality was 1.7 per cent, the next year 4.3 
per cent, the next 5.9 per cent, the next 5.7 per cent. Dr. 

' Qua.rterly Publicotions, Am. Statistical A""'c., Ma.rcb, 1918, p. 921. 
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TABLE 137 
PROPORTIONATE MORTALITY, AGES 1 TO II 

U. S. Registration Area 191fl-15 

Ageo-1. I p.,. Aa:e 1-2. 

~ 
Age2-3. 

~ 
Age3-4 p., I ....,._. 

-~ cent. 

--
~ 

--
. 

(1) I (2l (3) ) {5) ) (7) IBl I (9) 

~ 
~ 

p,. "' ... ~ 0 
"l 

(10) 

~ I--
18.8 =: 
7.6 "' 6.8 

::l ••• 
6.7 > 
6.0 ~ 
• •• t1l 3.5 

I 

C-ongenital debility .. "'·' Diarrhwa and enter- Dianh<Ea•nd....,..·l D;pht ............... 17.0 Diphtberi&. .. 
DianhC!a and enter- itis ... ' ,._.. Z7.3 ~tis .... :··········· 13.2 Bronc~- 7.8 Scarlet l$ver.- ' .. 

0 ................ .... Broncho-pneumonia. 14.4 DlPhtheria, ....... _. i 12.2 Pneumcnua. ..•.•..... ••• I'tlenmonia ...•.. 
:Broneho-pneuDlOtlia. 8.1 Puemoonia. ..... 9.5 Broneho.pnetlDWllia.. U.l Diarrhooaandeuter- Brone~~-
DiMase& of early iJ:t.. Diphthoria ......... 5.8 Pneumonia.......... 8.9 itis....... .. .... 7.3 Burll8 ••.•••••...•.•. 

laney •••••••.••.•. 6.1 Measles ..........•.. • •• Measles ........... 5.5 &arlet fever ...•..•. 7.0 D1arrhma and enter-
li!al!ormationa ....... ••• Wboopinooougb ..•.. 

{.f !=-~ .... ~~::::: <.7 Buroo., ..... , .. , .••. • •• itis .. 
TubercWous menin- ... Measlee ..•. ... Tuberculous menin-""'···· ........... O.t 1Wboopinooouch ....• ... Tubereulom meain- , gitis ." .......... 

~Tuberculous menin- gitis •.........••.•. ... Measles ..•...•.... 
iltlll ..........•... 3.9 Whooping cough ••.•• • •• 
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Vublin in the paper referred to gives the specific death-rates 

1111 well as the proportionate mortalities. The figures for 
burns are for the second year 44.1 per 100,000, for the third, 
4,4.8, for the fourth, 39.4, for the fifth, 28.1. The increasing 
importance of such· communicable diseases as diphtheria, 
whooping cough, mea.sles a.nd the like during this period 
shows the increasing influence of environment a.nd associa
tion of children with each other. 

Proportionate mortalities during school age. - During 
the ages from 5 to 15 when children are at school we have 
what is perhaps the maximum opportunity for contact 
infection. During these ages, therefore, we may expect to 
see communicable diseases coming to the front in our pro
portionate mortalities. But we also find weaknesses in the 
human mechanism making themselves felt. Tuberculosis 
and typhoid fever also begin to loom up as great menaces. 

TABLE 138 

PROPORTIONATE MORTALITY 

U. S. Registration Area, 1911)..15 

Aa-H. 
p.., 

~liJ.-14. cent. 

(I) (2) (3) 

---· 
Diphtheria and croup ...... 15.8 Tuberculosis of hm1:: . ... 
Scarlet fever., .... ......... 7.1 Or~nic diseases of ea.rt. 
Pneumonia., ........... ,. 5.9 Typhoid fever ........... =• diseases of heart ... 4.4 Af.>pendicitio ............. 
V ular accidents . ....... 4.4 Diphtheria .............. 
Typhoid fever . ............ 3.7 Pneumonia., ..... , .. , ... 
Broncho-pneumonia ....... . 3.5 Drowning ............... 
Tuberculosis of lungs .. .... 3.5 Vehicular accidents ...... 
~ndicitis . .............. 3.4 Scarlet fever . ............ 
T erculous meningitis .... 3.4 Acute-articular rheuma-
'Burns .................... 2.7 tism ................... 
Drowning ................. 2.6 
Mea.les ................... 2.5 

Pet 
cent, 

(4) 

10.2 
8.6 
6.4 
6.3 
5.6 
5.3 
4.4 
4.4 
3.0 

3.0 
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Proportionate mortalities at higher ages. - The following 
statistic~ show the proportionate mortalities for age-groups 
3()-34, 5(}-54 and 7()-7 4 years. 

TABLE 139 

PROPORTIONATE MORTALITY 

U.S. Reglstratioll Axea, 1914, Males 

A;t :ID-34 Yt:'l.rs. ~~ 1 A.fl,:e 50-54 yean!. l1 
------1--" 

-"~ Are 7D-74 years. ;; B 

(!) (2) (3) (4) 
------1-

(5) (0) 

Tubet<luloebJ., .... ,. " 32.0 Tt!OOt<luloWt ... q, ..... 13.4 Orpnie dii!IOafle'6 of 
Accidents .............. 16.1 Or~odi~ofh01\tt.11.7 hoo.rt .............. IU.8 
Pueumoni-. .... ,... 6.9 Bright.'sdlseaee ........ ll.O Bright'sdlsease ...... 13.4 
Orp.tdQ d~ol heart 5.4 Carum .. ".'." .•• " ..• "". 8.1 Apopk!sy, " •. ".,..". 12.8 
Alll:ina pootoria.. .. .. . .. 5.2 Acoid&nttl., .......... , 8.0 Cancer ................ &.4 
Suicide ................. 4.2 Pmmmonia, ........... 7.1 PnO\ln\onia ... , 4.9 
Bright'adi~aS(L., •.... 4..1 Apoplezy ............... 6.S Diaeaaeflohrteries ... 4.5 
Typboidfover .......... 2.8 Suicide ................. 3.2 Aooident~. 3.2 
&miclOO .............. 2.8 Cirrho.!lisolllvv ....... 2.9 TuberouL>tis.,. ....... 2.8 
Appendicitis ............ 1.9 Diabetes ............... 1.7 Oldage ............... 2.0 
Ca.ucer ................. 1.6 ~l:Yiis .. , .,,, .. ,,.,, 1.0 Bronob()-pnf'Oumonia ... 1.9 

Aoute endooo.rditis, • .. . 1.4 D~ ol J)l'Qita.to.... 1. 7 
Pleurisy ....... , , .. , , . . 1.4 Paralysis .. , , . . . . 1. ~ 
Alcoholi.ml.. ........... LJ Cirrhosis olliver..... 1.5 

l)i&betM........ .. . . . . 1.5 
Angina pectoris....... 1.4: 
ln.fluenM ............. 0.~ 

Tuberculosis stands at the head of the list until age 70. 
Organic diseases of the heart increase with age. Accidents 
diminish. Bright's disease incres.ses. Suicide deeroosea. · 
Cancer increases, and so on. 

Of course in a complete study all of these diseases at 
different ages should be studied by the use of specific rates 
as well as proportionate mortality. Studies by sex, by 
season, by nationality, and so on, should also be made. 

Average age of persons living.- The average age of a 
collUllunity is, of course, the weighted average of the differ-

' ·~ 
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ent age-groups. It is the sum of the ages of all the people 
·divided by the total population. 

In 1880 the average age of the aggregate population of 
the U. S. registration area was 24.6 years, in 1890 it was 
25.6, in 1900, 26.3 years. There has apparently been an 
increase although the figures do not stand for exactly 
the sa.me areas. But this result might he due to a les-

. eening of the birth-rate, to an increase in infant mortal
ity, to an influx of immigrants of middle age or to a 
reduced death-rate among the aged. That the native 

. birth-rate has been declining is true, that immigrants 
of middle age have been entering the country is also 
true. These would tend to increase the average age. But 
the infant mortality has been decreasing, not increasing, 
and the mortality in the higher age-groups bas rather in
creased than diminished. These factors would tend to 
decrease the average age. Evidently the problem is so 
complicated that the average age of the living cannot be 
fairly taken as an index of hygienic conditions. 

Median age of persons Uving. - Instead of finding the 
average age of the living the median might be used, but 
the objections to the average age of the living would apply 
also to the median, although the magnitude of their in
fluence would he somewhat different. The median age of 
the population of the United States has greatly increased 
during the last century as the following figures show: 
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TABLE 140 
MEDIAN AGE OF WHITE POPtlLATION: UNl'l'ED STATES 

Year, -.. 
age. 

1800 16.0 
lfllO 16.0 
1820 16.5 
1830 17.2 
1840 17.9 
1850 19.1 
1860 19.7 
1870 20.4 
1680 21.3 
1890 21.9 
1900 23.4 
1910 . 24.4 

Average age at death. - Nor does the average age at 
death afford a fair index of the healthfulness and physical 
welfare of a community. The reasons are similar to those 
just mentioned. A high average age at death may mean 
simply that the birth-rate is low. 

There has been, in recent years, a general rise in the 
average age at death, In Rhode Island, for example, the 
increase has been as follows: 

TABLE 141 
AVERAGE AGE AT DEATII: RHODE ISLAND 

Period. A Vera«(! age 
at death. Period. A 'VOlagO ace at. 

dtiltb. 

(I) (2) (3) (4) 

1861-65 29.32 1891-95 83.96 
1866-70 82.42 1896-00 34.53 
1871-75 30.16 190HJ5 86.11 
1876-!ll 31.21 1906-10 37.16 
1881-85 33.99 1911-15 39.91 
1886-00 83.42 1919- 41.22 



EXERCISES AND QUESTIONS 431 

In 1000 the a ver~e age at death in the registration 
:states of the U. S. was 36.8 years. For the cities it was 
IJ2.4; for the rural districts 44.7 years. In MaS!!., in 1910, 
the average age at death was 39.51. In 1913 the av~ 
age at death for the U. S. Registration Area was 39.2 years 
for males, 40.6 years for females, and 39.8 years for the 
entire population. 

A paragraph in a New York paper recently stated that 
in .153 years, the average age of life will be one hundred 
years. This was based on the rising average age of death. 
The computation was, of course, absurd. 
· · In a general way, however, the prolongation of life may be 
regarded as an index of human progreSI!, as ProfeSI!Or W. F. 
'Willcox has pointed out. 

EXERCISJ!S AliD QUESTIONS 

1. Compare the infant mortalities for certain assigned large cities 
ana rural districts. 

t. ComJI"re the infant mortalities for California cities with thoee of 
eastern cities. 

8. Compute tlte """""""'! variations of infant mortality for Cali
fonrla cities. 

'· What is the average infant mortality in New South Wales? Why 
Is it so low? 

I. Do the statistics of infant mortality justify the continuance of 
the milk stations in New York City? 

6, ln what direction will efforts to reduce infant mortality yield the 
most profitable results? 

·' T. Is poverty1 ignorance, race or climate the greatest factor in causing 
blgh infant mortalities? 

8. Make a statiotical study of some cause of death, to be OBSigned by 
the instructor, acoording t,Q age periods. 



CHAPTER XIII 

PROBABILITY 

In the second chapter it was shown that the average, or 
mean, of a number of figures gave a very inadequate idea of 
the figures themselves; that two aets of figures may have the 
same average yet differ among themselves in a striking 
manner. It is often important to find out what these differ
ences, or variations, are. We have seen that one way to do 
tltis is to arrange the items in array, that is, in order of 
nwgnitude and find the median, the mode, the quartiles and 
aeon, but even this is not enough; it is necessary, if possible, 
to find .some mathematical relation between the variations. 

Natural frequency. -It is a curious and important fact 
that if we measure naturl\1 objects, such as the lengths of the 
leaves on a tree, or the heights of a regiment of men, or the 
lengths and breadths of nuts, to use illustrations studied by 
the Eldertons in their Primer of Statistics, we shall find that 
most of the observations will be very close to the mean of all, 
that a few will differ from it considerably and that a very 
small number will differ from it very greatly. In a thousand 
observations a certain number are almost sure to differ from 
the mean by a definite amount, and a certain other number 
are 1\lmost sure to differ from the mean by twice that amount. 
In fact these relations are so regular as to amount to what 
may be called a law of nature, a sort of natural frequency. 
In these variations we shall find aeme observations larger 
than the mean and some smaller. Natural frequency can 
best be understood by an example. 

41:12 
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Twenty studenta iu a college class were placed in array 
in accordance with their height, with the -result shown iu 
Fig. 77. The marks of the same students at a certain 

IOO• .. r -----------------------------, 
1------cEc:x>-_ m-1:-na-tlc-on-~'·~·····----

80 1--------" 

. ·····i··t-t-
•• ~-+~+-~-+~~-+~+-1-+~+-~-t,_~_, 

t-- -t-t-1- ++-H-1-r-t-t+++++-H-H 

examination showed the same characteristic distribution, 
that is uniformity in the middle range and a tapering oil' 
at the extremes. 

When the observations are too many to be placed in 
array it is necessary to group them. In a certain army the · 
resttlta of meMurement of the heighta of 18,780 soldiers were 
as follows: 
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Height ill inohea. 

---
(I) 

60+ 
61 + 
62+ 
63+ 
64+ 
65+ 
66+ 
67+ 
68+ 
60+ 
70 + 
71+ 
72 + 
73 + 

Total ......... 

PROBABILITY 

TABLE 142 
HEIGHTS OF SOLDmRS 

~umber of sol- P• cent of sot- N UID.ber ol~ool-
diers in height- diem in hcia;ht- diers leAH tluLn 

height stated group. "''"'"· in oolw:nn (l) 

(2) (3) !<) 

197 1.05 
317 1.69 197 
692 3.69 614 

1,289 6.86 1206 
1,961 10.44 2495 
2,613 13.91 4456 
2,974 15.84 7069 
3,017 16.07 10043 
2,287 12.18 13060 
1,599 8.62 15347 

878 4.67 100.16 
620 2.77 17824 
262 1.39 18344 
174 0.92 18666 

18,780 100.00 18,780 

Per (!eDt of 1101-
di~ lese than 
height atat.ed 
in mlumn (1) 

(5) 

1.06 
2.74' 
6.43 

13.29 
23.73 
37.64 
53.43 
69.55 
81.73 
90.25 
94.92 
97.69 
9908 

100.00 

It will be seen that the mode, the most commonly observed 
height, ·was in height-group 67 +, i.e., between 5 feet 7 
inches and 5 feet 8 inches. The mean was 67.24 inches. 
If we should attempt to stand these 18,780 in array 
we should have an impossible task. We may do it statisti
cally, however. 

Fig. 78 shows the number of soldiers Jess than successive 
heights, plotted a.s a summation curve from Column ( 4 ), 
in Table 142, and Fig. 79 shows the same in percents, 
plotted from Column (5). The characteristic ogee curve 
will be observed in all these cases. 
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Per Cent x:- Tbrul Stated lleltol 
~.Ol 0.1 I) 10 10 &0 50 00 TO 110 00 $lS 00 1».9 Gt.99 

"" +h.i--t...-:::;_+-1-H- +- ,; r-r- +-·-H'··- ····1-
~tr~-++--1-+++-H~~~~-+--~--~~ 

tHI.il9 99.9 99 \10 90 80 'TO 60 !iO 40 SO iO 10 5 1 0.1 0.01 
Pet Cen.t Hare Tllau Steted 8dsht 

FIG. 80.- Heights of Soldiers, plotted on Proba.bility Paper. 
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The median height can be easily determined from this 
curve. It is the height corresponding to 50 per cent, i.e., 
to the middle man: By taking a weighted average as de
scribed in the second chapter the mean may be obtained 
from the data in the table. 

Let us now look at the variations in height of these eol
diers in a different way and plot the data by height groups, 
as in Fig. 81. This will give us a characteristic curve high
est· in the middle and sloping downwards gently towards 
either end. This is called a frequency curve. It should be 
noticed that whereas in the array the height was indicated 
by the vertical scale it is in this diagram indicated by the 
horizontal scale. This frequency curve, or curve of varia
tion, plays a very important part in the statistical study of 
all natural phenomena. 

Coin tossing. - Ten coins were tossed into the air by the 
students in a college class an aggregate of 1250 times, records 
being kept of the number of heads which came up. The 
results were as follows: 

Number of head!J 
UJ~at onca. 

(I) 

0 
1 
2 
3 
4 
5 

------

TABLE 143 

RESULTS OF COIN TOSSING 

Number of tbrov.·s. Number of head~ 
up at ouoe. 

(2) (I) 

1 6 
15 7 
62 8 

156 9 
265 10 
288 

-

Number of throws, 

(2) 

266 
128 
ss 
13 
1 

··-·-
These results when plotted gave a frequency curve whi(h 

was much like that obtained for the soldiers. This curve 
was evidently the result of chance. One cannot tell for any 
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given throw how many heads will come up, yet in the long 
run one always gets such result as that obtained by the 
coin tossing students. 

What is meant by " chance." - What detennines 
whether a coin thrown into the air will fall with the head up? 
Many things, of course, - the way it is held when thrown, 
the twist with which it starts, the height to which it riees, 
the manner in which it strikes the floor, the way it rolls, and 
many other factors. The sum total of theae many causes 
gives what we call " chance." Chance is not the absence of 
cause, it is the result of a multiplicity of causes. In chance 
we must judge the result by the combination of these many 
causes. Ofteu it is the only way we can judge the result. 
In chance we can never tell exactly any particular result, 
but we can fonn an idea as to the frequency with which any 
possible result will occur. 

In the case of the coins we could not tell in advance the 
result of any particular throw of ten coins but we could safely 
predict that five heads would be thrown more often than any 
other number, and that no heads or ten heads would happen 
least frequently. Is there any way by which the frequency 
that o~er numbers of heads would be thrown C&U be ascer· 
tained? There is, and it is quite simple. 

We will start with a single coin. We toss it up. It is a.n 
even chance as to whether it comes up a head or a tail. If 
we should toss the coin a hundred times we would probably 
have a head in fifty of the throws. In practice it might not 
come out, exactly 50, it might be 48 or 55, but if we tossed 
the coin an enonnousiy large number of times a head would 
come up half the time. Let us now take two coins which 
we will call a and b. If we indicate a head by heavy type 
then we have the following possible combiull,tions: 

ab; ab; ab; ab. 
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We thus have the following results: 

Hoods 0 1 2 
N=ber o! throws 1 2 1 Totol4 

If we have three coins we have the following poseibl 
chances: 

abc; abc, abc, abc; abo, abc, abc; abc. 
Heads 0 1 2 3 
NU!llber of throws 1 3 3 I 'fotalS 

If we have four coins we have: 

abed; abed, abed, abed, abed; abed, abed, abed, abed, 
abed, abed; abed, abed, abed, abed; abed. 

Heads 01234 
Number o! throws 1 4 6 4 1 Total16 

And so it goes on until for 10 coins we have: 

Heads 012345678910 
Number of throws 1 10 45 120 210 252 210 120 45 10 1 Total 1024 

Theoretically, therefore, the coins in 1250 throws should 
have given us the following numbers: These compare rea-· 
sonably well with those obtained by the students. 

TABLE 144 

THEORETICAL RESULT OF TOSSING 10 COINS liDO TIMES 

N wnber ol Mad&. Nmnb«oof throws, Number of heads. Numbot of throws. 

(!) (2) (I) (2) 

0 1 6 257 
1 12 7 147 
2 55 8 55 
3 147 9 12 
4 2/i7 to 1 
5 307 
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.llinomW theorem.- Another interesting fact is that 
~these numbers which we have just obtained 88 representing 
~what would result from applying the laws of chance to the 

.. wasing of two, three and more coins, are the same 88 are 
,obtained by expanding the snm of two quantities by the 
'binomial theorem, (a+ b)• in which each quantity, a and b 
,is taken as 1, i.e., (1 + 1)•. In the problem a head was just 
1111 likely to come up 88 a tail. In this expression n is the 
number of coins. If 

n = 1, (1 + 1)1 = 1 + 1, 
n =" 2, (1 + 1)' = 1 + 2 + 1, 
n = 3, (1 + 1)' = 1 + 3 + 3 + l, 
n = 4, (1 + 1)' = 1 + 4 + 6 + 4 + 1, 
n = 5, (1 + 1)' =- 1 + 5 + 10 + 10 + 5 + l. 

The binomial theorem, therefore, gives us a method of 
finding the shape of any natural frequency curve if we know 
·the number of tmms. It should be observed that only the 
even values of n give an odd number of terms with a middle 
highest term. 

Some interesting conclusions may be predicted from this 
application of the binomial theorem. One of them is that 
the larger the number of terms the more closely are the 
items clustered around the median figure. It follows that 
the average of a large number of observations is much more 
precise than the average of only a few observations. In 
ia.ct, it Qan be shown that the error of a set of observations 
varies inversely as the square root of the number of obser
vations. If we multiply the number of observations by 
fo11r, we halve the probable error. 

Chance and natural phenomena. - Does it follow them
fore that the measurements of natural phenomena result 
from chance? Certainly, if they follow the binomial law as 
pointed out. How is it in the ease of the heights of soldiers? 
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Here. we had 18,780 soldiers. Theoretically, these should 
have been distributed as shown in Column 3 of 'rable 145. 
Actually they were distributed as in Column 2. The differ
enr.es are very slight. 

What are the many cause.s which determine a person's 
height? It is difficult to say. Possibly inheritance, age, 
nationality, food supply during the period of growth, early 
illnesses, habits of sleeping, sitting, standing and many other 
factors. It would be an interesting subject for discussion. 
Whatever the causes are they are combined in so many ways 
that we have no better method of predicting the heights of 
the ooldien in a regiment than by the application of this 
law of chance. 



Height. il'l inches, 

- (!) 

--··-· 
OO+ 
61+ 
62+ 
63+ 
64+ 
65+ 
66+ 
67+ 
68+ 
69+ 
70+ 
71+ 
72+ 
73+ 

SKEW CURVES 

TABLE 146 

HEIGHTS OF SOLDIERS 

.Per cent of aoldiehl. 

Aotual. 

(!) 

LOS 
1.69 
3.69 
6.86 

10.44 
13.91 
15.84 
16.07 
12.18 
8.52 
4.67 
2.77 
1.39 
0.92 ·-

100.00% 
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Tl>emoti..J. 

(3) 

1.00 
1.71 
3.68 
6.75 ' 

10.51 
13.99 
15.84 
15.31 
12.60 
8.84 
5.31 
2.67 
1.18 
0.61 

100.00% 

Skew curves. - In plotting natural phenomena it will be 
found that not all frequency curves are symmetrical. The 
median is not always the mean; there may be more items on 
one side of the mean than on the other. The MyiDmetrical 
curves are known M skew curves. They are not susceptible 
of mathematical analysis except by the use of complicated 
and rather uncertain method$. 

There are four common types of asymmetrical curves 
commonly met with in demographic studies. These are 
shown in Fig .. 82. In this diagram A represents the sym
metrical frequency curves, the two sides of which are sym
metrical about the mode. This type of curve has already 
been dilicussed. Type B is represented by the age distribu
tion of deaths from Dlllll&es. In early childhood the curve 
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rises sharply. Type C is a variant of B. Type D starts off 

I 
I 
I 

TYPED 

'TYPE_E_U_·~S-HA000P-E.,-P 
FIG. 82. - Types of Frequeney 

Curves. 

with the mode and steadily 
diminishes. Age distribu· 
tion of infant deaths by 
months gives us an example 
of this curve. Type E, the 
U-shaped curve, is a.l:ready 
familiar to us. It is sub
st.antially the curve of spe
cific death-rates by ages. 
All of these skew curves 
take many fonns. 

It will be remembered 
that in the case of the law of 
chanee it was assumed that 
the chance of an event 
happening and of its not 
happening were equal. The 
chanee of the eoin falling 
as a head was the same as 
that of its falling as a tail, 
and one or the other was 
bound to happen. But we 

· can imagine a result de
pending upon many factors, 
one of which was much more 
likely to occur than not to 
occur. This would result 
in producing a skew curve. 
There might be many ruch 
factors, and thesemigbtexist 
in all sorts of combinations. 

When statistics naturally 
plot out a.• a skew curve it 
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· js a sign that they should be investigated to determine, if pos
sible, what the influence is which is producing the skewness. 
Sometimes it can be found. For example, in a case recently 
studied the quantity of butter fats in a series of analyses 
of milk samples was slightly skewed at one end. This was 
found to be due to the·· adulteration of about five per cent 
of the samples with water. 

Beyond recognizing the skewness of a curve and making 
some attempt to account for it, the student of vital statistics 
will do well to let the mathematics of skew curves alone. 
Karl Pearson and others of hls school have suggested certain 
methods of mathematical a.nalysis. 

Deviation from the mean. - Still another way of study
ing variation is to find the extent to which the heights of 
the soldiers differed from the average, or mean, height. The 
mean height was 67.24". F'or the sake of simplicity let Ill! 
call it 67t". We may fairly assume that the height measure
ments were measured accurately and that the average height 
of the 197 soldiers in height group 6011 

- 61" was 60!". 
Then the average deviation of the height of these 197 soldiers 
from the mean was 67! - 60!, or 6£". In the same way the 
317 soldiers had an average deviation of Of; and so on. 
The average deviation of group 73 - 74" was 73! - 67i or 
6l:. Some of these deviations are positive and some are 
negative, because some of the soldiers are shorter than the 
mean and some are taller. 

If we plot these results, preferably by percentage groups, 
we. obtain the curve shown in Fig. 83. This is the curve 
of error, so-called. The deviations from the mean are re
garded a.~ errors. It is similar to the frequency curve of 
heights. In fact it is the same curve, the only difference 
being the scale. Mathematicians, physicists and engineers 
look at their data from the standpoint of errors of observa
tion, and therefore their text books which treat of tb.is sub-
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ject are ce.lled " Precision of Measurements," •• Theory of 
Least Squares," and the like. Natural scientists, however, 
speak of " Variation." It is all one. The figures show us 
that small errors occur very often, large errors occur less 
frequently, and very large errors rarely oocur . 

. I!'!iattuo. ,trom, He:Itrht io Inches 

FIG. 83. Percentage Deviation of the Heights of Soldiers from 
the Mean Height. 

Area A ~Area B. r = 1.72. 

In any set of measurements we may assume that errors 
will exist, and that in natural phenomena there will be varia
tions caused by many factors. We are naturally interested 
to find out the extent of these variations. We want to know 
the average deviation and the variation most likely to occur. 
It will not be possible to go into these matters in great detail 
in this book. Readers who want to know the theory of these 
matters must study the theory of probability, or " Least 
Squt~res." A few methods of dealing with the subject 
practically will be given because they have an important use 
even in elementary statistics. In doing so We 'will consider 
first a very simple set of figures. 
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.. Standard deviation. - Let us suppose that we have five 
~res, or statistics, which represent something, no matter 
hwhat. They are 6, 8, 2, 4, 5. The mean of these figures is 
;i, The deviations from the mean are respectively 1, 3, -3, 
N-1, and 0. The average deviation, disregarding signs, is 
:!their sum divided by 5, or 1.6. A more useful qUAntity is 
tthat called the standard deviation. It is obtained.by squaring 
'these deviations, finding the average square and taking ita 
liquare root. If we arrange the data in tabular form we shall 
better understand the pro.cess. 

TABLE 146 

STATISTICAL DATA 

!..,.., Deviation lror.o 
1\b.n. 

Square or 
:oeviation, 

(1) (2) (3) 

6 1 1 
8 3 9 
2 -3 9 
4 -1 I 
5 0 0 

Sum 2.5 8' 20 
Ave. 5 1.6 4 

The average square is 4 and V4 is 2. Hence 2 is the stand
ard deviation. It will be noticed that the standard deviation 
gives great.er weight to the large deviations than a mere 
averaging of the deviations does. 

Coeflicieut of variation. - The ratio between the stand
ard variation and the mean is called the coefficient of varia
tion. In the case just mentioned it is 2 + 5, or 0.40. The 
coefficient of variation is usually expressed decimally. If 
the variations are very small the coefficient of variation is 
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small. If the variation.s are large the coefficient of varia.tio: 
is large. In some parte of the country the annual rainfall 
do not vary much from year to year. In Massachusetts th 
coefficient of variation is about 0.17. In other parts of tru 
country there are great fluctuations from year to yem-. Ix 
Arizona the coefficient of variation is 0.50. A low coeffici.en\ 
means, in general, that the figures are more dependable; s 
high coefficient means that they are likely to be untrust. 
worthy because of their tluctuation.s. This coefficient i.l! 
very useful in the study of vital statistics. 

Computing the coef!!cient of variation when data are 
grouped. -This is likely to cause trouble to the beginner. 
It is necessary to use care or mistakes will be made. Supo 
pose we have the following items divided into magnitude 
groups between 0 and 5, the measurements being made to 
the nearest tenth as shown in columns (1) and (2). 

Mqllitude N~berin 
III'UUP• groUp. 

(1) (2) 

(H).9 6 
1-1.9 8 
!a-2.9 2 
3-4.9 4 
4-U 5 

Total 25 
Mean ......... 

TABLE 147 

STATISTICAL DATA 

m~~ •. 
~~~tiOD 

Produet;. "·= ~nit I) 

"""'""""' (3) (4) (5) 

0.45 2.70 -1.76 
1.45 11.60 -0.76 
2.45 4.90 +0.24 
3.45 13.80 +1.24 
4.45 22.25 -1-'2.24 

......... 55.2.> ......... 
" ....... 2.21 . " .. ' " . 

Squa:mof 
devt.tion. p-

(&) (7) 

3.10 18.60 
0.58 4.M 
0.00 012 
1.M 6.16 
5.02 25:10 

......... 54.62 

.. ' .. " .. 2.18 

Here we first find the average magnitudes of the numbem 
in each group, column (3). By multiplying these by the 
number of items in each group and dividing by the number 
of items we have (4) the weighted average, or the mean of aJl 
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the items. This is 2.21. Subtracting the figures in column 
(3) from 2.21 we haw the group deviAtions in column (6). 
These a.re squared (6) and then multiplied by the number of 
items in each group (7). The sum of the squares divided by 
25 gives the average square, i.e., 2.18 and v'2.18 is 1.48, the 
standard variation. 1.48 + 2.21 gives 0.67 the coefficient 
of variation. Unthinking students sometimes multiply the 
ligures in column (5) by those in column (2) before squaring. 
This is wrong. It is the deviations which are squared. The 
;.ubsequent process is merely to get the weighted average of 
the squares. 

Probable error.- Neither the average deviation from 
the mean nor the standard deviation is the one most likely 
to occur. It is the median deviation, or the median error, 
which is most likely to occur. It can be shown by calculus 
that when observations follow the normal law of error, or 
the normal frequency distribution, i.e., the binomial dis
tribution, the median deviation is about two-thirds of the 
standard deviAtion. To be exact, the figure is 0.6745. If 
we let r stand for this median deviation, this probable 
error, and if we let x be any individual error, and if n = 
the number of observations, then, remembering that the 
sign :!l means " the sum of," we shall see that 

r=0.6745~· 
This is merely the mathematical way of stating what we 
have just done. 2ix' means the sum of all the squares of the 

deviations. :!lx'
1 

is generally used instead of :!lx' for the aver-n- .,. 

• square, and V 
11 
~' 1 means the standard deviAtion. 

Where does 0.6745 eome from? If we take the curve of error 
(Fig. 83), and consider the side to the left of the middle 
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ordinate, it will be possible to draw a vertieal line I!Ome
where to the left (or the right) of the middle which will 
divide the area included between the curve and the base line 
into two equal areas. The length of the abscissa which will 
do this ie 0.6745 that of the etaodard deviation. 

This probable error is quite ueeful in statietioe. One 
use is that of throwing out of consideration doubtful ob
servations. 

Doubtful observations. - Scientists· make a distinction 
between errors and mistakes. Errors are supposed to fall 
within the limits of probability; miatakes are supposed to be 
glaring, erratic observations which really ought to be left 
out of account, or at least not included when the average ia 
computed. We have all had experiences of this kind. In 
a daily record of the number of bacteria in a filtered water 
we may find that where most of the figures are less than 25 
per m1bic centimeter there ia one which exceeds 1000. Shall 
we include this in the average for the month? If we do we 
unduly raise the average for the month and bring discredit 
on the filter. And yet there may be no reason for excluding 
it. It may have been a fact. And a fact is not to be dia
earded. 

The theory of probabilit.y give us a means of telling 
whether it should be included in the average or not. If :1: is 
an individual observation and we know the probable error 
r, as above described, then we shall lind that there is an 

allowable ratio of ~ which depends upon the number of r . 
observations. If we had only three observations then any 

value of the ratio ~ which is greater than about 2 ehould r 
be regarded as outside the probable variations resulting 

from the law of chance. If n is 10 the limit of :':' is 3; if n r 
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,. 30, then the limit of~ is 3.5; if n is 100, the limit is 4; 
r . 

if n is 500, the limit is 5, and so on. These values are 
merely approximate but serve to give a general idea of what 
may be wisely dil!oarded. 

The probability scale. -This ratio of ~. the ratio of any 

error to the probable, Or median, error, is useful in an
other Wf1Y, because on the basis of the binomial distribution 

we can compute the frequency with whieh any value. of ~ is 

likely to occur. We call this the probability of its occurrence. 
If :» is any error and r is the probable error then when 

~ = 1 the chances are even that the error will be x. There 
r 
are as many cbanees that the error will be larger than x as 
that it will be smaller. We may call this a " fifty-fifty " 
chance, and we may write the probability of its occurrence 

as ! or 0.50, If:!: is less than 1 the probability that any error 
r 

will be less than:!: is less than 0.50, and if:!: is greater than 1 
r r 

the probability that any error will be less than ~ is greator. 
r 

In fact we shall find that the following relations hold: 
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• 
r 

(1) 

o.o 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.6 
1.6 

PROBABILITY 

TABLE 148 
PROBABILITY 

Probability tba:t uy • ~r will bo lesa: than; • ,. 
(ll) (I) 

0.0000 1.7 
Oo0538 1.8 
0.1073 1.9 
0.1603 2.0 
0 2127 2.1 
0.2641 2.2 
0.3143 2.3 
0.3632 2.4 
0.4105 2./i 
0.4562 2.6 
0.5000 2.7 
O./i419 2.8 
0./i817 2.9 
0.6194 3.0 
0.6550 4.0 
0.6883 6.0 
0.7195 00 

Prob•bittty that a:oy 
etror will be loee Um.n ! · 

r 

(2) 

0.7485 
0.7753 
0.8000 
0.8227 
0.8483 
0.8822 
0.3792 
0.8945 
0.9082 
0.9305 
0.9314 
0.9410 
0.9495 
0.9570 
0.9930 
0.9993 
1.000 

\ 
If we compute the values of ~ which Col:TeSpond to certain r 

probabilities we have the following approximate figures: 
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(I) 

0.01 
0.02 
0.03 
0.05 
0.10 
0.20 
o.ao 
0.40 
0.60 
0.60 
0.70 

PROBABILITY PAPER 

TABLE 149 

PROBABILITY 

• Probability. ,. 
(2) (1) 

0.02 0.80 
004 0.90 
0()6 0.95 
0.00 0.98 
0.19 0.99 
0.38 0.009 
0.57 0.9009 
0.78 0.99999 
1.00 0.999999 
1.25 0.9990099 
1.54 
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!. 
• 
(2) 

1.90 
2.44 
2.91 
3.46 
3.82 
4.887 
5.783 
6.5112 
7.258 
7.967 

. '---------·----
Probability paper. - Until recently it has· been difficult 

to use the theory of probability in statistical work, but it is 
now easy. In 1913, my partner, Dr. Allen Hazen, devised a 
·new kind of plotting paper.1 The percentage scale was so 
spaced that any set of figures which follow the natural law 
of probability would plot out not as an agee curve, but as a 
straight line. The spacing was based fundamentally on the 
preceding figures, but it was necessary to take account of 
the sign of the error, whether positive or negative, and make 
allowance for this in designing the plotting paper. The 
50 per cent, or median line, was placed in the middle of the 
percentage sce.le.. The other relative distances were as 
follows. The figures given cover only one side of the 50 pet 
cent line. 

'This paper may be obtained from the Codex Book Comp..ny, 401 
Eighth Ave., New York. 
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TABLE 150 
DATA FOR PRliPARING PROBABIU'l'Y PAPER 

Li ... Relative di1- Lin(!. Rel$.tive d.i&-
Lioe. Rele.tivedi_s.. ....... ....... -(1) (2) (1) (2) (1) (2\ 

Per oent. Per cent, Per cent. 
50 0.000 17 1.415 0.8 3.578 
48 0.074 16 1.474 0.7 3.646 
46 0.149 15 1.537 0.6 3.727 
44 0.224. 14 1.602 0.5 3.821 
42 0.300 13 1.670 0.4 3.933 
40 0.376 12 1.742 0.3 4.077 
33 0.453 11 1.818 0.2 4.267 
36 0.531 10 1.906 0.1 4.585 
34 0.611 9 1.988 0.00 4.630 
32 0.693 8 2.083 0.08 4.685 
30 0.777 7 2.188 0.07 U48 
28 0.864 6 2.305 0.06 4.817 
26 0.954 5 2.4.'!9 0.05 4.900 
24 1.047 4 2.596 004 5.000 
22 1.145 3 2.789 0.03 5.120 
20 1.248 2 3.045 0.02 5.290 
19 1.302 l 3.450 0.01 5.6/lO 
18 1.357 0.9 3.507 

As commonly used the percentage scale was used hori· 
zontaJly, as in Fig. 84. There are sometimes advantages in 
plotting the percentages a;, ordinates, a;, in Figs. 85 and 86. 
The probability scale may be labeled from 0 to 100 per 
cent, in either direction, or it may read from 0 to 50 on 
either side of the median line. It depends upon whether we 
want to keep the positive and negative errors separate or add 
them together and consider their magnituile alone. 

A few examples of the use of this probability paper w:ill 
now be given. For a more complete description of this 
paper the reader is referred to the author's monograph on 
the " Element of Chance in Sanitation."' 

' Jour. Franklin l11$titute, July and Auguat, 1916. 
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Flo. 84.- Disl.ribution of Soldiers According tn Height. Plotted 
on Arithlnetic-Prob•bility Paper. 

l 
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FIG. 85.- Death-rates of Massachusetts Cities and Towns. 
Plotted on Arithmetio-Probability Paper. 
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Fer oont ot Median. 
Fm. 86.- Percentage Variation of Death-rates of M.......,husetta 

Cities and Towns for Three Different Decades. Plotted on 
Arlthmetio-Prohability Paper. 
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Examples ol use ol probability paper. -Fig. 84 shows 
the distribution of soldiers according to height plotted on 
probability paper. This is based on the observations with 
which we have already become familiar. It will be noticed 
that instead of forming the usual ogee curve the points 
fall on a straight line. 

Fig. 85 shows that the death-rates for Massachusetts 
cities and towns also plot out on this paper as a straight 
line. Fig. 86 shows t.hat in 1900-10 the death-rates 
throughout the state have been more uniform than in 
1860-70. Thie is indicated by the different slope of the lines. 

For an example of the use of logarithmic probability 
paper, see Fig. 89. 

Another use ot probability. - Bernouilli's theorem giyes 
us another interesting application of the theory of probability. 

If we let p represent the probability ot an event happening 
and q the probability of its not happening, then obviously 
p + q = 1. Unless thi.~ fundamental condition holds, the 
laws of probability do not hold. It is always well to see if 
there are any other factors than p and q. 

If we let n represent the number of cases considered, and 
' the mean error, then Bernouilli says, • = V npq. We need 
not stop here to prove this, but we may sec how it can be 
used. If n is large then • is a fair measure of the deviation 
from the standard for it is said that in 2 out of 3 cases the 
deviation will be less than •; in 19 out of 20 cases less than 
2 •i and deviations greater than 4 • are very rare. 

Let us suppose that in a population of 10,000 the 
general death-rate Wll.'l 15 per 1000, i.e., 150 deaths in all. 

1.5 985 
Then n 3 10,000; p 3 

1000 ; q = lOOO; then 

.! 15 985 ...,;---
• = y 10,000 X 1000 X 1000 = 147.7.5 = 12.15 deaths, 
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or 1.2 per 1000, A fluctuation of this amount from year 
to year would not be outside of the bounds of chance phe
nomena. If the population were 1,000,000 then • would be 
v'14775, or 121.5 deaths in 1,000,000 or0.122per thousand. 

Other criteria than Bernouilli's have been suggested for 
this computation. The results diller considerably, and none 
of the methods must be taken as mathematically exact. 

Let us suppose we are studying an epidemic of typhoid 
fever in which all the cases, 120, were actually caused by the 
public water supply. The population was 50,000. There 
were two milk dealers: A served 40,000 persons; B ser:ved 
10,000 persons. What· would be a chance distribution of 
cases among these two dealers? If they were distn'buted 
uniformly we should expect to find among A's customers 
40•000 f 120 96 d B' to lO,OOO 24 50,000 o , or ; an among s cus mers 50,000' or • 

Now what is a rerusonable va.riation from these figures? In 
the case of A, 

• = v·4-0-,000--x-50"'l~"000;--x-.!"~;"~"'~ = 10 approximately. 

Therefore, if A had any number between 86 and 106 it would 
be within the bounds of chance. If he had 116 cruses it 
might be a suspicious circumstance. In the case of B, 

_ • 1 120 49,sso 
4 9 

. ._
1 • - V lO,OOO X 50,000 X 50,000 = . appro.x:una.., y. 

If, therefore, B had more than 29 cases it would be suspicious. 
The frequency cuxve as a conception. - The frequency 

curve is something far beyond a statistical tool. Prop
erly conceived it stands for a universal principle. Not all 
the leaves of a tree are alike, not all shells are alike, sol
diers are not all of the same height or weight. We cnnnot 
well compare the tallness of pine trees and ehn trees with• 
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out resorting to the frequency curve. One man may l!!ly, 
" The elm tree is the taller; I have seen elms taller than 
pines." Another says, "That is nothing; pine trees have 
a greater average height." But the first man is not con
vinced. He goes back to his own observation and insists 
that he has seen elms taller than pines. To give the true 
picture both men need to know the frequency of different 
heights of both elms and pines,. 

Are young women as good scholars as young men? As
suming that we have an adequate definition of what is 
meant by a good scholar, can we sct,tle the question by 
saying that we have seen young women who were better 
scholars than young men, or that the average of scholar
ship is higher among men; must we not know the fre
quency with which we find good scholars and poor scholars 
among both men and women? It is quite conceivable 
that among women we have greater extremes of scholar
ship than among men, or r:ice veroo. • 
. Are women as well fitted for voting as are men? Suffra
gists used to point to drunken sots and say, " We are better 
fitted to vote than t.hey are." When they said this they 
were comparing the end of one frequency curve with the 
middle or .the upper end of the other. Such comparisons are 
utterly meaningless. 

Sometimes we need to make comparisons on the basis 
of lower limits, sometimes on the basis of upper limits, 
sometimes we ought to compare modes, sometimes medians, 
sometimes averages, sometimes we do not know the facts 
well enough to make comparisons at aJI: but through
out all realms of thought an appreciation of the funda
mental importance of the frequency curve will help us to 
reason soundly and will prevent us from making false com
parisons. 

The frequency curve contains in itself the element of 
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beauty. Moons wax and wane; the tide rises and falls; 
the flowers of spring oome, first a few, then many; and they 
disappear in the same way, a few lingering into summer. 
It is said that we live in a world of chance. Nothing is 
more true. We live in a world where many causes are 
acting with and against each other. We live in a world of 
frequency cu.rves. Artists and architects recognize this. 
The ogee curve is the line of beauty. 

EXERCISES Am> QUI!STIONS 

1. Find data for and plot an example of a typical symmetricsJ fre. 
q1lllllcy curve. (AnthroporoetricaJ roeasuremenl:ll.) 

t. Find data for and plot an asymmetrical frequ011cy curve (specific 
death-rates for scarlet fever, diphtheria, etc.). 

8. De•cribe the application of Bernouilli's Theorem to the chance 
distribution of cases among milk customers? [See Aro. J. P. H., Apr., 
1912, p. 296.] 

4. Construct a model to illustrate the general law of probability 
(See Roeenau's Preventive Medicine, Chapter on Heredity and Eu-
genics.] 

5. Repeat the coin tossing experiment described in this chapter. 
6. Find the height of 50 moles (or females) abow eighteen yllii1'B of 

age, and eompute: 
a. The average deviation from the mean. 
b. The standard deviation. 
c. rhe coefficient of deviation. 
d. The probable error. 

7. Plot the height recorda of these pet'eOilll on "probability paper." 
8. Discuss the use of the law of chance io public bcalth studies. 

(Whipple, 0..0. C. The Element of Chance in Sanitation, Jour. 
Franklin Institute, July and August, 1916.) 

9. frepare a short statistical abstract of the stature of recruito, 
t[. S. A., 1906--15. [H<>fftnan, Frederick L. Army Anthropometry 
and Medical Rejection. New.,.k. Prudential P,...., 1918.] 



CHAPTER XIV 

CORRELATION 

Correla.tion is the word by which the statistician d'*leribes 
the correspondences or relations between series, classes or 
groups of data; in fact, it is largely for the study of these 
:rclationships that statistics are collected. 

Deaths from typhoid fever are arranged by months in 
order to ascertain if there is a fixed relation between the . 
frequency of such deaths and the season of the year; or they 
are arranged by the age, occupation or place of residence of 
the deoedant.s in order to learn of any other correspond
ences which may exist. The heights and weights of men, 
or women, are compared to see if the variations in height .are 
related to variations in weight; the length of the arm is 
compared with some other measurement of the body; the 
heights of sons are compared with the heights of their fathers. 
These are all simple correlations. Two sets of measurements 
only are compared. 

Often the problem is more complicated. The infant 
mortality in cities varies with the season, being highest in 
the summer; the temperature of the air also varies with the 
season, being highest in the summer; and the statistician 
desires to ascertain if there is any definite relation, any 
cor:rclation, between atmospheric temperature and infant 

· mortality. Here there are three elements to be considered -
season, temperature and infant mortality. Also the number 
of flies ordinarily increases with an increased atmospheric 
temperature, and the question arises "Is there a fixed re-

460 
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Jation between the increase in the number of flies and 
the infant mortality? " One naturally asks: "Why not 
eliminate the temperature of the air and study the direct and 
simple correlation between flies and mortality? That 
would, indeed, be the best and safest method, but nnfortu
nately the data may not exist, or cannot be obtained in 
ocmparable form. It is, therefore, neeessary to devise some 
way of studying this problem by indirect correlation, or 
secondary correlation. 

' Causal relations. - Sometimes statistics are studied 
merely to determine whether correlation exists between two 
variables, this result being practically useful. Tbe knowledge 
that infant mortality increases with the atmospheric tem
perature is in itself of value to the physician and the health 
officer. More often perhaps the underlying motive in corre
lation studies is that of determining cause and effect. In 
the illustration given the question is, Is the increase in 
atmospheric temperature the cause of the increased mor
tality among infants? Is the ineJ'('.asc in the number of flies 
in the summer the cause of the increased infant mortality? 
Or, to go back to the examples of simple correlation, Is the 
increa.sed height of men the cause of their increased weight? 
Is the tallness of a son the effect of the tallness of his father? 
))Qes the establishment of correlation also mean that a 
causal relation has been established? To answer this we 
must consider what is mCIU\t by cause. 

Jevons 1 says: "By the cause of an event we mean the 
circumstances which must have preceded in order that the event 
should happen. It is not generally possible to say that an 
event has one single cause and no more. The cause of the . 
loud explosion in a gun is not simply the pulling of the trigger, 
which is only the last apparent cause or the occasion of the 
explosion; the qualities of the powder, the proper fonn of 

1 Lesoon.o in Logic, p. 239. 
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the barrel; the existence of some resisting charge; the propel' 
arranging of the percussion cap and powder; the existence 
of a surrounding atmosphere, are among the circumstances 
necessary to the loud report of the gun; any of them being 
absent it would not have occurred." In the above phrase, 
"the circumstances which must have preceded in order that 
the event should happen," emphasis must be placed on the 
word must, otherwise our reasoning is post hoc non propter 
hoc. 

'It is obvious that statistics do not in themselves establish 
these causal relations. The laws of logic are the primary 
laws, and the rules of statistics must be subsidiary to them. 
Westergaard, the celebrated Danish statistician, has recently 
said (Jour. Am. Stat. Asso., Sept. 1916, p. 2.59), "that the 
task of the statistician is not so much to find the causality 
himself as to help others to find it. The statistician must be 
content if he can show that certain groups of numbers have 
marked:differences, leaving it to physiology, meteorology and 
other sciences to explain these differencoo." 

The statistician can prove nothing by his statistics unless 
he uses them logically. 

On the other hand, the statistical arrangements of facts 
~tre of the greatest aid in helping to establish causal relations, 
because by expressing facts by numbers it is pessible to con
centrate extended experiences into quantities which may be 
easily and quickly compared. 

Correlation and causality. - In studying correlation as 
a process for determining causality it is necessary to dis
tinguish between the simple correlation which may exist 

. between two variables and the more indirect correlation, or 
secondary correlation, which occurs when two series of events, 
both correlated to a third factor, are compared to each other. 
The former may be safely used to establish a causal relation; 
in fact, King says (Elements of Statistics, p. 197), that 
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''correlation means that between two series or groups of 
data there exists some causal relation." In stating this he 
evidently had in mind the simple· correlation between two 
variables. And, of course, "causal relation" does not mean 
"sole cause." Besides correlation we must also establish 
connection between the two variables. It is not the task of 
the statistician to do this. ·It would be more exact to say 
that a causal relation may be shown by establishing a definite 
em elation between two series, classes (ff groups of connected 
data. 

It is chiefly in secondary correlations that we err in onr 
logical processes. In mathematics we learned that "two 
things which are equal to a third are equal to each other," 

·but it is not necessarily true that two series of events which 
vary as a third are equal to each other, or even are related to 
each other at all. Infant mortality increases with the 
atmospheric temperature in summer; the softness of the 
asphalt pavements increases with the atmospheric tempera
ture in summer; but we cannot infer that there is any 
relation between infant mortality and the softness of asphalt 
pavements. 

The actual connection between events is not shown by 
statistics or by the statistical methods except as the data are 
interpreted according to the laws of logic. 

Let the reader try to answer questions like these. Why 
is it not true that there is a causal relation between the soft
ness of pavements and infant mortality? Is it, or is it not, 
true that there is a causal relation between the presence of 
flies and infant mortality? Which shows the higher degree 
of correlation with infant mortality- the presence of flies 
or the softness of asphalt? 

Laws of causation. - While we are thinking about ~or
relation and its relation to causation it will not be out of 
place to refer to the three methods of induction as stated 
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by John Stuart Mill. The cause of an event may be said 
to be "the circumstances which must have preceded in 
order that the event should happen." 

Mill's first canon is, " If two or more instances of the 
phenomenon under investigation have only one circum
stance in common, the circumstance in which alone all the 
inatances agree is the cause (or effect) of the given phe
nomenon." This is the method of agreement. The epi· 
demiologist follows this principle when he studies case 
after case of disease looking for some common antecedent 
circumstance. Here one instance does not establish proof 
of a· cause, and the larger the number of instances the 
stronger the proof. 

The second canon is " if an instance in which the phe
nomenon under investigation occurs, and an instance in 
which it does not occur, have every circumstance in com
mon save one, that one occurring only in the former; the 
circumstances in which alone the two instances differ is 
the effect, or the cause, or an indispensable part of the 
cause, of the phenomenon. This is the method of differ
ence, the method of experiment. This principle also is 
used in epidemiology. 

The third canon is called the joint method. " If two or 
more instances in which the phenomenon occurs have only 
one circumstance in common, 'vhile t\vo or more instances 
in which it does not occur have nothing in common save 
the absence of that circumstance; the circumstance in 
which alooe the two sets of instances {always or invariably) 
differ, is the effect, or the cause or an indispensable part 
of the c~<use, of the phenomenon." 

These are sometimes expressed as follows, the large let
ters, A, B, C, etc., representing antecedents, and the small 
letters, a, b, c, etc., the consequents. 
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Method of Agreement 

ABC abc 
ADE ade 
AF·a afg 
AHK ahk 

Method of Difference 

ABC abc 
B C b c 

Joint Method 

ABC 
A.D E 
AF G 
AHK 

PQ 
RB 
TV 
XY 

abc 
ad e 
a! g 
a h k 

pq 
r s 
t • 
xy 

Methods of correlation.- Correlations may be divided 
into two classes:-- (1) simple, or primary, and (2) secondary. 

Simple corrclatioiUI arc studied as between two variables, 
these twa variables being compared on the basis of magni
tude, that is they are compared by grouping. 

Secondary correlatioiUI arc studied when two variables arc 
compared with each other after first being compared to a 
third variable-such as time or place. · 

When two variables arc so correlated that the numerical 
values increase and decrease together the correlation is said 
to be direct. 
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When the correlation i.e such that the numerical value of 
one variable increases as that of the other decreases the . 
correlation is said to be in'IJel'se. 

The closeness of correlation is termed the ikgroo of correlation. 
There are mathematical methods of detennining the degree 
of correlation, according to which perfect correlation is repre
sented by unity and complete absence of correlation by •ero. 

The following arc some of the methods used in the study 
of correlation: 

Simple correlations (two variables compared directly) : 
1. Plotting of original data. 
2. Correlation table (grouping by lines and columns). 
3. Correlation model (correlation surface). 
4. Plotting of group means (Galton). 
5. Computation of coefficient of correlation. (See Elder

ton's Primer of Statistics.) 
6. Use of mathematical formulm. 
Secondary correlations (two variables compared on the 

basis of a third variable) : 
1. Comparisons between two plotted lines representing 

original data, "" to: 
(a) Parallelism. 
(b) Correspondence of fluctuation in time of oc-

currence and in magnitude. 
(c) Correspondence of cycles. 
(d) Lag. 
(e) Inverse relations. 

2. Comparison between two plotted lines, each represent
ing variations from the mean. 

3. Comparison between two plotted lines, each represent
ing variations from the moving average (or some smoothed 
line mowing trend). 
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, '. Galton's coefficient of correlation. Let us suppose that 
::we have the following pairs of observations. Each a has a 
~ll(ling b. What is the correlation between a and b? 
Offhand one can see that in a general way a and b rise and 
.fall together. But how can we express this relation? 

• 
(I) 

7 
5 
6 
3 
9 

Buni 30 
Average 6 

(f • ••• ' •• . " 

TABLE 161 
EXAMPLE OF CORRELATION 

b ' 
,, y 

(2) (3) (<) (5) 

4 1 1 0 
2 -1 1 -2 
5 0 0 1 
1 -3 9 -3 
8 3 9 4 

20 ...... 20 . " . " 
4 ...... 4 ....... 

...... . " .. 2 ' . . . . . . 

,, 
" 

(6) !I) 

0 0 
4 2 
1 0 
9 9 

16 12 
30 23 
6 4.6 
2.45 . ...... 

We cannot compare the figures directly. We do not even 
know that the measurements are the same. a may be 
expressed in feet, and b may mean years or somethlng else. 
What have these two sets of figures in common? The 

·deviations from their means may help us. Let us suppose 
that x represents the deviation of a from its mean, 6, 8Jld 
that y stands for the deviations of b from its mean, 4. 
Then we can compute the standard deviation of each set 
of figures, and call these u, and u,. These we find to be 
v4, or 2, and vil, or 2.45. We must now link toget,her the 
two sets of observations and we do this by finding the prod
ucts of their deviations, i.e., xy, and the average of xy, i.e., 
4.6. This average value of the product of x and y, divided 
by the product of the st8Jldard variations, .-, and .. ., gives 
what is called the coefficient of correlation. It may be 
expressed by formula thus: 
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· Coefficient of correlation, r = "Zxy , in which n is the num. 
nu !llu11 

per of observatiollll, and "Zxy the sum of all the xy's. In the 

example, -z: = ~ = 4.6, and the coefficient is 2 :·~.41! 
= 0.94. This is a close correlation between a and b, beca.use 
1 represents perfect correlation and 0 no correlation at all. 

This method was descn'bed by Bravais in 1846, but has 
come into more common since Pearson showed its advan
tages in 1896. 

Example of low correlation. - In the monthly bulletin 
of the Department of Health of New Haven, Conn. for Feb., 
1918, a radial diagram W"'l given showing that grippe out
breaks in one year are followed by measles the next year, 
and the statement is made that "the wheel of chance becomes 
a wheel of certainty." Let us see if these facts will. stand 
the test of correlation. If we place the deaths from grippe 
in one year side by side with the deaths from measles the 
following year, we have the following twelve pairs of values 
for a and b. 

TABL)j) 152 

• 6 ' 
,. • •• , . 

(I) (2) (3) (4) (4) (6) (7) 

··-·· 
8 32 -2.25 5.06 16.92 286.29 -38.07 
4 8 -6.25 39.06 - 7.08 00.13 44.25 

15 26 4.75 22.56 10.92 !19 .25 5!.87 
11 5 0.75 0.56 -10.08 101.61 - 7.56 
6 6 -4.25 18.06 - 9.08 82.45 3$.59 
8 22 -2.25 5.06 6.92 47.89 -15.57 

16 0 5.75 33.06 -15.08 227.41 -86.71 
7 3 -3.25 10.56 -12.08 145.93 39.26 

12 27 1.75 3.06 1!.92 142.09 -20.86 
2 12 -8.25 68.06 -308 9.49 25.41 
9 6 -1.25 1.56 - 9.08 82.45 11.~ 

25 34 14.75 217.56 18.92 357.97 279.07 
~um 123 181 ....... 424.22 ..... 1652.96 362.75 
Average 10.25 15.08 " ..... ,35.35 .. ... 137.75 ...... 
v .•........... ...... ······· 5.95 ..... 11.74 ' ..... 



OORRELATION SHOWN GRAPHICALLY. 469 

~t will be seen that the coefficient of correlation is 
r = 'J:,wy ~ 362.75 ~ 043 

nrr,p1 12 X 5.95 X 11.74 · ' 

'.This is not a high correlation. Whether it is sign.ilicant or 
'not depends upon the probable error, whieh may be taken 

118 .6745
1
:-: • In this case the probable error is 0.16 and 

the entire result may be expressed thus:-
0.43±0.16 

Bowley says that the coefficient of correlation, to be sig
nificant, must be at lea.st six times the probable error. In 
this case 0.43 is only about three times 0.16, hence it is not 

·· sign.ilicant. It follows, therefore, that the statement that 
grippe is followed by measles a year later hM little to sub
stantiate it, if all the facts are considered. If we leave out 
a few exceptional years there does appear to be a general 
tendency for measles to follow grippe. But what right is 
there to leave out some of the facts? If they are mistakes 

· they should be left out, otherwise they should be colll!idered 
in drawing conclusions, 

A few years ago a sanitary chemist tried to show a relation 
between the color of water and the typhoid fever death-rates 
in Massachusetts water supplies. Computatiolll! of the 
ooefficient of correlation for 54 places where surface water 
was used gave a correlation of 0.16 ± 0.13, while for 33 places 
where ground water was used it was 0.30 ± .16. In other 
words there was practically no correlation. In the same 
cities the correlations between tlul general death-rates and 
the typhoid fever death-rates were 0.59 ± .09 and 0.56 
:;1; .11 respectively. 

On the other hand, the Eldertons found the coefficient of 
correlation between the length and breadth of shells to be 
0.95; that between the ages of husband~ 1111d wives, 0.91. 
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The student will find the use of the coefficient of correlation 
an ~tdmirable weapon for exploding f~tlse theories. 

A recent example of lack of correlation. The Munic-
ipal Tuberculosis Sanitarium of Chicago, in its annual 
report for 1917, has published an interesting series of 
diagrams illustrative of the laek of correlation between 
housing and tuberculosis. Fig. 87 is one of these. The 
districts are arranged in order of occurrence of tubercu
losis. The one-.scale recmngles, appropriately divided ac
cording to the character of rooms, fail to show any progres
sion coincident with tuberculosis under Chicago conditions. 

The correlation table. - The correlation table is arranged 
much like a simple plot. There is a horizon tit! and a vertical 
arrangement of groups. 'l'his mbulation shows to the eye 
the relation between the two quantities. In Table 153 we 
see the correlation between the ages of husband and wife is 
fairly close. Oi 669 wives in ~tge-group 40-44, 309 were mar
ried to husbands in the same age-group. There is a slight 
tendency for husbands to be slightly older than their wives. 
The figures are not symmetrically arranged ~tround the mode. 

The correlation model is used but little. A description of 
its construction and use may be found in works on statistical 
methods. 
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Ia Interior Rooms 

.. .. . .. 
,. "" .. 360 

36 330 .. 300 

27 270 

" '" 
... .... 
,. ""' 
15 

12 

• •• 
• •• 

~IG. 87. - Diagram Showing Lack of Correlat.ion betwoon Interior 
· ltooms in Certain Chieago Blocks and Tuberculosis Morbidity. 
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TABLE lli3 

CORRELATION BETWEEN (1) THE AGE OF Willi, (2) THE 
AGE OF HUSBAND, FOR AU HUSBANDS AND WlVBS 
IN ENGLAND AND WALES WHO WERE RESIDING TO. 
GETHER ON THE NIGHT OF THE CENSUS, 1901, 
(CENSUS,1901, SUMMARY TABLES, P. 182.) TABLE BAS11D 
ON 11317,620 PAIRS; CONDENSED BY OMITTING OOO'S 

(From Yule's Theory of Statistics, p. 169.) 

Acetl - AgeS of wive~~. 
of To•-• 
h~ -· 

bands. 15· 20- 25- 30- 35- 40-- 4~ ~ SIS- 00. 00.. 70- 76-- 80- 85~ 

~~~~~~~~~~M~~~~~~ 
.... 
20-.... ... .... .... .... .... 
5$-

60-

2 2 .... .... .... .. ...... '"" .... ,... .•.. • 
16 173 46 4 1 . .. . .. .. . . . . .. .. 240 
4 185 402 6' 10 2 1 . . . . 688 
1 41 2'65 411 84 12 2 1 811 

g 69 251 300 80 12 2 1 193 
3 17 71 219 309 66 12 2 1 . . .. 'tOO 
1 6 20 68 176 U2 60 lO 2 1 ................ 006 

2 8 19 57 14:6 195 U tO 2 483 
S 8 IS 46 UO 141 35 6 369 
1381639811012341 217 
1 1 3 6 11 26 58 08 13 2 1 176 

1 1 2 I.S $ 18 31 31 6 1 .... 104 
2361014122 50 

ro... .... .... .• 1 1 1 2 4 I.S 3 1 18 

T~ -~·~~~~':'''''ISM':'. :'lo,.':',+llllll::C·:'·'IIl60c0· ~~7-.. 3~~- ~~- i~ ~ ~ -+~ 531: 
--·~-L-~~~~-L~~~~-L-L~ 

. Use of mathematical formula~. It is often desirable to 
find the equation of a straight line or curve drawn through 
a series of points. This is not difficult, but it requires a 
longer description thi!Jl can be given here. The student 
can find good descriptions of the methods used in standard 
mathematical books. 

Secondary correlation. - The correlation of two variables 
is often shown by plotting each against a third quantity, 
which latter varies in a regular manner. Thus in Fig. 72 we 
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lbave the number of ca.ses of typhoid fever plotted as ordi· 
ia.tes with months as abscisse, and we have also the atmos
'pheric temperature plotted as ordinates with months aa 
.ablcisaw. Here we see that there is a general correspondence ' 
between the two curves and we say that there is correlation 
between the two, One must be very careful in using the. 
graphic method in this way. We may luwe a diagram in 
which the correspondence between the two plotted lines is 
very definite except occasionally, yet these occasional lapses 
may be enough to upset the correlation. Again two lines 
may rise and fall together in point of time, and they 
may even rise and fall apparently the same amounts, yet 
this may be an incident depending on the scales used. 
Finally we must not forget that this sort of correlation
where two quantities vary as a third- does not establish 
causality. 

In Fig. 73 we have typhoid fever death-rates and popu
lation supplied with filtered water, both plotted with time 
as the abscisse; and we notice that as one line goes up 
the other goes down, giving a sort of inverse correspond
ence. We are not justified however in calling this a 
close correlation. Certainly we are not justified in saying 
that one is the cause of the other. It may be true, and 
few will dispute the fact that the filtration of polluted 
water tends to reduce the typhoid fever death-rate among 
the consumers of tl;le water, but such a diagram as this 
does not prove it. As Phelps 1 says, we might plot' a line 
showing the increase in the number of telephones· which 
would very much resemble that of the population supplied 
with filtered water. Pearson does well to call this correla
tion based on comparison with a "common mutual," a 
" spurious correlation." A good many false conclusions 
have been based on statistics treated in this way. 

' Am. Jour. Pub. Health, 1917, p. 28. 
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The tag, - When two lines are plotted with the seale of 
abscissro in common to both variables it often happens 
that one line changes in curvature after the other; it lags 

· behind it. Sometimes this lag is very regular, sometimes 
it is more or less irregular. This lag does not necessarily 
show lack of correlation. It may, on the other hand, result 
from cause and effect. It is obvious that a cause must 
precede in time the effect produced by that cause. It may 
require a certain interval of time for the cause to make 
itself felt, and this naturally would produce a lag. For 
example, let us suppose that it takes ten days after a 
typhoid infection for the victim to " come down " with the 
disease; then a plotted line showing by days the number 
of cases of typhoid fever would lag behind a line showing 
infection of the water-supply, -if we can imagine such 
facts to be plotted. Conversely, if we had the two plotted 
lines we might compute the length of the incubation period 
of typhoid fever by measuring the Jag. If the comparison 
is between the dates of infection and the dates of deaths 
from typhoid fever, then, of course, the Jag is much longer 
as it includes not only the period of incubation, but also 
the run of the disease, and this is not the same for all 
persons. 

A device sometimes used is the "set back." If we are 
comparing two c_urves, one of which is supposed to represent 
the cause of the other, we may plot the causal curve on the 
true dates and we may set back the dates of the resulting 
curve hy an amount equal to the lag. Correlation will 
then be indicated by the correspondence of the curves. 
This presupposes that the amount of the lag is known. 

In comparing lagging curves which are apparently correl· 
ative it is important to distinguish between cause and 
effect. As we have reiterated, it is not the function of 
correlation to demonstrate causality. 
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Fig. 72 is an example of the use of the set back. This is 
11 correlation between typhoid fever deaths and atmospheric 
teroperatures, the deaths being set back two months. 

Coefficient of correlation and the lag.- It is possible to 
deal with the lag analytically instead of graphically. We 
may find that by comparing two series of statistics, date 
for date, the coefficient of correlation is low; by setting one 
series back a day and recomputing the coefficient we may 
find it higher; by setting back two days the coefficient may 
be higher still; and by using greater set backs the coeffi· 
cient may increase to a maximum, and beyond that point 
it may decrease. The set back which "produces the highest 
correlation may be taken as a measure of the lag. 

All such matters a.s these are fully discussed in the text
books of general statistics. 

Other secondary correlations. - Sometimes the second· 
ary character of a correlation is not as clearly revealed as 
in the case of two plotted lines with common abscissre. It 
has been noticed that poliomyelitis cases seem to follow · 
the river valleys; what is the real correlation here? It 
does not appear to be a direct correlation. One says that 
fieas are correlated with the river valleys, and that, secon
darily, the disease is correlated with the fiea.s; another says 
that the lines of transportation are along the river valleys 
and that the real correlation is between poliomyelitis and 
the contact of people incident to intereommunication, 

The whole matter of correlation is almost inseparable 
from the sci<mce of logic. 

The epidemiologist's use of correlation.- Epidemiology, 
a branch of medical science, is based fundamentally on the 
laws of cause and effect. The epidemiologist is continually 
searching for the cause of outbreaks of disease in order that 
they may be checked and future outbreaks prevented. In 

. his studies he u.ses statistics continually and is of necessity 
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might.ily interested in correlation. The successful epi
demiologist must have a nose for facts, must be able to 
analyze these facts skillfully and draw logical conclusions 
from them. 

The influence of a particular factor as a cause of disease 
is often studied by means of statistics. For example, the 
filtration of a public water-supply may be !allowed by a 
reduction of the typhoid fever death-rate among the water 
takers. This is a sort of correlation, - one change being 
followed by another. We know, moreover, by inductive 
rea.soning from many such occurrences in the past and !Llso 
from experimental evidence that this is a correlation which 
implies causality. In using this method of reasoning, how
ever, it is important to know that the change in the water
supply was the only change which occurred. 

There are scores of instances where this method of 
reasoning has been used. In Panama the abolition of the 
mosquito reduced the death-rate from yellow fever. The 
evidence points to this as a clear-cut case not only of cor
relation, but causality. In Panama also the malaria has 
been greatly reduced since the anti-mosquito work was be
gun. But here we find that quinine has been used as an 
additional agent of prevention. In this case therefore we 
have had two factors changing at about the same time. 
From experimental evidence there is no doubt in regard to 
the causal relations between malaria and the Anopheles 
mosquito, but statistically the evidence is not as strong as 
in the case of yellow fever. 

In some of the old studies of typhoid fever it was found 
that the death-rate decreased after the introduction of a 
sewerage system. This was accompanied by an abolition 
of house privies. Now it was probably the abolition of 
the old privies, not the building of the new sewers which 
produe<id the result. In other cases a public water-tlUpply 
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·Was installed at the same time that the sewers were built. 
·A reduction in the typhoid death-rate following these events 
!ll8Y have been due to either or to both. 

The fact should not be overlooked that when epidemics 
occur there is not infrequently more than a single factor 
involved. Sometimes an outbreak can be traced to a 
single initial case, but just as in lighting a fire the match is 

· applied to the paper, the burning paper sets fire to the 
kindling and the burning kindling sets fire to the coal, so a 
single case may start infections which may be scattered in 
various ways. It is important for the epidemiologist to 
find all of these methods of transmission. 

Sometimes the epidemiologist is obliged to base his action 
upon statistics which show correlation without waiting to de
, termine whether this correlation also means causation. For 
example, in the recent pandemic of influenza a certain vac
cine, supposed to have a prophylactic value, was used upon 
several hundred persons. The question arose, " Shall this 
vaccine be distributed and generally used? " The data first 
collected showed a fair degree of correlation between the use 

· of the vaccine and apparent protection against the disease, 
·· and on the strength of this finding the vaccine was dis
tributed. Later studies, however, failed to corroborate the 
correlation at first noticed, and showed that there was no 
causal relation between the usc of the vaccine and failure of 
persons to take the disease. It was really a case of correJa.. 
tion without causation,- post hoc non propter hac. And yet 
the health authorities, compelled to take action one way or 
the other, were right in basing action on the supposed corre· 
lation. 
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EXERCISES AND QUESTIONS 

1. Is there a correlation between ~pidemics of poliomyelitis and rain
fall? [See Am. J. P. H., Sept., 1917, p. 813.] 

D. le there a higher correlation between tliea and dlarrhooal dilleases 
e.mong children than betweeu diarrhooal dilleases and other faetol'!l? 
[See Am. J. P. H., Feb., 1916, p. 143, also Mar., 1914, p. 184.] 

8. Is there a correlation botwoon pneumonia aru:l inJ!uenza! Is 
there a causal relation? [See Am. J.P. H., Apr., 1916, p. 316.] 

4. Is there a eorrei&tion between tubereuloeis and housing? [See 
Am. A. J.P. H., Jan. 1913, p. 24.] 

D. Look up Dr, Fulton's extravaganza on the subject of statistical 
logic as applied to the problem of prostitution. [See Am. J. P. H., 
July, 1913, p. 661.] 

e. Study the correlation between plague and fleas. [Am. J. P. H., 
Aug., 1918, p. 572.] Is there strong presumptive evidell<le that in· 
fantile paralysis is spread by fleas? 

'1. Express MilPs three canons of logic in your own words. 
8. Give examplee of each in the field of epidemiology. 
9. What is meant by quantitative induction? What part do alalia

tics play in this? [See Jevon's Loosons in Logic, Chap. XXIX.] 
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LIFE TABLES 

To the popular mind there is something mysterious and 
awesome about a lifo table. The insurance agent, wishing 
. tO sell you a policy, asks your age, consults a printed table 
and tells your "expectation of life" 88 so many years. What 
does this mean and how does he arrive at this expectation of 
life? It does not mean that you will live so many years and 
then die. It means that it has been found in the past that 
most men who have attained your age have lived so many 

. years after reaching that age. It cannot apply to everyone. 
You may live to be a hundred years old or you ma.y die 
to-morrow. The future is uncertain for every individual. 
But the probability of your future longevity can be deter
mined by making a statistical study of a large group of people 
who have attained your age, to find out the average number 
of years which they lived after reaching that age. Instead 
of using the average, i.e., the mean we might find the median 
nwnber of years lived, or even the mode. All three methods 
have been suggested, but that ba.'l<ld on the mean is the one 
commonly used. Thus we see that there is nothing mysteri
ous about the "expectation of life"; it has no divine origin. 
It is merely the application of the ordinary methods of 
statistics to the experience of mankind in living beyond a 
given age. 

Probability of living a year.- Although the expectation 
of life is used by insurance agents to impress the prospective 
purchaser with the fleeting character of human life, the rates 

479 
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of insurance are not based directly on this expectation, but 
on the probability of a person of given age living to be one 
year older. It is this chance of living from year to year, 
coupled with the growth of money at compound interest 
which determine!! what premium the insured at any age must 
pay. These actuarial methods are too complicated to be 
entered into here. In the very early days life ins1uance was 
virtually a lottery; now it is based on experience. If, as a 
result of better living conditions, the longevity of the insured 
is greater than the experience upon which the rates were 
based, the insurance company is the gainer because the 
premiiiiDil are continued for a longer time and the final pay
ment of the policy is postponed. If the company is a so
called mutual company, the benefit of increased longevity 
of the insured is distributed among the policy holders in the 
form of rebates. But should the longevity of the insured 
prove to be less than the experience upon which the rates 
were based the opposite condition would prevail. 

What is the chance of a person living from year to year? 
Obviously it is one minus the chance of dying. The chance 
of dying within one year at any age is nothing else than our 
old friend the specific death-rate for the given age. Thus if 
at age 20 the specific death-rate is 7.80 per 1000, the chance 
of dying within the year is 780 in 100,000, 0.0078 in 1, or 1 
chance in 128; at age 50 the chance is 0.01378, or 1 in 73; 
at age 70 it is 0.06199 or 1 in 16; at age 80 it is 0.14447, or 
1 in 7; at age 90, it is 0.45454, or 1 in 2.2. 

The chance of living through the year is 1 less the chance 
of dying. At age 20 the chance of living through the 
year is 99,220 in 100,000, i.e., 0.9920; at age 50 it is 0.98622; 
at age 70, 0.93801; at age 80 it is 0.85553; at 90 it is 0.54546. 
Or, to put it in another form,- at age 20 the1chanee of living 
a year is 99.2 in a, hundred; at age 50, 98.6; at age 70, 93.8; 
at age 80, 85.5; at age 90, 54.5 in a hundred. 
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Thus a column showing for each age of life the probability 
·of living a year can be made by subtracting the yearly 
. specific death-rates from unity, and expressing the results 
in decimal parts of 1. We might call these specific lif&-rates, 
as they are the converse of the specific death-rates, 

This specific life-rate is never used in ordinary discussion, 
and there is little reason for using it, as it is probably better 

. to think in terms of specific death-rates. It is the deaths 
which we are always trying tn postpone. A table of specific 
death-rates and specific life-rates would look like this. 

TABLE 1M 

·SPECIFIC DEATH-RATES AND SPECDIIC LIFE-RATES 

(Abridged from the Allletlcan Esperience Mortality Table.) 
---------

Aif>. Populu.tion alive at 
mid-yeer. 

Speeifl.e deu.th-rate )'til' 
UJO,OOO (Dumber dyuJg 

Specific life-rate per l(J(J~O 
(tnunber livin& thl'llut 

l:t.ntltla.ily). the year). 

-- ---------·- -
(I) (2) ('!) (') 

10 100,000 749 99,251 
:ao 100,000 '/80 99,220 
30 100,000 843 99,157 
40 100,000 979 99,0:11 
50 100,000 1,378 98,622 
60 100,000 2,669 97,331 
70 IOO,{K}(J 6,199 93,801 
gg. 100,000 14,447 85,553 

100,000 45,454 54,546 

One reason why specific death-rates are not used more 
commonly is because people do not clearly understand them. 
The base, i.e., 100,000 persons, remains constant for all ages. 
Actually the number of penons alive is constantly decreasing 
as age advances. One says "you start with 100,000 persons 
at age 10 and kill off 749 in one year, but the next year you 
have 100,000 again.~ I don't understand it." 
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Now life ts,bles are definitely related to specific death-rates 
and they take into account this decreasing population. 

Mortality tables. - In order to make a life table we may 
first select some large class of people and determine the 
specific death-rates for each year of age. We st>trt with a 
certain number of people alive at a certain age. The in
su:rnnce companies commonly use age 10 because moat 
insured persons are older than that, but we might use any 
other a.ge. We might use age 0, and in making a life table 
for a general population this would be done. As an illustra
tion, however, let us take the American Experience Mortality 
Table, which st>trts at age 10 and which is limited to males. 
Another reason for taking age 10 is that it is a round number 
not far from the age at which the specific death-rate is the 
lowest. 

]<'or convenience we start with 100,000 as a round number 
of persons alive at age 10. This number is called. the radix 
of the computation. We might use a million or a thousand, 
but the former is hardly warranted by the precision of our 
spf)Qjfic death-rates, while the latter gives too many decimals .. 

In the t>tble, column (1) gives the age, and column (5) the 
corresponding specific death-rates obtained from the original 
data. In column (2) we start with 100,000 persons alive at 
age 10, of these 

92,637 lived to age 20 
85,441 " " 30 
78,106 " " 40 
09,804 " " 50 
57,917 " " 60 
38,569 " " 70 
14,474 " " •80 

847 " " 90 
0 " " 96 

These figures were obtained as follows:- 100,000 were 
alive at the beginning of ~e 10 and 749 per 100,000 died 
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TABLE 155 

AMERICAN EXPEIU:&NCE MORTALITY TABLE 

483 

No. of No. dy. No. ol No. dy~ 
NUUl" Nunt- years ingof Num- 1\'um• years ingol 

. /l.f;e. her bet expect. eR<lb Age. bet ber expect- each 
living, dyiua. nt.ion of 100,000 living. dying. e.t.t(m of 100,000 

life. a.nnualb'. life. ~nnuatly. 

-.rr -m- -m- <.-r--,-.)- (l) -<;r -,,-)-~or-
1'0 iOO,OOO -7i9-~ ~ ~3- 6-ii97 __ , 1,091 18.79 1,633 

U 99,251 746 48.08 752 1H 65,706 1,143 18.119 1,'140 
1t 98.505 743 47.45 754 35 64,068 1.199 17.40 1,851 
ts 97,76z no 46.80 1111 56 aa,aat 1.200 16.72 1,988 
tj 97,022 137 46.16 i60 57 62,10{ l,JU, 16.05 2,133 

18 96,285 785 45.30 '1'63 68 60,770 1,394 15.30 2,294 
16 9.5,11.'10 732 44.85 786 69 .')9,386 1,468 14.7f 2,472 
17 9U18 729 41.19 769 00 .'17,917 1,543 14.10 2,~ 
18 04.089 727 43.63 773 61 M.371 1,628 13.47 2,888 
19 0&,362 725 42.87 '17& 62 M,743 1,713 !2.86 3,1~ 

20 92',637 723 42.20 780 63 153,030 1,800 12.26 3,894 
21 ot,9t4 m 4t.5a 7SI5 64 t5t,23o t,ss9 tt.67 3,687 
22 91,192 121 40.85 '191 65 49,341 1,980 11.10 4,013 
23 90.4'11 720 40.1'1 'l96 66 47,361 2,070 10.54: 4,311 
24 mt,7&I 719 39.49 801 67 45,291 2,158 to.oo 4,765 

:u; 89,032 11s 38 81 806 oo: 43,ta.1 2,m 9.t7 a,200 
,., 88,314 71B 38.12 813 61l 40,800 2,321 8.97 .5,676 
'17 87,596 718 37.43 820 70 38,569 2,8!H 8.48 6,199 
28 86,878 718 36.78 826 71 36,178 2,443 8.00 8,766 
29 86,!1.10 710 38.03 834 72 3.1,180 .11:,481 1.35 7,313 

30 85,441 720 3&.33 843 '13 3Ut3 2,60!1 7.11 8.018 
31 84,721 721 34..63 851 14 28,138 2,501 IUS 8,703 
82 84,000 723 33.92 661 76 2{1,237 2,476 6.27 9,437 
33 83,277 726 33.21 872: 7(1: 23,761 2,431 15.88 10,231 
81 82,Ml 729 32.50 883 77 21,380 2,359 li.49 11,106 

35 81,822 132 31.78 S9S 78 18,961 2,291 6.11 13.083 
36 81.(WO 737 31.07 909 79 16.670 2,196 4.7t 13,173 
37 80,358 742 3o.a& 923 oo 14,474 z,mn t.ao 1ot,4t7 
38 79,611 749 29.62 941 81 12,383 1,\}M 4.06 16,8&0 
39 78,8!12 736 28.90 9.59 82 10,419 l.SlG 3.71 17,430 
40 78,106 7116 28.18 970 83 8,003 1,648 3.3t Ht,156 
41 77,341 774 27.45 1,001 84 6,955 1,470 3.08 21,136 
42 76.~7 786 26.7.2 1,f45 8$ 5,t85 !.292 2.17 28,5155 
43 75,782 797 26.00 1,()6:1 86 4,193 t,1J.1 :U7 26,588 
44 74,985 812 21L't7 1,083 87 !.MI'19 933 2.18 30,302 

45 74,173 828 24.t:i4 1,116 8B 2,146 744. 1.91 34,660 
46 73.345 848 23.81 1,156 89 1,402 555 1.66 :W,686 
41 '12,4ln' 8'ro 2'3.08 1,200 00 847 385 1.42 4&.4U 
.f.$ '11.627 89fl 22.86 1,231 91 4.62 24& 1.1!) £.3.247 
49 '10,731 927 21.63 1,311 92 216 137 0.98 63,426 

50 6\),804 962 20.91 1,318 &3 79 53 0.00 73,418 
51 68,842 1,001 20.20 1,4M H 21 18 0.64 B$,714 
52 67,8H 1,04.4 10.49 1,53~ 91.i 3 3 0.50 100,000 
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during the year. Consequently, the number alive at age 11 
Wall 100,000 - 749 = 99,251. In the next year the specific 

. death-rate was 752 per 100,000. The number dying was, 

therefore, 99,251 X 1~~i:oo = 746, and the number alive at 

age 12 was 99,251 - 746 = 98,505. And so on. The num
ber dying each year is given in column (3), the number living 
in column (2). At age 96 all were dead. 

These are the facts of the case, now how shall we use them? 
There are three ways, whieh correspond to the mode, the 
median and the mean, and they are called respectively the 
"most probable life-time, 11 the "Vie Probable, 11 and the 
" Expectation of Life." It might be better to call these 
respectively the "modish expectation," the "median ex
pectation," and the " average expectation," but the old terms 
are here used for purposes of identification. 

The "most probable life-time."-The figures in column 3 
form a frequency curve, the mode of which is 2505. There 
are more deaths at age 73 (i.e., age 73-74) than at any other 
age. 73 is the fashionable, modish age to die. The chance 
of dying at that age is greater than at any other age. 

The difference between a given age and 73 years is called 
"the most probable life-tin1e." At age 10, it is 73 - 10 = 
63; at age 20 it is 53; and so on. Above the age 73 the 
"most probable life-time" becomes a negative quantity, and 
this is the objection to the use of this computation. It is 
applicable only to the firBt part of the frequency curve. 

The "Vie Probable."- The "Vie Probable" is the 
number of years which a person (at a stated age) has an even 
ehance of living. It is the difference between a given age 
and the age at which the number of persons alive is one-half 
the number alive at the given age. The latter is the median 
age to which the persons who passed the given age lived. 

At age 10 there are 100,000 persons alive. One-half of 
this number, i.e., 50,000, are alive at age 64.5:1::. Hence 
64.5 - 10 = 54.5 is the "vie probable." In this period of 

' time the chance of living or dying is just even. 

J 
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·At age 20, there are 92,637 persons alive. One-half of this 
punbex, i.e., 46,318, were still alive at age 66.5. Hence the 
j"vie probable," for age 20 is 66.5 - 20 = 46.5 years. 
i' .The "Expectation of Life." -The " Expectation of 
'life" means the average nwnber of years that persons of a 
'rn age will probably survive. It is obtained by finding . 
.the average of the lengths of life of aJl the persons who lived 
beyond the given age. 

Thus of the 100,000 alive at age 10, 3lived to the age of 95, 
t.bat is, they lived for (95 - 10 =) 85 years after the age of 
10. 211ived to age 94, i.e., 84 years. But these 21 include 
t,be 3 who lived to age 95, so there were 18 who lived 84 
years. 79 lived 83 years, but these include both the 3 and 
the 18, so in addition to them (79 - 21 =) 58 lived 82 years. 
And so on. The weighted averages of aJl of these lives gives 
what is called the expectation of life. These results are 
pven in column ( 4). 

In obtaining the fijprres for column (4) it is most con· 
venient to begin at the higher ages and work backward. 

At the beginning of age 95, there were 3 persons alive; at 
the end there were none alive. Not knowing at what part 
of the year they died the best a.~sumption is that they died 
(on an average) at the middle of the year, i.e., they lived 
one·httlf year. Hence at age 95, the average length of the 

lives was 3 ~ t - 0.50 year. This is the expectation of life 

at age 95, 
At age 94, 21 persons were alive. 3 of theee lived H years 

each; the other 18 died within the year, and may be said tO 
have lived one-half year. Hence we have: 

SX1.5~ 4.5 
18 X 0.5 = 9.0 
21 13.5 and 13.5 + 21 O.M yr. 

Hence at age 94 the expectation of life is 0.64 year. 
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At age 03 we have: 

3 X 2.5- 7.5 
18 X 1.5 27.0 
58 X 0.5 - 29.0 
79 63.5, and 63.5 + 79 • 0.80 year. 

In this way we find that at age 10, the average number of 
years lived by those who passed age 10, was 48.72 years. 
At age 20 it was 42.20 years; at age 30 it was 35.33 years, ete. 

Comparison of the three results.- The U. S. Life Tables 
for 1910 give the "complete expectation of life" (computed 
on the basis of the mean), and from the tables may be ob
tained the "most probable life-time" (based on the mode) . 
and the "vie probable" (based on the median). 'l'he follow
ing figures give the results for age zero, that is, they show 
the expectation of life at birth. 

TABLE 156 . 

COMPARISON OF "EXPECTATION OF LIFE," "VIE PROB· 
ABLE" AND "MOST PROBABLE LIJI1l-TJ1111E" 

-
Original ~tion states. 

Expoota.- ! .. Vie prob-
tion of life. abll'l." t 

Most furob· 
ablel ·eo 

time. CMe&ll.) (Median.) (Mode.) 

------· 
(I) (2) (>) (4) 

White IMles., ...................... 5023 59.30 74.0 
White females, . , ............... , ... 53.62 63.27 73.5 
Negro males .... , ..... , ............ 34.05 34.85 59.5 
Negro females ......... , ............ 37.67 40.58 65.5 

White males in cities., ... ,,, .• , ..... 47.32 55.00 68.5 
White 1nales in rural part ....•...... 55.06 65.33 76.5 
White females in cities ...... , .... , , . 51.39 60.73 71.5 
White females in rural part .......•.. 57.35 67.38 76.5 

Males in Mo.,.aehuaetts ............. 49.33 53.82 69.5 
Females in Massachusetts .. ......... 53.06 62.74 74.5 
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Life tables based on living population. -Life tables may 
also be computed in another way. They are based on the 
.population living at each age as shown by the census returllll 
or by data collected by the insurance crunpanies. Thus we 
may assume that the figures in column (2) have been ob· 
ta.ined in this way. If we start with 100,000 persons alive 
at age 10 and find that 99,251 were alive at age 11 then the 
number of deaths during the year must have been 100,000 -
99,251, or 749. Between ages 11 and 12 the deaths were 
99,251 - 98,505, or 746; and so on. By this method we 
compute the deaths, and we may also compute the specific 
death-rates for each age. This method justifies the use of 

. the term life tables, as the results are based on the living and 
· not on the dying. It is obvious that migrations of population 

interfere somewhat with this method. It is obvious, also, 
that concentratiollll of population on the round numbers 
present another difficulty. As a matter of p1·actice the 
ragged data must be smoothed out before a life table can be 
constructed; otherwise the computed expectations of life 
would themselves be erratic. These errors of round numbers 
creep into the computations of specific death-rates, so that 
in any case it is necessary to do a certain amount of "smooth
ing" before computing life tables. One method COIIUllonly 
used is that known liS "osculatory interpolation," which 
may be found described in such books liS Vital Statistics Ex
plained, by Burn. 

Still another method of computing a life table is to base it 
wholly on the distribution of deaths, making use of certain 
mathematical formulas for frequency curves.' 

Mathematical formula for computing the expectation of 
life. ~· There is a mathen:J.atical formula for the computa
tion of the expectation of life by the use of which the labor 
may be shortened. It is usually stated as follows: 

1 Ame Fisher. Note on the Construction of Mortality Tables by 
means of Compound Frequency Curves. Proc. Casualty Actua.rial and 
Statistical Society ol America, Vol. IV, Pt. 1, No. 9. 
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• ! I. + 1(.+1) + l<-+t) + 1(.+<1) + . . . 1 + Q 
e.= '· =2 · 
Q .. l(s+l) + l<-+t) + l(o+il) + . . .. 

z. e. = expectation of life, in years, at age x. 
Z. .. number of persons living at age x. 

1(.+1) = number of persons living at age x + 1. 
1<.-H~J = number of persons living at age x + 2, etc. 

For a more detailed description of these methods the 
reader is referred to such books as United States Life T11bles, 
19101 Bureau of the Census, prepared by Prof. James W. 
Glover and published in 1916; Life Assumnce Primer, by 
Henry Moir; Vital Statistics, by Newsholme; Mortality 
Laws and Statistics, by Robert Hep.derson. 

Early history of life tables. - It is not surprising that 
most of the life tables which have been computed have been 
confined to males of insurable age. Halley, the British 
astronomer, famous for the comet which bears his name, was 
the first to use the method. This was in 1692 and related 
to the town of Breslau. Other famous tables are the North
ampton Table of 1783, the Carlisle Table of 1815 and Dr. 
Farr's English Table of 1851. 

In 1843 seventeen English insurance companies com• 
bined their experiences and published a table known aB the 
Actuaries or Combined Experience Table. It was based on 
84,000 policies. The American Experience Table of Mor
tality, now reeogoized by the insurnnce companies as the 
standard for America, was formed by Sheppard Romans in 
1868. It is supposed to have been based on the experience of 
the Mutual Life Insurance Company of New York. 

In 1869 the HM Table was published in England. HM 
means Healthy Males. It was based on 180,000 policies. 
Then there is an OM Table (ordinary life, males) based on 
over 400,000 lives. This is the Canadian standard. 
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Reeent life tables.- In 1898 Dr. Samuel W. Abbott 
published in the annual report of the Massachusetts State 
Board of Health for that year, 1 a life table for Massachusetts. 
This is one of our best American papers on the subjoot. 

Dr. Guilfoy, the statistician of the New York City Board 
of Health, has published the following interesting comparison 
between the expectations of life in 1879-431 and 1909-11. 
The changes which have taken place during the interval am 
striking. The figures are as follows: 

TABLE 157 
APPROXIMATE LIFE TABLES FOR T:HE CITY OF NEW 

YORK BASED ON MORTALITY RETtJRNS FOR T:HE 
TRIENNIA 1879-1881 AND 1909-1911 

v .... ot -- Expectation of llfe, 
18?; ~ 18tll. 

Expeotation of life, 
1000 to 1911. 

Gain <+lor loA(~) in 
yt'IQl'a of~. 

tality, 
~ .. p.,. ~ .. p.,.. F .. p.,. ...... lllal ... ....... ...... . malea. ..... m"l'tWI. oons . maloo. OOt'J!!I• -··-····----

(1) (ll) (3) (4) (5) (6) (7) (81 (9) (10) --------------------
-5 39.7 42.8 41.3 50.1 53.8 51.9 +10.4 Hl.O +10.6 

5 44.9 47.7 46.3 49.4 52.9 51.1 + 4.5 + 5.2 + 4.8 
10 42.4 4.5.3 43.8 45.2 48.7 46.9 + 2.8 + 3.4 + 3.1 
15 38.2 41.2 39.7 40.8 44.2 42.5 + 2.6 + 3.0 + 2,8 
20 34.4 37.3 35.8 36.6 40.0 38.:l + 2.2 + 2 7 + 2.5 
25 31.2 34.0 32.6 32.7 36.0 34.3 + 1.5 + 2.0 + 1.7 
30 28.2 31.0 29.6 28.9 32.1 30.5 + 0.7 + 1.1 + 0.9 
35 25.3 28.1 26.7 25.4 28.4 26.9 + 0.1 + 0.3 + 0.2 
40 22.5 25.2 23.9 22.1 24.7 23.4 - 0.4 + 0.5 - 0.5 
45 19.8 22.4 21.1 18.0 21.1 20.0 - 0.9 -1.1 -1.1 
50 17.2 19.4 18.3 15.9 17.7 16.8 - 1.3 - 1.7 - 1.5 
53 14.5 16.4 15.4 13.2 14.6 13.9 - 1.3 -- 1.8 - 1.5 
60 12.2 13.8 13.0 10.8 11.8 11.3 - 1.4 - 2.0 - 1.7 
65 9.9 11 2 10.5 8.8 94 9.1 -1.1 - 1.8 - 1.4 
70 8.5 9.3 8.9 6.9 7.5 7.2 - 1.6 - 1.8 - 1.7 
75 7.1 7.5 7.3 5.3 5.7 5.5 - 1.8 1- 1.8 - 1.8 
80 6.2 6.5 6.4 4.1 4.5 4.3 - 2.1 - 2.0 - 2.1 
85+ 5.4 5.5 5.5 2.0 2.4 2.2 - 3.4 - 3.1 - 3.3 

+24.8 +28.7 +26.6 
Balance ............ ............ . .... -15.3 -17.6 -16.6 

+ 9.5 +11.1 +10.0 
···-···---.. ·-···----·-···· 

1 Seo State So.nitation, Vol. ll, p. 300, by 0. C. Whtpple. 
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United States life tables.- In 1916 the Bureau of the 
Census published a special r<eport entitled United States 
Life Tables, 1910, prepared under the direction of Prof. 
James W. Glover of the University of Michigan. This was 
the first report of its kind in America. The tB.blos are based 
on the general unselected population, and, therefore, differ 
from the life tables of the insurance companies. The radix 
is 1001000 at age 0. The data were obtained from the U. S. 
Census of 1910. Expectations of life were computed by 
months up to one year of age, and after that by years up to 
aga 106. Separate tables were given for males, for females 
and for both sexes combined; there were separate tablea also 
for negroes and whites, and for native and foreign born 
whites; for cities and for rura.l districts, -all of these re
lating to the population of the original registration states, 
namely, the New England states, New York, New Jersey, 
'Indiana, Michigan and the District of Columbia. Separate 
tables for males and for fema.les were given for the states of 
Indiana, M8B1i11Whusetts, Michigan, New Jersey and New 
York. 

These tables aro well prepared and their results are of much 
interest. Besides giving the expectations of life computed 
in the usual way, computations are made on the assumption 
of a stationary population, that is one where the genera.! 
death-rate is equal to the genera.! birth-rate. These have 
the advantage of excluding the effect of emigration results 
and immigration, and from them one cn.n compare the death
rates of different communities for the population above a 
given age. For these results the reader is referred to the 

. original report. 
A few comparisons.- It will be interesting to make a 

few comparisons of the expectations of life at certain ages for 
differont classes of people and at different ages. For greater 
details the reader should consult Professor Glover's report. 
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TABLE 158 

EXPECTATIONS OF LIFE, 1910 
·-·-·-·-·-·-·-··~·-·-··-·-

Agj), 
Original registrntiou aW.Ws. 0 10 20 30 

~· ------
(I) (2) (3) (t) (5) 

~ ----
Native white males . ....... 50.58 51.93 43.32 35.61 
Native white females ...... 54.19 54.43 4<1. 76 37.98 
"Foreign.born white males· ... ..... 50.30 41.75 38.71 
Foreign~born white females, 52.24 43.50 35.31 
Negro males ....... , ... , ... 34.05 40.65 33.46 27.33 
N~gro females. . . . . . . . . . . . 37.67 42.54 36.14 29.61 

White males in cities .. ..... 47.32 49.13 40.51 32.61 
White males in rural pa.rt .. , 55.06 5453 4<1.92 38.10 
White females in cities . ... , 51.39 52.22 43.51 35.52 
White females in rural part. 57.35 53.54 4!1.86 39.05 

Males in Indiana.. , . , .. , . 54.70 53.91 4<1.44 37.76 
Mttles in Michigan . ........ 53.88 54.09 4<1.57 37.76 
Males in Massachusetts . ... 49.33 51.14 42.43 34.55 
Males in New Jersey ....... 49.08 50.31 41.66 33.~ 
Mal .. in New York ........ 47.89 49.40 40.79 3:J.OI 

-
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.. !0 "' ------
(6) (7) (8) -- ----

28.32 21.20 9.09 
30.33 22.78 9.80 
26.03 19.08 8.40 
27.55 20.09 8.67 
21.57 16.21 8.00 
23.24 17.65 9.22 

25.32 18.59 8.14 
30.20 22.43 9.36 
27.88 20.53 8.99 
31.15 23.27 9.76 

29.99 22.38 9.29 
29.81 22.10 9.17 
26.97 19.79 8.58 
26.57 19.67 8.65 
25.88 19.28 8.58 

The greater longevity of females as compared with male.~ 
is ;evident throughout the tables. It is greater for native 
whites than for foreign born whites, greater for whites than 
for negroes, greater for rural distl'iots than for cities. The 
differences between the states depend upon differences in the 
composition of the population, and upon urban and rural 
conditions. 

It is interesting also to compare the specific death-rates for 
the corresponding ages. The relations between these and 
the expectations of life are in a general way reciprocal. The 
specific death-rates are lower in the rural districts than in 
the cities, especially in the early and the later yeam; in middle 
life there is less difference. The differences between whitell 
and negroes are very striking. 
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TABLE 159 

SPECI.l'!C DEATli-Il.ATES 

Ag•. 
Rcgistn,Uon J<l'OO, 0 10 20 30 40 50 70 

.20 

.93 
50 

.92 

Antidote for morbidness. The constant study of statis
tics of disease and death tends to give some people an un
wholesome view of life and causes them to devote too much 
attention to hume.n ills. It is recommended that as an 
a.ntidote for this morbidness the specific death-rate curve of 
morbidity, Fig. 67, be studied in reverse, as shown in Fig. 
88. This indicates that throughout a person's life until 
old age approaches the chance of living is far greater than 
that o£ dying. Dr. Raymond Pearl has shown that the 
extent to which humanity drops by the wayside during the 
course of life is dependent chiefly upon biological laws and 
can be modified only slightly by our public health activities. 
Let the student who is interested plot the figures in Col
umn 2 of Table 155, or better plot similar figures from Glov
er's U. S. Life Tables, which begin at birth instead of age 
ten. He will get a characteristic curve which, Dr. Pearl 
says, is similar to one he has obtained for flies, except that 
in the case of flies there is no infant mortality factor. 
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We ought not to spend too much time and thought and 
effort to keep ourselves from dying but should give far more 
attention tlutn we do to living useful and happy lives. The 
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FlO. 88. ~Specific Life--rates and Death~rates at different ages. 

best philosophical principle is not to try to stay alive but 
to live while we are alive; to" work while it is day, for the 
night cometh." 

EXERCISES AND QUESTIONS 

1. Compe.re the life table for New Haven with that for the l". S. 
Registration Area. [See Am. J. P. H., Aug., 1918, p. 580.] 

2. Compute a life table fru· some city, to be W!Signed by the in· 
structor. 

3.. Find your own 11 probability of living a year," 4
l vie probable." 

"mo~t probab1e life-tiine," and (!expectation of life." 



CHAPTER XVI 

A COMMENCEMENT CHAPTER 

This last chapter is to be something like the day after col
lege comm~ncement. On the day before, the student regards 
his work as finished; his exercises are all completed, he has 
passed his examinations, he is to be graduated. But on the 
day after commencement he finds himself plunging into a 
world of problems yet unsolved; he sees that most of the 
things he is called upon to do were not in his curriculum; 
that he must learn to do these things for himself. Little by 
little he comes to realize that what his stupid old profes
sors had been trying to do was not to tell him all there was 
to know in the world but to teach him how to think 
and how to use tools. He had heard much of principles, 
and laws and formulre and synopses and all that, and had 
regarded them as the dry parts of his courses- the neces
sary evils. But little by little he finds that these general 
principles, these almost st>lf-evident ideas, help him to solve 
his problems; that his systematic -methods of going at a 
thing help him to do his work more easily and quickly; 
that by following the dry old laws of logic, his conciiiBions 
are somehow better than those of the other fellow who does 
not take the trouble to see that all the steps in the prob
lem are " necessary and sufficient." In short, he comes to 
realize that his education has :enabled him to do his WOJ'k 
easier and better and has given him intellectual confidence. 
If it doesn't do this for him he has wasted his opportunities 
in college. 
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. , In the preceding chapters of this book the author has en• 
~vored to place the emphasis not on the subject matter 
i}lut on methods of prooedure, to outline the sim).:ller prin
ciples of the statistical method as applied to studies in 
·demography, to warn against the common fallacies which 
so often creep into discussions of vital statistics, and to urge 
!ri;udents and health officers not to be content with such 
things as general rates but to seek the answers to their' prob
lems by methods of statistical analyais and the use of specific 
rates and ratios. 

Let us now take an outlook upon some of the problems 
of demography as they come piling in upon the health officer 
from day to day. And if, for convenience' sake, we take 
them at random, one after the other, without order or system 
we shall simulate more nearly every-day practice. If we 
can solve this and that problem or if we can see the steps 
in the solution we shall know that we have acquired the 
use of the tools of the statistician, and will have confidence 
in our own studies. This chapter will also include certai11 
subjects which have not logically found a place in the pre· 
ceding chapters. Several of these subjects might eallily be 
expanded into chapters of their own. 

Milltary statistics. - In general the vital statistics of 
armies are computed in the same way as those of civil pop
ulations, but instell.d of using the mid-yea.r estimated 
population, the mean strength for the year is used as a 
basis of rates. An al'llly does not increase in numbers as a 
population grows, slowly by geometrical progression, but 
is kept up to a fairly coiiJ!tant strength or is suddenly 
increased or decreased according to demands made upon it. 
An army represents a selected population, - males be
·tween certain age limits, and above set standards of health 
and physique. Rates computed for armies are therefore 
specific rates and they must not be compared with general · 
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rates. The health of the soldiers is carefully looked after 
by the surgeons, who are obliged to keep records; henee 
the morbidity records are more complete than in the case 
of the civil population. 

Since 1894, when an international commission for the uni
fication of medical statistics met at Budapest, tables of 
statistics made up according to certain schedules have been 
published for most armies. These may be found in the 
annual reports of the Surgeon General of the U. S. A. In 
the report for 1916 we find that in the entire U. S. army 
of 93,262 enlisted men in 1915 the sick admissions "to quar
ters " and " to hospitals" amounted to 745 per 1000. 
This does not mean 745 different men, for sometimes the 
same man was admitted more than once. Of these 96 per 
cent returned to duty, i.e. recovered, 0.65 per cent died, 
and 3.4 per cent were " otherwise disposed of." The 
death-rate for the me.an strength was 4.6 per 1000. The 
annual number of days lost through sickness was 9.44 for 
each soldier, or 12.7 for each " admission." In the pub
lished tables the figures are classified according to the 
location of the troups, the rums of the service, the season, 
the larger garrisons, and according to the cause of the sick
ness or death .. It should be observed that in the interna
tional tables for the army the international list of diseases, 
as given on page 257, is not followed. The Surgeon General 
of the United States uses it, however, in the body of his 
report. 

In 1915 in the entire U. S. army (103,842 officers and 
enlisted men) the following were the rates per 1000 of 
mean strength: 
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TABLE 160 

VITAL STATISTICS OF U.S. ARMY: 1916 

llo ... 

From di11e».$l!l. From inJury. Total. 
-------···-··· :_ 

(() (2) (3) (4) -
Admission8 . ................. 597.0 129.2 726.2 

D~~~b~. ~~. ~.e~~~~~~. ~.r. 12.6 1.4 14.0 
Died ........................ 2.5 1.9 4.4 
Totallo ...................... 15.1 3.3 18.4 

The percentage of soldiers constantly non-effective was 
2.5 per cent. 

If we look back a few years we find that the health of 
the army has been improving. 

TABLE 161 

HOSPITAL ADMISSION RATES AND PERCENTAGE 
OF NON-EFFECTIVES, U. S. A. 

Y~r. Admis&ion.mte N on-ttffectiVCifl, 
per 1000 pet cent. 

II) (2) (3) 

1006 1118 4.8 
1007 llOZ 4.4 
1908 1079 4.2 
1909 964 4.1 
1910 870 3.5 
1911 858 3.2 
1912 806 2.9 
1913 666 2.4 
1914 660 2.4 
1915 726 2.5 
1916 597 2.5 
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Army diseases. - In the consideration of army diseases 
one must distinguish between pea.ce times and war times; 
one must also distinguish between the diseases which cause 
death and those which render the men non-effective. 

In 1915 the specific death-rates among the American 
enlisted men in the U. S. A. were, in order of their im
portance, as follows: 

Per 100,000 

Tuberculosis. . . .. . .. . . . . .. • . . . .. . . . . . . . • .. . . . • 33 
Pneumonia (lobar) ...... , . . . . . . . . . . . . . . . . . . . . . 31 
Organic heart disease ...................... , , , .. 23 
M.,..l.,, ........................... , ..... , .... 23 
Appendicitis . . . .. . . .. . . .. .. .. .. .. .. .. • .. . • .. .. 13 
Epidemic oorobtCHipiual meningitis .. . , ....... , . , 11 

The principal causes of discharge were: 
Put 1000 

Mental alienation ....... , ..... , . , ...... , .. , , 3,30 
Tuberculosis . , ... , , .. , .. , . , ... , . .. . .. • • • . • • • 1. 79 
~"!at foot.................................... 1.25 
Venereal disesse ............. , ..... , ...... , .. 0.82 
Epilepsy.. . . . . . . . . . . . . . .. . . . . . . . .. . . . . .. . .. . 0.69 
Qrsanic hea:rt disease .... , . . .. .. .. .. .. .. .. .. . 0.00 

The admission and non-effective rates for white enlisted 
men were: 
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TABLE 162 

ADMISSION RATES AND PERCENTAGE OF NON·El!'l!'ECTIVES 
!!'ROM PARUCULAll DISEASES, U. S. A • 

. Venereal diseases, . , , ... , ......... . 
Tuberoulooia .. , . , .............. .. 
Meut9.l alienation ................. . 
Bronchitis ........................ . 

. Tonsilitis ......................... . 
Al>pe~icitis ..... , .... , .... ,., ... . 
M&la.rta. ••........................ 
MumJJS ..... , .................... . 
Influenza ....................•.... 

: Diarrhcea and enteritis ..•....•.... 
Mea.sles ........................ ,. 
Articular rheumatism ............. . 
Hernia ........................ , .. . 

.Admla!tion rate. Non-etfectivel9, 1 
lJel' 1000 per cent • 

106 
3 
4 

35 
47 
9 

24 
10 
35 
32 
7 
6 
4 

0.47 
0.17 
0.09 
0.06 
0.07 
0.06 
0.01> 
0.01> 
0.01) 
0.04 
0.05 
0.04 
0.04 

In war times we have to consider the venereal diseases, 
syphilis, gonorrhooa, etc.; the dia.rrhreal diseases, typhoid 
fever, cholera, dyaentcry; the insect-borne diseases, typhus 
fever, relapsing fever, trench fever, malaria, etc.; scurvy 
besides all sorts of diseases associated with wounds. No 
attempt will be made here to discuss these war diseases, 
because the Great War will yield statistics better and 
more complete than any which we now have. Some day 
it will be in order to make comparisons between the 
Civil war, the Spanish war and the present Great War. 
We shall then see what enormous strides have been taken 
in sanitation, in the use of antitoxins, in providing proper 
food, in the enforcement of the rules of personal hygiene, 
in the treatment of the sick and wounded, in the ambulance 
and hospital service, in the protection of the health o£ the 
civil population in war tim~ in f<~Ct.ory and home. One 
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gratifying result of the war seems assured- a world-wide 
up-lift in public health. We sWl hereafter need world
wide vital statistics, that is, we shall need the science of 
demography. 

Etl'eCt of the Great War on demography.- A thousand 
and one questions have arisen as a result of the war. 

What effect did the war have on the marriage-rates, 
birth-rates and death-rates? A big hole was made in the 
male population for the ages of youth and early manhood; 
fewer young men of twenty in 1920 will mean fewer men of 
thirty in 1930 and fewer men of forty in 1940. How will 
this alter the general death-rate? Will the birth-rate rise 
as a natural reaction to war's destruction or will hard 
economic conditions keep it low? Can we learn anything 
from past wars on this matter? 

Typhoid fever, the past scourge of armies, has been al
most completely conquered. Will the venereal diseases 
also be conquered? Will the Great War point out the way 
to this end? And what about tuberculosis, the scourge of 
Europe? Will typhns fever and enteric fever move westward 
from Eastern Europe over the west? 

What has been the effect of reduced food rations on health 
and physique? Will the loss of the most vigorous young 
men lower the standards of physique by hereditary in
fluences? 

Will the leseons in hygiene and sanitation be so well learned 
that their benefits will offset other baneful influences of the 
war? 

We knew approximately the standing of the nations 
before the war as to population, natural rates of growth, 
migrations, death-rates, and so on - how will these nations 
stand after the war? Who will be the greatest losers? 
What wm be their most serious losses? 
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Such questions a8 these will force themselves upon us for 
. many years. Demography will be the science looked to for 
the answers. 

Hospital statistics. - There are many hospitals in the 
country and they are an increasingly important factor in 
the control of disease. Some of these hospitahl keep good 
reeords of their cases and some publish them. Other hos
pitahl keep very inadequate records and publish nothing. 
Unifom1ity in this matter is most desirable, as a good op
portunity for collecting facts relating to certain non-report
able diseases and valuable data which woiild show their 
fatality are being lost. Adequate records of diagnosis, 
methods of treatment and results would help greatly in 
appraising the value of medical practice and in improving 
the efficiency of the hospitals themselves. 

Several plans for unifying hospital statistics have been 
suggested. Dr. Charles F. Bolduan,' of the New York 
City Health Department, suggested the idea of a uniform 
discharge certificate, to be filled out for each case on leaving 
a hospital, and filed with the local health authority- a 
certificate comparable to the ordinary death certificate. 
Another method is to have the annual reports (or nionthly 
reports) made out on. some fixed schedule. of statistics and 
submitted to some central authority.' Perhaps the U. S. 
Public Health Service may some day take the lead in the 
collection of the important data to be secured from hospitals. 

Pearl has given the following list of items which should he 
included in a hospital case record: -

1. Case number. 
2. Service number. 
3. The patient's name. 
4. Diagnosis. 
5. Sex. 
1 N. Y. Medical Journal, Mar. 29, 1913.. S!li' .lilw po,ge 471 • 

. • Amer. Jour. Pub. Health, Apr., 1918. 
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6. Social status (single, married, widowed, divorced). 
7. Age. 
8. Occupation. 
9. Body weight. 

10. Stature. 
11. Race. 
12. Birthplace. 
13. Service under which patient was treated. 
14. Date of admiasiou to hospital. 
15. Duration of stay in hospital. 
16. Time from onset of diagnosed condition to admission 

to hospital. 
17. Condition at admission. 
18. General health of patient prior to present illness. 
19. Whether there is any family history of the diagnosed 

disease. 
20. Whether a first entry or a readmission. 
21. Whether a free, a paying, or a part-paying case. 
22. Condition at discharge. 
23. Whether or not an autopsy was performed. 
24. Autopsy number, if any. 
25. Nature of treatment. 
26. Complicating pathological conditions, additional to 

the one diagnosed. 
Statistics of industrial disease. - Statistical studies of 

industrial diseases are becoming increasingly numerous. 
It is a most complex and diffiuult branch of the subject. 
At the outset we are met with the fundamental difficulty of 
defining occupations. The extent of this difficulty may be 
appreciated from the fact that in 1915 the U. 8. Bureau of the 
CHnsus published an " Index to Occupatiollll" which covered 
over four hundred pages and included 9000 occupational des
ignations. The report makes 215 main classes, 84 of which 
aw .sul?(iivided. This list has been given in Chapter IX. 
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A second difficulty is due to the migration of laborers 
.. from place to place, and from one class to another. A 
'third, which grows out of the other two, is the difficulty of 
' getting constant, well-defined classes to serve as the basis 
of 'the computation of rates and ratios. A fourth is the 
of't repeated error of concealed classification. These and 
other minor difficulties have compelled us to resort to the 
use of specially gathered statistics, which are often not 
truly representative of the conditions discussed. 

For example, the Massachusetts General Hospital re
cently made a study of lead poisoning in its Industria.! 
Clinic. During the first year of this clinic 148 cases of 
lead poisoning were diagnosed in the hospital as against 
147 during the previous live years. 

This was found by sifting out of the hospital admissions 
jJy a trained worker those suspected of being exposed to 
special industrial hazard. A study of these 148 cases gave 
an industrial distribution as follows: 

TABLE 163 

Occupation. ~;::!!:f. ,_N_:'_.,_~~ J-"'-"f_,"""_,."_J._ 

(I) - __ c::__l-~- ··--(')--
Painters.... .. .. .. . .. .. . .. .. . . .. . . . 217 68 

Hou.e........ . . . . . . .. . . . .. .. . .. . 06 

sh?;;:~ a:n",r~.;.;.;: ;.;,;,d· ·:::::.: ·:.:: .. ·54.. ~ 
Rubber workel'l!.. .. .. . .. .. .. .. .. . .. 169 11 
Br ... loundrymen............... . . 9 4 
Lead and lead OJtide worker.. .. .. .. .. . .. .. 6 
Plumbers ...... ,................... 42 8 
Printel'l!.. .. .. .. . .. . .. .. .. .. .. .. .. . 64 11 
Miscellaneous..................... 135 14 
Non-indll8trW..................... 10 
Total. .. .. .. .. .. .. .. .. . .. .. .. .. . .. . -"T<ill'" 

31 

... ao··· 
7 

44 
... iil"' 

17 
10 
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An attempt to ascertain the rate of attack was made by 
ascertaining Ill! well as possible the number of persons ex
posed. These rates are, of course, far too high; 31 per cent 
of all painters did not get lead poisoning, but only 31 per cent 
of the expoeed persons who were sorted out in this indus
trial clinic. The report does not err in this respect but the 
reader may get a false impression unless he reads thought
fully. The underlying idea of this clinic is excellent and 
the work, interrupted during the war, has already yielded 
excellent results. The danger of lead poisoning of men en
gaged in certain occupations in ship-yards has been clearly 
shown. 

Economic conditions and health. - Poverty and disease 
mutually influence each other. We cannot expect to solve 
the problem by attacking either alone. It is most diffi
cult to separate cause from effect. In fact, there Is a third 
major factor which we may call ignorance - and all three 
are mutually dependent. Then there are many minor 
factors. 

We can correlate these things by statistics, and that is 
worth while because it calls attention to the problems; 
but the plan of attack must rest upon the fact that the 
different conditions are mutually related. If we help ouly 
a little to raise the economic and hygienic conditions the re
sult is an accelerating social advance; to aid one withqut the 
other does not bring about permanent betterment. 

A glimp.se at these mutual relations, as shown hy W ari'en 
and Sydenstricker,' is instructive. They classified the 
health of certain garment workers with respect to the annual 
earnings of the heads of families as follows: 

' Pub. Health Reports, May 26, 1916, p. 1298. 
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TABLE 164 

HEALTH OF GARMENT WORKERS - ·-
Annual e~t.tni.Pgs. - .......... ""' ··-··------- ···-···· 

(1) (2) (3) (t) 

Number ~rsons ..... . ' . . . . ' . ' . . ' 881 581 462 
Ave. ann earnings .................. $382 $577 $866 
Ave. rate of weekly earninfS .......... $19 $23 $27 
Per cent which actual earnmga were of 

max:imum possible earnings ...... , ... 88% 48% 6~ Maximum possible earnings for year ... $988 $1196 $1 

Ave. number of persons \:r Camill" .... 5.36 5.38 4.88 
Ave. number of children rn per a.mily 3.78 3.34 2.75 
Ave. number of children living per 

family .............................. 2 99 2.78 243 
Ave. number of children dead per fsmily 0.78 0.58 0.32 

Infant mortality rate .................. 206.9 167.2 116.5 
Per cent of male m&rried garment 

workeN who were re;or.p; nourished., 25.00 15.00 12.72 
Ave. hoomoglobin im e:~e:, alquist ...... 85.94 86.99 87.35 
Per cent with bremoglobin index under 

80 ................................. 9.94 5.65 442 
Per cent of fa.mily heads tuberculous. 5.64 5.30 0.44 

Accidents and accident-rates. Injuries and deaths 
from accidental causes are attracting much attention 
nowaday>~, and rightly so. The death-rate from accidents 
in the United States is far greater thAn from typhoid fever. 
Only a few years ago it was more than 100 per 100,000 of 
population. Some of the principal causes are automobile 
and railroad accidents, falls, drowning and burns, but there 
are many accidents associated with different industries. All 
of these present interesting problems for study and each 
should be studied by itself. 

Taking accidents as a general class, we find that the 
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specific. death-rates follow. closely the death-rates from all 
calll!eS, decreasing from the first year to a minimum be
tween ages 10-14 and then increasing steadily to the 
highest ages. Owing to the age distribution of population 
we find the mode of the accident distribution curve occur
ring somewhere in age group 25-29 years. 

In the case of! railroad accidents among males the mode 
is found in age-group 25-29 years, that is, the largest 
number of accidents occurs among males at that period; 
in the case of falls the mode is in age-group 45-49; in the 
case of drowning it is at age 2D-2'1. The specific death-rate 
from railroad accidents is low until the age of twenty, when 
it rises to above 30 per 100,000 and fluctuates between 30 
and 50 for all higher age-groups. The specific death-rate 
from falls rises steadily from the tenth year and above 75 
years of age exce<>A.is 100 per 100,000. The specific death
rate from drowning on the other hand is highest at about 
twenty years of age. Except for falls the accident-rates 
from the major causes are higher for males than for females. 

If time permitted it would be interesting to follow up this 
subject of accidents and find the seasonal distribution and 
classify them in other ways. 

In studying accidents in industrial establishments we 
must ask the usual questiollll, -where, when, what, how, 
who, and answer them by collecting the necessary statistics. 
It d<l<'.s not do to follow popular impressions in these matr 
ters. Thus it is sometimes said that most accidents occur 
"at the end of a tired day," yet statistics collected in Massa
chusetts by the Industrial Accident Board showed that it is 
between 9 and 10 A.M. and 2 and 3 P.M. that accidents are 
most frequent. Yet this general statement is not enough. 
We need to know what kinds of accidents are meant. Per
haps some kinds. of accidents do occur at the end of the 
working day. Then there are daily differences to be con-
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· sidered, and seasonal differences, as well as differences due 
to the weather. In the case of the English munition fac
tories, which run night and day, the accident mode occurs 
ill the evening. One runs IL great risk in genernlizing from 
composite statistics. 

There are various ways of expressing accident rates. 
One is the ratio between annual accidents and number of 
employees. Another is hetwee.n annual accidents and the 
number of full time workers, i.e., 300 days per year. 
Another is between days lost through accident and full 
time workers. Differences in the severity of the accidents 
are also important from an economic point of view. 

Age distribution of cases of poliomyelitis. - One of the 
diseases which has recently attracted attention is Anterior 
Poliomyelitis, commonly known as infantile paralysis. 
Many attempts have been made to correlate the occur
rences of this disease with factors which might point to 
the manner of its communicability. There is an excellent 
opportunity here for original statistical work based on re
cently accumulated data. As bearing on the theory of 
contact as a major element in its communicability the 
age distribution of the cases is important. The disease is 
essentially one of the early ages. A recent· study by the 
author appears to indicate that the median age is inversely 
proportional to the density of population. This is like
wise true for mea..'lles, whooping cough and similar diseases. 

It has been noticed that if the cases of poliomyelitis are 
plotted on logarithmic probability paper they tend to fall 
on a straight line, except that above the upper decentile 
there is an irregular divergence from the straight line. 
From this diagram it is easy to read off the median age 
or the per cent of oases below any age or between given 
ages. Fig. 89 shows that in the populous city of New 
York the median age was 2.5 yaM'S, in Boston 3. 7 years, 
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and in Minnesota 4.6 years. Similar differences were 
observed in the upper deoentiles. These data are not 
strictly comparable as they were not for the same year and 
are presented merely to show the advantage of this method 
of plotting. It is interesting to note that scarlet fever 
eases plotted by ages on logarithmic probability paper also 
fall nearly on a straight line. 

The Mills-Reincke Phenomenon. - Problems like this 
offer excellent opportunities to apply the principles of 
statistics. In 1893-94 Mr. Hiram F. Mills found that at 
:Lawrence, Mass., after the introduction of the sand filter to 
purify the public water-supply taken from the polluted 
Merrimac River, there was a material reduction in the 
general death-rate of the city. Notably typhoid fever was 
reduced, bnt this reduction was not sufficient to account 
for the fall in the general death-rate. About the same 
time Dr. ,J. J. Reincke found the same thing in Hamburg. 
In 1904 Hazen studied these and other records and stated 

.that "where one death from typhoid fever had been avoided 
by the usc of better water, a certain number of deaths, 
·probably two or three, from other causes have been 
U.voided." In 1910 Sedgwick and MaoNutt 1 published an 
elaborate study in which Hazen's statement was dignified 

· with the rank of " theorem." 
The natural inference from such statements is that the 

purification of a polluted water-supply reduces deaths from 
.causes other than typhoid fever. In Lawrence if one con
Siders short periods before and after the introduction of the 
filter a decrease is observed in several diseases, -as, for 
example, pneumonia, tuberculosis, cholera infantum and so 
on. Some have, 1vithout sufficient thought, extended the 

1 Sedgwick, W. T. a11d J. Scott MacNutt. On the Mill.s-!Wncke 
Phenomenon and Hazen's Theorem. Jour. Infectious Diseaaes, Aug., 
1910, pp. 481HI64. 

Fink, E. B., American Mortolity Statistics and the Millo-Reincke 
Phenomenon. Jour. Infectious Diseases, July 1917, pp. 62-94. 
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idea back of Hazen's " theorem " to undue limits, and have 
argued that pure water has the effect of raising the gen
eral health, of lifting the health tone of individuals, and so 
has a value beyond that of preventing the spread of diseases 

· of the intestina.l tract. This is unwarranted and to that 
extent Dr. Chapin' and others have rightly criticized the 
" theorem." The idea underlying the theorem may be 
correct, but the vital statistics available do not demonstrate 
it. The correlation between the decreased typhoid-fever 
rate and the general death-rate in cities which have intro
duced water filtration or otherwise bettered their supply 
is not high. It is more frequently true where the original 
water-supply has been very badly polluted, M was the ca..e 
at Lawrence. Even at Lawrence it is probable that the 
pnewnouia death-rate was abnormally high just before the 
filter was built and that the reason for its subsequent de
crease had little or nothing to do with water filtration. Yet 
to condemn the " theorem " altogether is to take too ex
treme a. view. Without doubt infant mortality was re· 
duced by filtration, chiefly through the reduction in diar
rhooa.l diseases. McLaughlin has shown that this has oc
curred in many places. 
· The trouble with this whole problem has grown out of 

the use of general rates. If we want to find the effect of 
filtration we must compare the morbidity and morta.lity 
rates for particular diseases before and alter filtration, with 
due regard to changes in population. Somebody who hM 
time ought to restudy this whole matter in the light of 
recent data. 

The sanitary index.- Many attempts have been made 
to devise a " sanitary index," to select and combine certain 
specific death-rates so as to get for a given place a single 
figure which, when compared with similar figures for other 
places, will correlate health and sa.nit.ary conditions. We 

• Chapin. Chas. V .• HModes of Infection." 
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::inow that the general death-rate will not serve this pur
pose. Even the death-rate adjusted to a standard popu

··]iltion is inadequate. The infant mortality has been 
:1.Jaimed as the best index. Dr. Wilmer R. Batt,! the 
:1Registrar of the Pennsylvania State Department of Health, :has suggested a composite index which ·illustrates this 
~11triving to get an index. It is computed as follows: 

' ,. · Sanitary index "" 
Deaths from causes No.1 tn No. 17 plus all infant deaths 

Population • 

.. The ratio of all the other deaths to the population is 
':.oolled the residual death-rate. Hence the sum of the two 
:'gives the general death-rate. 
:. He found that from 1906 to 1915 the general death-rate 
.. i)( the state declined from 16.0 to 13.8 per 1000 i.e., 13.8 
, per cent. The "sanitary index," however, declined from 
: ~.li to 4.5, or 30.8 per cent, while the residual death-rate 
declined from 9.5 to 9.3 or only 2.1 per cent. This index, 

· it will be observed, takes no account of the changing com
position of the population. 

Others have suggested that the index ought to be based 
on social and economic factors as well as vital statistics, 

>and their point seems to be well taken. This only em
' phasizes the complexity of the problem. The author be
lieves that it is too early to attempt the establishment of 
a health index, and that better results will be secured by 
the critical use of specific rates. · 

· Cunent use of vital statistics. - Vit& statistics have 
their historic uses, but their greatest value lies m their 
immediate use. It is interesting and ultimately most val
uable to know that a baby has been born at a certain place, 
.on a certain day, of such and such parentage, but it is more 

' Penn. Monthly Health Bulletin, No. 70, Feb., 1916. 
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important that the baby shall live and grow up well. No 
baby should be allowed to come unnoticed into the world; 
boards of health or other proper authorities should see to it 
that every baby born has a good chance to live. In most 
cases the parents, the physician and the nurse are sufficient 
caretakers and the public authorities should not be un
neoossarily intrusive or over-realous; on the other hand 
their advice and aid should be prompt where occasion war
rants, and immediate knowledge of the facts is the only 
ba.sis of wise action. 

In reported ~.ases of diseal!<'s dangerous to the public 
health the need for prompt action is even· greater. It 
is by the daily study of such reports that pending epi
demics or local outbreaks of disease ·IIUIY be headed off. 
Every local health officer should keep on the walls of his 
office, or on a suitable frame, or in shallow drawers, a series 
of local maps- one for each important communicable dis
ease. The maps should show the names of the streets. 
There should be a atreet index at hand, with the street 
numbers given for each intersection, and with information 
as to which side of the street has the odd (or even) numbers. 
On these maps, with the aid of the index, each case of 
communicable disease should be marked with a pin imme
diately on receipt of the report. There are many little 
devices involving the use of pins of different colors for 
different dates, the removal of pins after recovery, the ad
ditions of pins to indicate death, and so on; the details of 
which are bound to vary according to local conditions. 
But the main thing is to study the pins daily. In the ease 
of state departments of health the required maps are of 
course on a different scale and the cases are arranged by 
cities and towns instead of streets. Both local and state 
atudies are necessary. 

In addition to the location maps the health officer needs 
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to keep up chronological charts for each disease. - a 
separate chart for each. Pins may be used for this work 
also, or lines may be drawn, black or colored. These 
charts, together with the maps, answer the questions 
where and when did the cases occur. 

For state work another device is convenient, -namely, 
a summary of oases by cities, towns, or other geographical 
divisions, and by weeks or months. These should be made 
up regularly for comparison with past records. All cities 
have certain numbers of cases of communicable diseases 
which occur with a fair degree of regularity - and what 
the health officer needs most to know is whether there is at 
any time an abnormally large number of cases of any dis
ease. In order to quickly tell this he needs to have at 
hand certain generalized results of past experience. In 
New York City Dr. Bolduan was in the habit of finding 
the average number of cases of typhoid fever, for exatriple, 
in each ward and for each week of the year, - but omits 
from these averages any local outbreak or epidemics. He 
has called this the "normalized average."' In the author's 
opinion what is needed here is not the average, with the 
unusual conditions omitted, but the median. The Mas
chusetts State Department of Public Health is using the 
median under the name endemic median. This can be very 
easily found for a five- or ten-year period and serves admir
ably as a standard of comparison. Of course it needs 
occasional revision. 

Card systems are generally found most convenient for 
keeping records of individual reports, and the punched· 
card system with mechanical devices for sorting and count
ing is the best of all. 

' Bolduan, Cbas. F., Typhoid Fever in Now York City, No. 3 
Monograph Series, Aug., 1912. 
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PuPlic:ation of reports. - The author will perhaps t 
regarded as a heretic on the subject of published report, 
He believes, however, that thousands of pages of usele! 

·tables of reported cases of disease are printed every year i 
the United States at enormous expense and that the sam 
amount of money spent in maintaining more complete an• 
more accurate records in state and local health department 
and in studying and using the recorda from day to da: 
would bring better results. The object of reporting dis 
eases dangerous to the public health is not to pile Ul 
records but to prevent the diseases from spreading. State· 
ments of the occurrences of communicable diseases pub
lished monthly, or even weekly, usually reach their readel" 
too late to be of any practical use, while as historical 
records such frequent publication is wholly unnecessary. 
Some publication is desirable, however, but only that which 
is of real use. 

Let us consider the case of communicable diseases, for 
example, as reported to a state department of health. H 
the number of cases of measles in a city is less than the 
endemic median, that is, less than the ordinary number 
of cases, no announcement is necessary; but should the 
number of cases rise above the endemic median a prompt 
announcement of that fact in the local paper 1 might be 
of positive benefit as it would sound a warning. If the 
fire bells were ringing very gently all the time except when 
a fire occurred and then rang loudly, the public would not 
heed the warning; and in the same way the constant pub
lication of figures which are of little moment blunts the 
sense of caution. Arrangements might well be made, how
ever, for the immediate publication of notices of all unusual 
occurrences of disease in local papers or wherever such 
notices would do the most good. So far a.s communicable 

1 Daily Pflper preferred, 
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·. dillealleS are concerned the general principle of publication 
, should be to publish at once or not at all and to publish 
only the unusual occurrences. The preparation 'of such 
notices would by reflex action stimulate the health officers 
themselves, and would assist physicians in making diagnosis 
of suspected cases. 

The problem of annual reports is different. Here the 
. object is to establish a record for permanent preservation, 
useful alike to health officers, to physicians, and to the in
terested public. The tmlendar year with its subdivisions 
is the most convenient unit of time. The vital statistics 
of every political subdivision in the country should be 
published annually, and as soon after the end of the year 
'as possible. Here we find a great amount of unnecessary 
duplication. It is a waste of money to have the local 
Board of Health of Cambridge, Mass., publish certain facts 
(usually a year or two late), to have the same facts pub
lished by the State Registrar and perhaps by the State De
partment of Health, and finally to have them published 
again by the U. S. Bureau of the Census, and perhaps by 
the U. S. Public Health s~.rvice. It is worse than waste
ful, because the various tables often fail to agree and all 
sorts of distressing statistical ermrs creep in. On the other 
hand, while the figures for Cambridge may be found in 
several places, there may be other places where it is diffi· 
eult to find any statistics at all. Uniformity in this matter 
is very greatly needed, and this must come thmugh federal 
control or state cooperation, with uniform minimum 
schedules to serve as a basis of record. 

The author believes that no systematic attempt should 
be made every year to publish specific rates or minute 
analyses of rates, for the reason that such studies are based 
necessarily on estimated populations. Such studies are of 
course very necessary for the study of special problems s.s 
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they arise, but these results should be published as special 
studies and not as a part of a systematic schedule. It 
would be better to wait for the census years, when the 
facta of population can be used instead of estimates and to 
then make a most careful analysis of all vital statistics. 
Such an analysis made once in five years in Massachusetts 
would serve every useful purpose, would save much time 
and expense, would avoid the need of revision and would 
prevent the publication of figures which contain annoying 
variations. The principle should be to wait for the facts, 
and then make a careful analysis based on the facts. Of 
course, general rates should be published annun.lly, based 
on estiiiiJl.ted populations, but no one need take these very 
seriously, as in any event they mean little. If it is thought 
worth while to publish specific rates for each post censal 
year, these should be recomputed after the next census has 
been taken. 

Various attempts to establish standards have been made. 
One of these may be found in the American Journal of 
Public Health.' Another in the annual report of theN. Y. 
State Department of Health for 1912, another in the 
Quarterly Publication of the American St:;tistical Associa
tion' and so on. In establishing standards it will be neces
sary to determine what shall be the geographical units, 
what subdivision of the year, what data and in what com· 
binations. The usual facts secured in regard to deaths are 
(1) place of death, (2) time of death, (3) sex, (4) age, 
(5) race or color, (6) cause of death, (7) birthplace, (8) 
birthplace of father, (9) birthplace of mothm·, (10) marital 
condition, (11) occupation. The possible number of com
binations of these eleven items two at a time is 55, three at 
a time 165, and four at a time 330. No wonder therefore 
that there is lack of uniformity in published reports. Any 

I 1913, p, 595, ' 1911, p, o!Q, 
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standard tables must of necessity be arbitrary. The time 
i)as come when uniformity of report is necessary in the in
terest of both economy and efficiency. 

Need of international standards.- Anyone who attempts 
to ma.ke comparative studies of the vital statistics of differ
ent countries soon finds himself handicapped because of the 
lack of uniformity of the classifications used in the published 
tables of data. Different age-groups are used in different 
countries, and even in the same country, in the United 
States for example, the same age grouping is not alwa,ys 
used for popult>tion and for deaths. In France no sex divi
sion is made in the death statistics, and the terms urban 
and rural are loosely used. In several countries where the 
international list of the causes of death is used, the pub
lished tables are based on an abridged list rather than the 
standard list. 

Several modes of procedure for improving this situation 
have been suggested. It would appear that the authority 
which ought to take the lead in bringing order out of eon· 
fusion is the Division of Public Health of the League of 
Nations, or in case of no action by this body the next Inter· 
national Congress called to revise the International List of 
the Causes of Death in 1929. 

EXERCISES AND QUESTIONS 

1. Distinguish between the environments rep""""ted by the follow· 
illg terms: 

a. A felt hat and a straw hat factory. 
b. A paper box and a wooden box fa.ctory. 
c. An iron and a bra.ss foundry. 
d. A wholeaale and a retail merchant or doolor. 
e. A farm. laborer on his home farm and one working out. 
/. A clerk in a store and a sa]..., ••. 
g. A dresomaker in a factory or s!top and one working elsewhere. 
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b. A cook and a servant. 
i. A paid housekeeper a:nd a aet'Vltllt girl. 
j. A praetical and a trained nurse. 

To what -t do these terms coneeal other important differ
enooo in as~ or sex or nationality? 

8. What data were oolloeted in the lndUHtrial clinie of the Msooa
ehusctts General H06pital? [Monthly &view (Dee., 1917), U. S. 
Bureau of Labor Statistic.s. Edaall, David J.: The Study of Occup"" 
uonal Di....., in Hospitala. I 

'- How .rould you explain the alleged fact that more ..... of in
fectious diseases are reported to the New York City Department of 
Health on Monday than on any other day, and the fewest on Saturday? 

I. How a:e the medical and vital etatistic.s of the U. S. Navy kept? 
[See Am. J. P. H., Juce, 1918, p. 442.] . 

8. How are the medical and vital statistic.s of the U. S. army kept? 
[See Am. J. P. H., Jan., 1918, p. 14.] 

1. Whet facts are needed in the registration of still-births? [See 
Am. J. P. H., Jan., 1917, p. 46.] 

8. Describe the epidemic of poliomyelitis in New York and New 
England in 1916. [See Am. J. P. H., Feb., 1917, p. 117.] 

9. What proportion of children " toke 11 the common cbild.ren'a 
diseases at some time? [See Am. J. P. H., Sept., 1916, p. 971.] 
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REFERENCES 

To study demography, or even vital statistics, seriously 
one must have at hand several of the standard textbooks 
on the statistical method, and certain of the more recent 
federal, state and municipal reports. One must also have 
access to ftles of certain periodicals. The following is a 
list of some of the more important of these references. It 
is far from being complete, and is intended merely to pave 
the way for further searches in the library. 

A complete list of references to books and articles on the 
many phases of the subject would be overwhelming. The 
most recent writings on vital statistics are not necessarily 
the best for the beginner to study, as some of the soundest 
and most logical monographs were written many years ago.· 
Of course, the most recent data are the most interesting -
but that is another matter. 

Many references to particular articles will be found 
scattered through the footnotes of this hook and prinied in 
connection with the Exercises and Questions. 
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.619 
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THE MODEL STATE LAW FOR MORBIDITY REPORTS 

ADOM'ED BY TBlllliiLEnN1'B ANNUAl.. CON'I'J.Ill:UilNCJ!l OF STATE AND TEUt .. 

TORIAL HEALTH AUTHORITIES WlTB TBE UNITED STA'l'.ES PtJBLlC 

J1Jl,li.IliB SERVICE, MlNNJ!lAPOLlS1 .TUNE 16, 1913, 

A nm To provide Ior tho Mtifica.tion or the O(lCQ!'rWtle and prevalence of l!ertain dill88sea. 

Be it enacted by the Sen~e and GeneTal A.....Uy of the Stat. of-'--: 

SECTION 1. It shall be, and is hereby, made the duty of the State 
depanment of health (or commissioner or board of health) to keep 
CUITentJy informed of the occurrence, geographic distribution, and 
prevalence of the preventable diseasee t.hroughout the State, and lor 
thie purpose there shall be estab!i,bed in the Stote departm•llt of health 
a bureau (or division) of sanitary reports which shll, under the di""'" 
tion of the State oonuniBSioncr of health- (State health officer or secre-
tary of the State boord of health), be in charge of "" ...,isi!Wt oom• 
missioner of health who shll receive an annual salary of-- doll~m~ 
and the nooossa.ry expenses .iMurred in the performance of his duties. 
The .State department of he,alth shall provide such clerieal and otbrr 
Ma:ista.nc.e as mo.y be necessary for the establishment and maintena.nce 
of said bureau. 

SEC. 2. The following-uamed diseases aod diaabilitiea are hereby 
made notifi•ble and the oocnrrence of casee oboll be reported ao horein 
provided: 

Actinomycosis. 
Anthra.x. 
Chicken-pox. 
Cholera. Asiatic (also cholera nos

tras when Asiatic cholera is pres
ent or its importation threa.tened). 

Continued fever lasting seven days. 
525 

Dengue. 
Diphtheria. 
Dysentery: 

(a) Amebic. 
(b) B•cillary. 

Favus. 
GeriJUIJl mea.sles. 
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GROUP I. l'NJ"EcriOUS DIB-

EAsES- Continued 

Glanders. 

Typhus fever. 
Whooping cough. 
Y eliow fever. 

Hookworm disease. 
LeprQOy. 

Gl\OUP II, - OOOUPATIONAL OIS ... 

Malaria. 
M.,..t .... 
Meningitis: 

(a) Epidemic cerebrospinal. 
(b) Tuberculous. 

Mumpe. 
Ophthalmia neonatorum (conjune .. 

tiviJ;is oi new born infants). 
Paragonimiasis (endemic hemoptysis). 
Paratyphoid fever. 
Plague. 
Pneumonia. 
Poliomyelitis (acute infectious). 
Rabies. 
Rooky Mountain spotted, or tick, 

fever. 
Sca.det fever. 
Septic sore throat. 
Smallpox. 
Tetanus. 
Trachoma. 
Trichinosis. 
Tuberculosis (all forms, the organ or 

part affected in each case to be 
specified). 

Typhoid fever. 

EASES AND IN1URIES, 

Arsenic poisoning. 
Brass poisoning. 
Ca.rbon monoxide poisoning. 
Lea;! poisooing. 
Mercury poisoning, 
Natural gas poisoning. 
Phosphorous poisoning, 
Wood aloohol poisooiog. 
Naphtha. poisoning. 
Bisulphide o! carbon poisoning. 
Dinitrobenzine pohK>ning. 
Caisson disease (compressed-air 

illn<lSS), 
Any other disease or disability 

oontraet.ed as a l'ffiult of the 
nature of the person 111 employ~ 
ment. 

GROUP lli. ~VENEREAL D!S~ASEB 

Gonooooous infection. 
Syphilis. 

GROUP IV.- DISlilASES OF UN• 

KNOWN ORIGIN, 

Pellagra. 
Cancer. 

Provided, That the State department ol health {or board of bealoh) 
may from time to time, in its discretion, declare additional diseases 
notifiable and subject to the provisions of this act. 

SEC. 3. Eaeh and every physieian praetidng in the State of -
who treats or examines any person suffering from or affiioted with, or 
suspooted to be suffering from or afflicted with, any one of the notifiable 
disea.ses shall immediately report such case of noti&ble disease in writ .. 
ing to the local health authority having jurisdiction, Said report shall 
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be fot'W&l'ded either by mail or by spooio.l messenger and shall give tbe 
foUowing information: 

1. The date when the report is made. 
2. The no.me of the disease or suspected disease. 
3. The name, ago, sex, oolor, occupation, address, and school attended 

or place of employment of patient. • 
4. Number of adults and ebildren in the household. 
6. Souree or probable oouroo of infection or the origin or probable 

origin of the disease. 
6. Name and address of the reporting physician. 
Prwided, That if the diseMe is, or is suspected to be, smaUpox the 

report shall, in addition, show whether the disease is of the mild or 
virulent type and whether the patient has ever boon successively 
vaccinated, and, if the patient has been suceessfully va.ccinated, the 
number of times and dates or approximate da.tea of a.ueh vaccination; 
and il the disease is, or is suspected to be, cholera, diphtheria, plo.guc, 

· . scarlet fever, smallpox, or yellow fever, the physician shall, in nddition 
to the written report, give immediate notk-e of the case to the local 
health authority in the most expeditious manner available; and if the 
disca.se is, or is suspected to be, typhoid fever. scarlet fever, diphtheria. 
or septic sore throat the report shall also show whether the patient· has 
been, or any member of tho household in which the patient resides is, 
engaged or employed in the handling of milk for sa.le or preliminary to 
sale: And provided further, That in the reports of cases of the venereal 
diseases the name and address of the patient need not be given. 

.. Sroo. 4. The requirements of the proeeding section shall be &pplieable 
\ to physieians attending patients ill with any of the notifiable diseaaeB 
'in hospitals, asylums, or other institutions, publio or private: Provided, 
'That the superintendent or other person in charge of any ouch hospital, 
~ylum, or other iustitlltion in which the sick are cared for may, with 

e written consent of the local health officer (or board of health) having 
j isdiction, report in the pla.ce of the attending physician or physicians 

e eases of notifiable diseases and dlaabilitieo oeeurring in or admitted 
Mid hospital, asylum., or other inatitution in the BBJtle manner aa that 

pr scribed by physicians. 
EC. 5. Whenever a person is kno-wn, or is Sl.tBpeCted, to be aJII.icted 

a notifiable di.eeal!e, or wbene\'er the eyes ol IIJl infant under two 
we of age become reddened. inflamed, or swollen, or contain an 
unm,\tural discharge, and no physician is in attendance, an immediatl) 
1'll!lO\rt of the exiateooo of tbe .,... shall be made to the loeal health oifieer 
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by the midwife, 1111rse, attendant, or other person in eb"'l!'> of the 
patient. 

Sloe. 6. Teachers or other persons employed in, or in charge of, public 
or priv•te schools, including Sunday Schools, shall repor& immedlstely 
to the local health officer each and every known or suspeeted case of e. 
notifiable disease in persone attending or employed in their respective 
eebools. 

S:mc. 7. The,written reports of cases of the notifiable disease required 
by this act of physicians shsU be made upon blanks supplied for the 
purpose, through the local health authorities, by the State department 
of he&ltb. These blanks shall cnoform to that adopted and approved 
by the State and Territorial health authorities in conference with the 
United States Publie Health Service. 

SEc. 8. Local health officers or hoards of health shall within aeven 
daya s.fter the receipt by them of reports of ,... of the notifiable 
diseases forward by mail to the State department of health the original 
written reports made by physicians, after first having transcribed the 
infonnation given in the respective reports in a book or othm- fOl'lll of 
record for the permanent files of the local health office. On each report 
thus forwarded the local he&lth officer shall slate whether the """" to 
whioh the repol:'t pertains was visited or otherwise investigated by a 
-ta.tive of the local he&lth office and whether measures were 
taken to prevent the spread oi the diseaae or the occurrence of addi
tional cases. 

Smc. 9. Local health officers or boards of health shall, in addition to 
the provisions of section 8, report to the State department of health in 
BUch manner and at ouch timee as the Sta.te department of health may 
require by regulation the number of new eases of each of the notifiable 
diseases reported to aaid local health officers or hoards of healtb. 

SJ!:oc. 10. Whenever there occurs within the jurisdiction of a. loca.l 
he&lth officer or board of health an epidemic of a notifiable dlseaee, th• 
local health officer or board of health shall, Within 30 days after tre 
Oj>idemic shall have subllided, make a report to the Sta.te department of 
health of the number of cn.ses occurring in the epidemic, the number lf 
cases terminating fatally, the origin of the epidemic, and the means Jy 
which the disease was spread: Provided, That whenever the St~te 
department of health has taken charge of the control and suppreseim or 
Undertaken the inYestigation of the epidemic, the local hel\lth authaity 
having jurisdiction need not make the report otherwise required. 

S.C. 11. No pereon shall be appointed to the poeition of local bolth 
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officer in any city, town, or county until after the qualilloations of said 
person have been approved by the State department of health. 

SEc. 12. In localities in which there are no local health officers or 
boa.fds of health, and in localities in whiuh, although there a.re health 
oflioers or boards of health1 adequate provision ha.s not, in the opinion 
of the State department or health, been made for the proper notification, 
invea;tigation, and control of notifiable disease, and in localities in which 
the local health authorities fail to carry out the provisions of this act, 
the State department of health shall appoint properly qualified aanitary 
oflicers to act as louaJ he,alth officers and to prevent the spread of di.ease 
in and from such louaJiti"" and to eoforce the provisions of thiB act: 
Provided, That aalaries and other expenses incorrod under the provisions 
of this section shall be paid by the local authorities, 

S:mc. 13. Any physician or other person or persons who shall fail, 
neglect or refuse to comply with, or who shall violate any of the pro
visions of this act shall he guilty of a misdemeanor, and upon conviction 

'thereof shall be sentenced to pa.y a fine of not less than --- dollare 
nor more than--- dollars or to imprisonment for not less than--
days nor rnore than--- days for ~h offense: Proviil&l, That in the 
case of a physician his license to practice medicine within the State may 
be revoked in aeoordance with existing statutory provisions. 

SEc. 14. No license to practice medicine~ be iesued to any person 
until after the applicant shall have filed with the State licensing board 
a statement, signed and sworn to before a notary or other offioer quali
fied to administer oaths, that said applicant has familiarized himself 
with the requirements of this act, a copy of which sworn statement shall 
be forwarded to the State department of health. 

S:mc, 15. Each and every person engaged in the practice of medicine 
ahall display in a prominent pUwe in his or her office a card upon which 
eectiona 2, 3, 4, 7, 13, 14, and 15 of this act have been printed with type 
not lllllaller than HI-point. A similar card shall be displayed in a prom
inent pla.oe in the office of oa.eh and every hospital, asylum, or other 
public or private institution for the treatment of the Wek. These cards 
shall each be not less than 1 square foot in si2e and shall be furnished 
to institutions and licensed physicians without cost by the State de
partment of health. 

·Smc, 16. The sum of- dollars is hereby appropriated from any 
money in the State treasury n<>t otherwise appropriated for ca.rrying 
out the provisions oi this act. 

Smc. 17. This act shall take effect immediately, and all acts or parts 
of acta Inconsistent with the provisions of thiB act are hershy repealed. 
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THE STANDARD MORBIDITY NOTIFICATION BLANK 

The following model notification blank was a. lao adopted by the !:lonforence of state and 
territorial health authoritie~ with the Unit&d State• Public Health Service, June 16, 11.113, 
aa the st.andard not.ifiM.tion blank refecrTed to in sootion 7 of the Model Law as the ollb to 
be UBI!Id in the rewrting of caeoo of the notifiable diseaaea. This blank ia intended to be 
printed on a poot card: 

(F ... ot....t.J 

........................ ,191.. 
(!)Me.) 

D~ or 8UIIpeoted ~- .................... •• ...... • ••• ••• • ··•••· · ···- •• •· •••••••• 
Patient'11 name ..................... , •··············• ses .......•••.. , color ....•...•••• 
Patient's addnms ...................•• ,,,, •••.• ,, •• , •. , occupation ••••......•..•• ,,,,, •• 
School attended or plaoo of employment ....... ,, ...................................... . 
Number in househt:tld: Adults.-._ .................. ~ ohildre:n ••••••••••••• ,., •••.••....• 
Probable IJOUI'ee of infection or origin of disease ....................................... . 
If diseaeo W lmll.l.l)pox, type ................................... , ........ , number of timeel 

tJUIU.lt'WIIflully vaccinated w.nd appl'OXimat. datt"· ...........• , , • , , , , , .........•••..••.•. 
lt typhoid fever, searlet fnvcr, diphtheria, 01' Beptic 110re throat, wae pt~tieut, or :Ur any 

member of household engaged in the pl'Oduotion of bandling of milk ........ ,, , , , , ,, , 
Add.r6ml of reporting physician . , , , , , • , , , , , , , ... , , . , . , , , , . , , , , . , , , • , •• , , , • , • , , , , • 

Si~~:nature or phytdclan 

(Reverse or oal.'d.] 

For use of local health department. 

Health o-lment, 
(City) ........ .. 

(S ..... ) ........ .. 
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HOSPITAL DISCHARGE CERTIFICATE 

SVIlltfkd but with som11 OOdUWna Or Bolduo.r~j'Qr 11<1~ in connecti"n wit4 htnpUGl nwrbidiltt rt'Jlflrt" 

DISOHAROE CERTIFICATE. 

Nameofhospital ...•..••••••••••••••••••••. ~;,~~:~;~~~t·::::::::::::::::: 
Row admitted- Ambulance 

(Tabulation 
No.) 

"' own applioa'tiou 

"' traneftr from 
other hospital. 

Whlte. 
Colomd. 
Mongolian. 

Robnnv. 
O..tile. 

Place of birth.,,,.,,,,,,, •• , ..... . 

Patient's address.. . .. , .. , , , , • , • , , • , , , , , , . Single OJ' mll.l':l'ied or widowed Ol'divorood or 
..... Borough.,,,,,,,,,,,,,.,,., unknown. 

Date B.dmitted.,,,,, ... ,,,,,,.,,,,,,,,, .. ,. Discharged to-
Da.~ d.iooharged •••••••••..•.••• , , , .. , , .. • .. liolll.4l. 
Do;yaln -tal ........ IIIOtllba.... ... ... .• Otbor '-Ita!. 

da)'l'l.,.,, .•• , • , . • • • Couvalaoenli reti'Mt. 
QlOVOl'aye&l', omitth$dayeaud £iveonly ~. 

)'eiU8 and months.) 
()ol)upation- («) ~ ptOfe-ioD~ or pattieular kind of work, 

(b) GenM•l nature ol the ind~try, b1J.IIine!ll:l, or establishment in whieb. 
•rnployed (or employer). 

Olagnosis on ad~nission •. ,, ..•....• , •• , . . . . . . . ...............•.............. 
DlRa:n~is at discharge ... ,,................... .. ,, . ,, . ,, ... ,, , ,, .. , .... ,,, ....... . 
Cotnplieation11. . . ,,, ,,,,, ,. .• ... .. . . . ......... ,, ..• , ..... ,, .•. , ....•....... 
Method of treatment ............. , . . • . • . . . . . .. ....... , ............ , .... , ...... .. 
If Qll8nl.ted l.lpon, stat.$ nature of operation ................. , , , •..• , .................... . 
Coudition at~- .. , •. , . , ...• , .................. , . , .... , , • , • , , ................. . 
Oondition on disoba:rge: Ounlld. Improved. Unimproved. 

Died- Auf.OI:ISY, 
Noa.utopey. 

Social servioe work don•.,,,, ............................. , .. , .. , ................... . 
Booi.al.lle.Mrioo work contemplated.,,,,, •.................. ,,,,, .......•.•....... , ...... . 

Sia:ned ...•••••••.•.• 
House Phyaicla.n - Surgeon. 
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THE MODEL STATE LAW FOR THE REGISTRATION OF 
BIRTHS Al'ID DEATB:S 

A Billl T~;~ ._ .ovi.- IQr the regist.._ti(ln of all births abd deaths iu thf: State of--. 

Nors.-Atter the hilt baa been Ptl'!'Pared For pre:mntation to the legi•lature of a State, 
tho title should })., carnfully ntvUBd by oompet.ent lt~gal authority. 

Be it llllOOied by the !egii!ature of the State of ---
SECTION 1. That the State board ol health shall have charge of the 

regirstta.tion of births and deaths; shall prepare the necessa.ry instruo-
tiona, forms, and blanka. for obttlining aJid pre6f)l'ving such records and 
shall procure the laithlul registration of the aa.me in each primary regis
tration district as oonstituted in section 3 of this act, and in the central 
burea.u of vital staU.tico at the capital o1 the State. The said board 
shall be charged with the uniform aud thorough enforcement of the Jaw 
throughout the State, and shall from time to time recommend any 
additional legislation • that may be neeessary for this purpose. 

SEc. 2. That the aooretary ol the state hoard of health shall have 
general supervision oV'er the central bureau of ~tal statistics, which is 
hereby authorized to be established by said board1 and which shall be 
under the immediate direction of the State registrar of vital etatiBtics1 

whom the State board of health shall appoint within thirty days alter 
the taking effect of this law, and who shall be a medical prs.ctitiODel" of 
not less than five yc£Ll's' practice in his profession, a.ud a competent vitaJ. 
statistician. The State registrar of vital statistiCJS .shall hold office ior 
four years and until his successor h.aa been appointed and has qualified, 
unless such office shall sooner become v&ca.nt by dooth1 disqualification, 

' Before introducing this bill in any legislature it should be carefully 
redrafted by a competent lawyer and submitted to the Bureau of the 
Census for criticism. 

t The words uand shall promulgate any additlo:ual rules or regula
tione" may be ill$erled in bills prepared for States in which tim State 
board of health baa power to make rules and regulations having the 
effect ollaw. 

532 
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operation ol law, or other ""'"""'· Any YBCancy oooutring in sueh 
ollloo ahaJI be filled lor the llll<llqlired tenn by the State board of health. 
At i!OIBI ten days before the expiration of the tenn of offioo of the State 
regiBirar of vital otatistica, his su.,._,r shall be appointed by the State 
board of health. The State registrar of vital ~atistics shall raeeive an 
a.onualealary at the rate of --dollars from the date of his entering 
upon the discharge of the duties of his office. The State board of health 
shall provide for oueh clerical and other ... istants !IS may be neceeaary 
for the pttrp<>ees of this act, who shall serve during the piO!ISure of tho 
board, and shall fix the compensation of persons thus employed within 
the amount appropriated therefor by the legislatl.l.l'(l, The custodian 
of the capitol shall provide for the bureau of vital statistics in the State 
capitol at --suitable offices, which shaH be properly equipped with 
fireproof vault and filing oases for the permanent and safe preservation 
of all official records made and returned under this act. 

SEC. 3. That for the p\!rjl08e8 of this act the State shall be divided 
into registration <lliltricts as follows: Eoob city, each inoorporated 
town, and each township 1 shall oon&titute a primary registration dis
trict: Provided, That the State board of health may combine two or more 
primary registration districts when neceeso.ry to fa<'i!itate registration. 

SEc. 4. That within ninety days alter the taking effect of this act, or 
as soon thereafter as possible, the State board of health ahaJI appoint 
a loeal registrar of vital stamlics for each registration district in the 
State.• The term of office of each local registrar "' appointed shall be 

1 Or other primary political unit, as "town," ''precinct,'" "civil 
c:tistrrict,'' ''handrcd," etc. When there are no such units available, the 
fOllowing oubetitutes for sootion 3 may be employed: Section 3. That 
for the pttrp<>eeS of this act the State shall be divided into registration 
distriets as follows: Each city and each incorporated town shall con· 
stitute a primary registration district; and for that portion of each 
county outside of the cities and incorporated towns therein the State 
hoard of health shall define and designate the boundaries of a sufficient 
number of rural registration districts, which distriets it may ehange or · 
combine froro time to time as rn~y- be necessary to insure the oonvenienoe 
and completeness of registration. 

• This method of appointment of loeal registrars by the State board 
of health - or perhaps by the State registrar or upon his nomination
with a reasonably long term of service and subject to removal for neglect 
of duty, is the preferable one for ellicient service. Should there be 
objection, however • to the creation of ne\V offices, the sootion Jn&.Y be 
redrafted so that it will provide that township, village, or city clerks, or 
cthM auitahle officiala, ehall be the loeal registrars. / 
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four yeara, •nd until his successor has been appointed ood bas qualliied, 
unless such office shall sooner beoome ve.cant by death, disqll8lifioation, 
operation of U.w, or other causes; Provided, That io cities where health 
otlicers or other officials are, io the judgment of the State board of 
health, conducting effeotive registmtion of birtba and deatba under 
local ordioances at the time of the taking effect of this act such otlicials 
may be appointed aa registrars in and for suoh cities~ and ehall 00 
subject to the rules and regulations of the State l'llgistrar and to all of 
tho provisions of this act. Any vacancy oceurriog in tlw offiC<> of local 
registrar ol vital statiati"" shall be filled lor the unel!pired term by the 
State board of health. At lll&8t ten days before the expiration of the 
term of office of any such local registrar his suceeseor shall be appointed 
by the State board of health. 

Any local registrar who, io the judgment ol the State board of health, 
fails or neglects to discharge efficiently the duties of his otlice"" aet forth 
in this act, or to make prompt and complete returns of births and deaths 
as required thereby, shall be forthwith removed by the State board of 
health, and auoh other penalties may be imposed as are provided under 
IIOOtion 22 of this act. 
! Each local registrar shall, immediately upon his acceptance of a.p .. 
pointment as such1 appoint a deputy, whose duty it shn.ll be to &et in 
his stead in """" of his absence or disability; and such deputy shall io 
writing accept such appointment and be subjeet to all rul"' and regula
tions governing loca.l registra.ra. And when it appears neoossary for the 
eonveuienee of the people in any rural diatriet the loco! registrar is 
hereby authorized, with the approval of the State registrar, to appoint . 
one or more suitable perBQns to oot as subregistrars, who shall be author .. · 
ized to reoeive certificates and to issue burial or removal permits in a.nd 
for such portions of the district as may be designated; and each .sub
registrar shall note on eaoh eertifica.te, over his signature, the date of 
llling, and shall forward a.ll eerti.ficatss to the loeal registrar of the 
district within teo days, and in all .,.... before the third day of the 
following n>onth: Prot.-ided., That each snbregistrar shall be snbjeot to 
the snpervision and eontrol of ti>e State regist.rar and may be by him 
removed for neglect or failure to perform his duty in accordance with the 
provisions of this act or the rules and regulatio!UI of the State registrar, 
and ahall be aubject to the same penalties for ne.gleet of duty as thelooal 
registrar. 

s~c. 5. That the body of any person whose death occun in this 
State, or whieh shall be found de&d therein, shall not be interred, de
jl<lSited in a vault or tomb, cremated or otherwise disposed or, or re-
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moved from or into a.ny registr~~ion district, or be temporarily held 
pending further dlsposition more than seventy-two houre after death, 
un1 ... a permit lor burial, remova~ or other dispositinn thereof sball 
have been properly issued by the local registrar of the registration 
dlstrlct in which the death occurred or the body was found.1 And no 
.ueh burial or removal permit sball be issued by any registrar until, 
wherever practicable, a complete and aatiafactory certificate of daath 
hos been filed with him as hereinafter provided: Provided, That when 
a dead body is transported from outside the State into a registration 
district in -- for buris.l, the transit or removal permit, issued in 
acoordanoe with the law and health regulations of the place where the 
daath occurred, sball be accepted by the local registrar of the district 
into which the body has been transported for burial or other disposition, 
as a basis upon which he may issue a local burial permit; he shall note 
upon the f...,. of the burial permit the fact that it wo.s a body shipped in 
for interment, and give the s.ctue.l place of death; and no looal registrar 
shall receive any fee for the issuance or burial or removal pern:tite under 
this act other than the compensation provided in eection 20. 

SEc. 6. That a stillborn child shall be ref'lstered "' a birth and also 
as a death, and separate certificatee of both the birth and the death 
sball be filed with the local registrar, in the usual form and manner, the 
certificate of birth to contain in place of t.he name of t,he child, the word 
"stillbirth": Prwi<kd, That a certificate of birth and a certificate of 
daath sball not be required for a child that ho.s not advanoed to the fifth 
month of uterogestation. The mrdical certificate of the Oal.l!e of death 
shall be signed by the attending physician, iC any, and shaD state the 
cause or de&th as 11 stillborn," with the cause of the stillbirth, if known, 
whether a premature birth, and, if born prematurely, the period of 
uterogestation, in monthe, if known; and a burial or removal permit 
of the prescribed form sball be required. Midwives sball not sig11 
certificates of death for stillborn children; but such """'""• and still· 
birthe occurring without attendanoo of either pbysician.',br roidwlfe, 
shall be treated as deaths without medical attendance, ae pro·vided for 
in section 8 of this act. 

SEc. 7. That the certificate of death sball contain lhA following 
items, which are hereby declared necessary for the legal, !Social, and 
flatlitary purpoees eubeerved by registration records:' 

' A speeiAI provioo may be required for sparsely settled portions of 
a State. 

• The following items are those of the Unlt.ed Statee standard oorti· 
ficate of death, approved by the Bureau of the Cenens. 
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(I) Plaoe of de&tb, including State, county, township, viJ1ase. or 
city. If in a. city, the ward, street, and house number; if in a hospital 
or other iDstitution, the uame of the same to be giveo insteed of the 
street and holllle number. If in an indUiltria.l camp, the name of the 
camp to be given. 

(2) F\111 name of dooedent. If an nnna.med child, the IIUlllaDlO 
preceded by ''Unnamed." 

(3) Sex. 
(4) Color or race, a.• white, blaok, mulatto (or other negro descent), 

Indian, Chinese) Japanese, or other. 
(5) Coojugal condition, as single, mani.ed, widowed, or divoreed. 
(&) Date of birth, including the yearj month, and day. 
(7) Age, in yeal'B, months, and days. It less than one day, the hoUl'll 

or minutes. 
(8) Occupation. The occupation to be reported of any pel'Bon, 

male or fomale, who bad any remunerative employment, with the state
ment of (a,) trade, profession or particular kind of workj (b) general 
nature of industry, business, or eeta.blishment in which employed (or 
employer). 

(9) Birthplace; at least State or foreign country, if known. 
(10) Name of Mher. 
(11) Birthplace of lather; at least State or foreign country, if known. 
(12) Maiden name of mother. 
(13) Birthpla.ce of mother; at le&st St&te or foreign oountry, if known. 
(14) Signature and address of inlorma.nt. 
(15) Offieia.l signature of regi.trar, with the date when certificate 

was filed, and registered number. 
(16) Date of dcath, year, month, and day. 
(17) Certification as to medical attendance on decedent, fact and 

time of death, time last seen alive, and the cause of death, with con~ 
tributary (oeoondary) cause of complication, if any, and duration of 
each, ani \\tlether attributed to dangerous or insanitary conditions of 
employm.mt; signature and addrces of physician or offidal ma.king the 
medical oertilicate. · 

(18) Length of regidenoe (for inmates of hospitals and other institu
tions; tra:ns;ent.s or recent residents) at place of death and in the Stste, 
together with the place where disea..se was contracted, if not at place of 
death, and former or usual residence. 

(19) Plao.e of burial or removal; date of buria.l. 
(20) Signature and address of undertaker or pel'Bon acting as such. 
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The personal and statistical particule.rs (items 1 to 13) shall be authen· 
tiooted by t!w signature of t!w informant, who may be any oompetent 
person acquainted with the facts. 

The statement of facts relating to the diapoaition of the body shall 
be signed by the undertaker or person acting as .such. 

The medical certificate shall be made and signed by the physician, if 
any, last in attendance on the deoeaaed, who shall specify the time in 
attendance, the time he last saw the deceased alive, and the hour of the 
day at which death occurred. And he shall further state the cause of 
death, so as to show the course ol d.iBcaae or sequence of causee .....Wting 
in the death, giving first the name of tho disMse causing death (prin1ary 
cause), and the contributory (seoondary) eause, if any, and the duration 
of each. Indefinite aod UDBatiafactory. terms, dP~ng only symptoms 
of dif3ee.se or conditions resulting from disease, will not be held sufficient 
for the isauance of a burial or removal permit; and any certificate con
taining only such terms as defined by the State Registrar shall be 
returned to t!w physiciml or person mald:ng the medical certificate for 
correction and more definite statement. Causes of death which may be 
the result of citlwr disease or violenc.e shall be carefully defined; and if 
from violence, the mean.• of injury shall be stated o.nd whether (prob
ably) accidental, suicidal, or homicidal.• And for deaths in hospitals, 
institutions, or of nonresidents the physician shall supply the informa .. 
tion required under this head (item 18), if he is shle to do so, o.nd may 
state where, in hi.<;! opinion, the disease was contracted. 

SEc. 8. That in case of any death occurring without medical attend· 
anee it shall be the duty of the undertaker to notify the local registrar 
of such death, and when so notified the registrar shall, prior to the 
isiS'Ilanne of the permit, inform the local health officer and refer the case 
to him for immediate investigation and certifica.tion: Prouit.kd1 That 
when the loca.l he.a.lth ofti('.er is not e. physician, or when there is no such 
offioial, and in such cases only, tho registrar is authorized to make the 
certificate and return from the sta.tement of relatives or other persons 
having adequate knowledge of tho facts; ProuW.ed further, That if the 
registrar hy reason to believe that the death rnay have been due to 
unlawful aet or neglect ho shall then refer the case to the coroner or 
other proper officer for his investigation and certification. And the 
coroner or other proper officer whose duty it k!. to hold .a.n inque.at on the 

1 In some States the question whether a death was accidental, wicl .. 
dal, or homicidal must be determined by the coroner or medical examiner 
and the registration law must be framed to he.rmooi•e. 
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body of any deceosed person and to make the certificate of de&tb 
required for a bwial p<>rmit shall state in Ws certificate the name of the 
disease causing death, or if from external causes, (1) the means of dCath 
and (2) whether (probably) accidental, suicidal, or homicidal, and shlill 
in any oaae furnish such information as may be req.,ired by the State 
&gi&trar in order prop<>rly to elllll8i!y the death. 

SEc. 9. That the undertaker or person acting as undertaker shall file 
the certificate of death with tho local registrar of the district in which 
the death oceorred aod obtain a burial or removal permit prior to any 
disposition of the body. He sho.ll obtain the reqmred p<>reoual and 
statistical particulars from the person beat qualified ·to supply them, 
over the signature and address of his informant. He shall then present 
the certificate to the attending physician, if any, or to the health officer 
or coroner, os directed by the local registrar, for the medical certificate 
of the cause of death and other particulars necessa.ry to complete the 
record, as specified in sections 7 and 8, And he shall then state the 
facts required relative to the date and place of burial or removal, over 
hia signature and with hia addrees, and present the completed oertificate 
to the local registrar in order to obtain a permit for burial, removal, or 
Qther disposition of the body, The undertaker shall deliver the burial 
permit to the p<>reon in charge oC the place of burial before interring or 
otherwise disposing of the body, or shall attach the removal permit to 
the box containing the corpse, when shipped by any transportation 
oompany1 said permit to accompany the corpse to its destination, 
where, if within the State of --, it shall he delivered to the pereon 
in charge of the plaoo oC burial. 

[Every personj firm, or corporation selling a casket shall keep a record 
showing the name of the purchaser1 purchaser's post-office address, 
name of deeeased, date oC death, and placc of death oC deceosed, which 
record shall he open to inspection of the State Registrar at all times. 
On the first day of each month the person, firm1 or corporation selling 
caskets shall report to the State Registr&r each sale for the preceding 
mouth, on a blank, provided for that pu.rpose: PrQIJ'ided, lwwev<lr, 'rhat 
no person, firm, or corpOration selling caskets to dealers or underta.ker5 
only shall be required to keep such reoord, nor shall such report be 
required from undertakers when they have direct charge of the disposi· 
tion of a dead body. 

Every person, firmJ or corporation selling a casket a.t retail~ and not 
ha.ving charge of the disposition or the body, shall itlClose within the 
nasket a notice furnished by the State Registrar calling attention to 
the requirements of the law, a bl:wk eertidoate of doo.th, and the rulea 
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ODd regulations ol tM State board of health concerning the burial or 
other disposition of a dead body.]' 

SEC. 10. That if the interment or other disposition of the body is to 
be tnade within the State, the wording of the burial or removal permit 
may be limited to • stateroent by the "'gistrer, and over his signa.tur.., 
that a satisfactory eertifleate of death having h<en filed with him, ao 
required by law, permission is granted to inter, remove, or dispose 
otherwise of the body, stating the name, age, sex, eause of death, and 
other neoesaary details upon the form prescribed by the State registrar. 

SEC. 11. That no person in charge of any premises on which iilter~ 
m.mts are made shall inter or permit the interment or other disposition 
of any body unless it is accompanied by a. burial, removal, or tra.nsit 
permit, as herein provided. And such person shall indorse upon the 
permit the date of interment, over his signature, and shall return all 
permits so indorsed to the loeal registrar of his district within ten days 
from the date of interment, or within the time fixed by the loeal board 
of health. He shall keep a reeord of all bodies interred or otherwise 
disposed of on the premises under his charge, in ooeh case sta.ting the 
IU\llle of each deceased person, place of death, date of burial or disposal, 
and llJl.me and address of the undertaker; which record shall at fll, 
times be open to official inspection: PrfJVided, That the undertaker, or ,o' 

peroon acting as sllCh, when burying a body in a cemetery or burial' 
ground having no person in c:h.arge, shall sign the burial or removal 
permit, giving the date of burial, and shall write across the face of the 
pel'lllit the words t•No penron in charge," and file the burial or removal 
permit within ten dnys with the registrar of the district in which th 
oometery is located. 

SEc. 12. That the birth of each and every child born in this Stab 
shall be registerod •• hereinafter provided. 

Smc. 13. That within ten days after the date of eaeh birth there she 
be filed with the local registrar of the district in whieh the birth occurr 
a oertiflcate of such birth,. which certificate shall be upon the fot 
adopted by the State board of health with a -.iew to procuring a full a 
aoeurate report with re.spect to each item of information enumera1 
in section 14 of this oet.• 

In each case where a physician, nlld~iie, or person acting e.s mid'\1' 
wao in attendance upon the birth, it shall he the duty of such physic 

1 The provisions in brackets may be useful in States in which m( 
funerals are conduoted without regular -undertakers. 

2 A proviso may be added that shall require the registration, or u 
fication, at a shorter interval than ten days, of births that oeeur in "" 
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midwife, or person Mting 118 midwife to file in accorda.nce herewith the 
certificate herein oontemplated. 

In each case where there was no physicia.n, midwife, or person acting 
""midwife in attendance upon the birth, it shall be the duty of the father 
or mother of the child, the householder or owner of the premises where 
the birth occurred, or the manager or superintendent of the public or 
private institution where the birth occurred, each in the order na.m.ed, 
within ten days after the da.te of such birth, to report to the local 
r~iatrar the fact of such birth. In such case and in case t.he phyeioian1 

midwife, or person acting aa midwife, in attendance upon the birth is 
unable, by diligent inquiry. to obtain any item or items of information 
contemplated in .. ction 14 of this a.ct, it ahall then be the duty of the 
local registrar to secure from the person ao reporting, or from any other 
person having the required lmowledge1 such information as will enable 
him to prepare the oortific•t• of birth herein oontemplated, and it aholl 
be the duty of the person reporting the birth, or who may be interro
gated in relation thereto, to anawer correctly and to the beat of his 
knowledgo .U queationa put to him by the looal registrar which may be 
ea.loulatnd to elicit any information needed to make a ootnplete record 
of the bixth as contemplated by said section 14, and it shall be the duty 
ol the informant as t.o any etatement made in aooorda.nce herewith to 
verify such statement by his eignature, when requ ... ted oo to do by the 
loea! regiotrar. 

SEc. 14. That the certificate of birth shall contain the following 
items; which are hereby decla.red necessary for the !ego!, eooW, and 
1anitary purposes subserved by registration records; 1 

(1) Place of birth, including State, county, toWDBhip or town, vill•go, 
lt city. If in a city, the w.a.rd, street, and hou.ao numberj if in a. hospi .. 
lll or other institution, the name or the same to be gi-yen, ill8tead or the 
:r.root and house number. 
( (2) Full name of child. It the child diee without a nome, before the 
crtilicate is filed, enter the words rl Died unnamed.u If the living child 
ns not yet been named at the date of filing certificate of birth, the spaoo 
n "Full name of child" is to be left blank, to be filled out subsequently 
o: a suppletnental report, as hereinafter pto\lided. 
rt;J) Sex of eblld. 
ti~) Whether a twin, triplet, or other plural birth. A separate 

tifiea.te ahall be requirod for each child in case of plural births. 
ru 
0, The following items lll'tl those of the United States standard oorti. 
til~ of bixtb, approved by the Bureau of the Cenoua. 
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(5) For plural births, number of ea.oh child in order of birth. 
(6) Whether legitimate or illegitimate.' 
(7) Date of birth, inchtding the year, month, and day. 
(8) Full name of father. 
(9) Residence of father. 
(10) Color or race of father; 
(11) Age of father at last birthday, in years. 
(12) Birthplace of father; at lea.st State or foreign oountry, it known. 
(13) Oooupation of father. The oeeupation to be reported it engnged 

in any remunerative employment, with the statement of (a) trade, 
profession, or particular kind or work; (b) general nature of industry, 
b1llline.ss, or eetablishmeot in which employed (or employer). 

(14) Maidon nome of mother. 
(16) Reoidenoe of mother. 
(16) Color or race of mother. 
(17) Al!e of mother at last birthday, in years. 
(18) Birthplaoo of mothor; at least State or foreign country, il 

known. 
(19) Oocupatino of mother. The occupation to bo reported i1 

engaged in any remunerative employment, with the ste.ternent of (a) 
trade, profession, or particular kind of work; (b) general nature of 
indlll!try, business, or establiahment in which employed (or employer). 

(20) Number of children born t.o this mother, including pr...,.t birth. 
(~l) Number of children of this mother living. 
(22) The certification of attending physician or midwife.,. to attend

ance at birth, including statement of year, -month, day (as given in item 
7), and hour of bixth, and whether the child was born alive or stillborn. 
This certification shall be signed by the attending physician or midwife, 
with da.te of signature and address; if there is not physician ot midwife 
in attendance, thon by the father or mother of the ~hi!d, householder, 
owner of the premises, or lnlUI.Ager or superintendent of public or private 
institution where the birth occurred, or other competent pet$0111 whose 
duty it shall bo tQ notify the local registrar of such birth, ., required by 
section 13 ol this act. 

(23) Exact date of filing in offioe of local registra.r, attested by his 
official sigMture, and registered number of birth, as hereinafter pro
vided. 

S.:c. 15. That when any certificate of birth of a living child is pre
sented without the statement of the given name~ then the locnl registrar 

1 This question may be omitted i1 desired, or provision may be made 
so that the identity of parents will not be disclosed. 
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shall make out and deliv.,. to tho parents of the child a special blank for 
the supplemental report of the given name of the child, which shall be 
filled out as directed, and returned to the local registrar as soon as the 
child shall have been lt.amt.,'<l, 

S:mc. 16. That every physician, midwife, and undertaker ahall, with· 
out delay, register his or her name, address, imd occupation with the 
local registrar of the district in which he or she residee, or may hereafter 
establish a r<>Siililnce; and shall thereupon be supplied by the local 
registrar with a oopy of thiB act, together with such rules and regulations 
as may be prepared by the State rogistrar relative to its enforcemeot. 
Within thirty days after the close of each calendar ysar caeh local 
registrar shall make a return to the State registrar of all phySicians, 
midwives, or undertakers who have been registered in his district 
during the whole or any part of the preceding calendar yeu: l'rovi.<kd, 
That no fee or other compensation shall be ch&rged by local registrars 
to physicians, midwives, or undertakers for registering their names 
tmder this section or making returns thereof to the State registrar.• 

SEc. 17. That all superintendents or managers, or other persons in 
charge of hospitals, almshouses, lying .. in, or other institutions, public 
or private, to which persons resort for treatment of disea.ses, confinement, 
or are committed by process of law, shall make a record of all the per ... 
sorial and st.atistica.l particulars relative to the inmates in their institu
tions at the date of approval of this act, which are required in the forms 
of the certificates provided for by this act, as directed by the State 
registrar; and thereafter such record shall be, by them, made for all 
future inmates at the time of thrir admittance. And in case of persons 
admitted or committed for treatment of disease, the physician in charge 
shall specify for entry in the record, the nature of the disease, and 
where, in his opinion, it was oontra.cted. The personal particulart'l and 
information required by this section shall be obt.ained from the indi
vidue.l himself if it w practicable to do so; and when they can - be so 
obtained, they shall be obtained in as complete a manner as possible 
from relatives, friends, or other persoll6 acqua.inted with the facts. 

SEc. 18. That the State registrar shall prepare, print, and supply to 
all registrars all blanks and forms ueed in registering, recording, and 
preserving the rettlt'nS, or in otherwise carrying out the purposes of this -
a.ct; and sluill prepare and issue such detailed instructions as may be 
required to procure the- uniform observance of its provisions and the 

1 This section may be omitted if deemed expedient and the duty of 
supplying instructions may be aaaumed by the State oftleer. 
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maintenance or a perfect system of registration i and no other blanks 
oluill be used than t.hosc supplied by the State registrar. He shall care
fully examine the certificates received monthly from the locall'egiatrals, 
e.nd if any such are incomplete or unsatisfactory he shall require such 
further information to he supplied as may he n_,.y to make tbe 
record complete and S&tisfactory. And all physicians, midwi....,, 
informants, or undertakers, and all other persons having knowledge of 
the facts, are hereby required to supply, upon a form provided by the 
State registrar or upon the original certificate, such information as they 
may possess regarding any birth or death upon demand of the State 
registrar, in person, by ma.il, or through the local regif.!trar; Prwid«l, 
That no certificate of birth or death, after its acoopts.noo for registration 
by the local registrar, and no other record made in pursuance of this act, 
shall he altered or changed in any respcet otherwise than by amendments 
properly dated, signed, and witnessed. Thn State registrar shall 
further arrange, bind, and permanently preserve the certificates in a. 
systeroatie manner, and shall prepare and maintain a comprehensive 
and continuous oard index of all births and deaths registered; said 
index to be arranged alphabetica.lly, in the case of deaths, by the names 
of dceendents, and in the case of births, by the names of fathers and 
mothers. He shall infonn all regietrars what diseases are to be oon· 
sidered infectious, contagious, or communicable and dangerous to the 
public health, as decided by the State board of health, in order that 
when deaths occur from such diseases proper precautions may be taken 
to prevent their spread. 
· H BllY cemetery eompany or association, or any church or historical 

society or assooi.&.tion, or any other company, society, or association, 
or any individual~ is in possession of any reoord of births or deaths 
which may be of value in establishing the genealogy of ally resident of 
this St.ate, such company, societyj a.ssociatioD, or individual may file 
such record or a duly authenticated transcript thereof with the State 
regiatra.r1 a.nd it shall be the duty of tho Statt> regietra.r to prest>..rve such 
reoord or transcript and to make a record and index thereof in such form 
., to facilitate the finding of any information contained therein. Such 
record and index shall he open to inspcetion by the public, subject to 
such reasonable conditions as the State registrar may preecribe. If 
any person desires a transcript of any record filed in accordance here
with, the State registrar shall furnish the same upon application, to
gether with a certificate that it is a true copy of such record, as filed in 
his office1 and for his services in so furnishing sueh transcript and 
certificate be ahall he entitled tc a fee of (ten eents per folio) (fiftY. eenta · 
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per hour or fraction of a.n hour neoossarily consumed in making such 
1Jra.nee.ript) and to a fee of twenty-five cents for the eertifi.cate, which 
re.. shall he paid by the applicant. 

Sec. 19. That each IO<lltl registrar shall supply blank forms of certi
ficates to euch persons as require them. Eaeh local registrar shall 
carefully exa.mino caeh cer<Uicate of birth or death when ptell<lllted for 
record in order to aaoot't<lin whether or not it has been made out in 
acoorda.nce with the provisions of this act and the instructione of the 
State registrar; and if any cer<Uicate of death is inoomplete or lllU!atis
factory, it shall he his duty to call attention to the defects in the returo, 
and to withhold the bnrial or removal permit until eucb defects are 
oorrected. All certificates, either of birth or of death, shall he written 
legibly, in durable black ink, and no certificate shall he held to he com
plete and oorroot that doea not supply all of the iteme of infoi'Illation 
ca.lled for therein, or satisfactorily account for their omission. If the 
certificate of death is properly executed and eoroplete, he ehall then 
issue a bux.ial or removal perurit to the undertaker; provided, tbtl.t in 
.,... the death oceurred from eome disease which i• held by the State 
board of health to be infectious, conta.gious, or commlUliCAble and 
dangerous to the public health, no permit for the removal or other die
poaition of the body ehall be issued by the registrar, except under such 
conditions as moy be preocribed by tbe State board of health. I! a 
certificate of birth is incomplete, the local registrar ehall inunediately 
notify the informant &nd require him to supply the missing items of 
information ii they can be obtained. He shall number consecutively 
the certificates of birth and death, in two separate series, beginning 
with number 1 lor the first birth and the first death in caeh calendar 
year: and sign his name as registrar in attest of the date of filing in his 
office. He shall aJSQ make a complete and accurate copy of each birth 
and each death certificate registered by him in a record book supplied 
by the State registrar, to be preserved permanently in his office ae the 
local record, in oWJh manner .. direeted by the State registrar. And 
he shall, on the tonth day of each month, transmit to the State registrar 
all original certificates registered by him for the preceding month. And 
if no birthe or no deaths occurred in any month, he ehall, on the tenth 
day of the following month, roport that fact to the State registrar, on a 
card provided for such purpose. 

SEc. 20. Tbat each local registrar shall be paid the sumo! twenty-five 
cents for each birth C<>.ttilicate and each death certincA>te properly and 
oompletely made out and registered with him, and correctly recorded 
and promptly returned by him to the State regiatra.r, as requited by 
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this act.1 And in ease no births or no deaths were registered during 
any month, the local registrar shall be entitled to be paid the sum of 
twenty-five cents for each report to that effect, but only if such report 
be made promptcy "" required by this a.ct. All amounts Jl"'Yable to & 

local registmr under the provisions of this section shall be p&id by tbe 
treasurer of the county in which the registration diotrict is located, upon 
oertification by the St~te registmr. And the State registrar shall 
annually certify to the treasurers of the several counties the number of 
births and deaths properly registered; with the names of the local 
registrars and the &mounts due e .. ch at tho rates fixed herein.' 

SEc. 21. That the State registrar shall, upon request, supply to any 
applicant a certified copy of the record of &ny birth or death regimered 
under provisioll8 of this aot, for the making &nd certification of which 
he shall he entitled to a fee of fifty cents, to he Jl"'id by the applicant. 
And &ny such oopy of the record of a birth or death, when propercy 
eertified by tbe State registl"'r, shall be prima facie evidence in all 
oourts and places of the facts therein stated. For any search of the 
files and records when no certified copy is madet the State registrar 
aball be entitled to • fee of fifty cents for each hour or frMtional part of 
an hour of time of seareh, sa.id fee to be p&id by the applicant. And the 
State registr&r sball keep a true and correct acoount of all 1- by him 
received under these provisions, and turn the same over to the State 
treasurer: Protridtd, That the State registrar shall, upon request of any 
parent or guardian, supply, without fee, a ecrtificatc limited to a state-
ment .,. to the data of birth of aoy child when the same shall be neces
sary for adlnission to school, or for the purpose of securing employru.ent: 
And providedfurther1 That the United Sta.tes Cen.sus Bureau may obtain, 
without expense to the State, lralll!Cripte, or eertified copies of birthe 
a.n.d dea.tha without payment of the fees herein prescribed. 

S.E.c. 22. That any person. who for himself or as an officer, agent, or 
employee of any other person, or of any oorporation or partnership (a) 
sha.ll inter, cremate, or otherwise finally dispose of the dead body of a 
human being, or permit tho same to be done, or shall remove ss.id body 
from the primary registration district in which the des.th occUrred or 

1 A proviso may be inserted at this point relative to fees of city 
registrars who are already compensated by salary for thcir serviees. 
See la~ of Missouri, Ohio, and Pennsylvania.. 

t Provision may be made in this BE',ction for the payment of sub
registrar• and also, ii desired, lor the Jl"'yment of physicin.no and mid
wives. See Kentucky law. 
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the body was found without the authority of a. burial or remov&l permit 
issued by the local registrar of the district in which the death occurred 
or in which the body was folU1d; or (b) shall refuse or fail to furnish 
correctly any information in hi~ possession, or shall furnish false in .. 
formation a.ffooting any certificate or rceord, required by this actfor 
(c) shall willfully alter, otherwise than is provid~.,>d by section 18 of this 
ac:t, or shall fnl.'iify any eert.ifieatc of birth or death1 or any record 
established by thi• act; or (d) being required by this act to fill out a 
certificate of birth or death and file the same with the local registrar, 
or deliver it, upon rt:quest, to any person charged with the duty of filling 
the same, <!hall fail, neglect, <u• refuse to perform such duty in the 
ruanner required by this act; or (e) being a local registrar, deputy 
registrar, or subrcgistrar, shall fail, neglect, or refuse to perform his 
duty as required by this net and by tho instructions and direction of tho 
State registrar thereunder, shall be deemed guilty of a misdemeanor, 
a.nd upon conviction thereof shall for the first offense be fined not less 
than five dollara (1>5) nor more than fifty dollars ($50), and for eaelt 
subs~quent oHenso not less than ten dollars ($10) nor more tha.n one 
hundred dullard ($100), or beimprisoued iu the oounty jail not more than 
shiy days, or bo both fined t.Wld imprisoned ill the discretion of the 
court.1 

SEc. 23. That each locu,l reghltrar is hereby charged with the strict 
and thorough euforcmru:mt of the provit)ions of t..hi:; act in his registration 
districtt under the supervision and direction of thl~ State registrar. 
And ho shall make an immediate report to the Stntc rogi~trar of any 
violation of this law coming to his: knowledge, by observation or upon 
complaint of any person or otherwise. 

The State registrar is hereby charged with the t.borough and efficient 
execution of the provisions of thi'l a<tl .in every part of the State, and is 
hereby granted supervisory powor over local registrars, deputy local 
registrars, and ~uhre>gi~:~t.rllr~ to the end that nll of its roquin~ments shall 
ho uniformly comtJllcd with, The Stat,p r!~gislrar1 either personally or 
by an a.ceredit-cd reprcsenhtt.ivc, Hhnll have :ntthority to inve~tigatc 
t.!QS('$ of irt1'~arity or violo.tiou of law, and all registrars shall aid him 
upon requnstt in HUCh investigations. When he shall deem it necessary 
lw :ilin.ll rPport Ci:tses of violation of MY of the provisions of this aet to 
the prosecuting nttorncy of the count.y, with l\ statement of the ftt.ets 

1 Provision mny be mado whornhy eornpliance with this act shall 
eon.'ltitute a condition of granting licenses to physicians, midwives, and 
embalmers. 
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and C'.ireumata.nces; and when any such case is reported to him by the 
State registrar the proseeuting attorney shall forthwith initiate and 
promptly follow up the necessary court proceedings against the person 
or corporation responsible for the alleged violation of law. And upon 
request of the State registrar, the attorney p.;eneral shall lUlsist in the 
enforrement of the provimona of this IWt. 

NOTJ<.- Other sections should be added giving the date on which 
the act is to go into cffcct1 if not determined by oon:stitutionul provisions 
of the State; providing lor the ti.nancW. support of the law; and repeal
ing prior statutes inconsistent with the present act. 

It is desirable that tho entire bill should be reviewed by competent 
legal authority for the purpose of discovering whether it can be made 
more consistent in any respect with th~ general form of legislation of 
the State in which the bill is to he introduced, without material change 
or injury to the effectiveness of registration. 

THE STANDARD BIRTH AND DEATH CERTIFICATES 

The following are facsimile reproductions oi the standard birth and 
death certificates. They have been reduced in size to rnect the require .. 
menta of the printed page. Th~ size of the birth certifico.te is 6l by 
7-1 inches, and of the death certificate 7t by 8~ inchos. Copies can be 
obtain.ed from the Director of the Cenaus upon request. 



1. PI.,a: 01' Butm
Comn-Y ..... 
TOWJ\1-s&IP .. 

CnY .. 

JJ21'.'\BTMERI' OF Co»MJ:IK:E- BuBEAtr or nn: CL."i.&va 

&n.HDAJID CEltl'DH:A<n a. Bnr;ra 

Stat&YdeNo ..••..•.••.••. ~ 

Registered ~o .... 

.., .. , •• ,.,,.,,.,,,,,, Su.TE ....... ,,.,,,,,,, .................. . 

. ..... ,, .. ,.,,.,,.,,,,,OR VILUG£, ...................................... .. 

:fo... ''"" ............................. Sr.... . .......................... W.\BD 

{If birth ooe-.1-'Ted in a hospital oc ln.st~tution, gi\-u its XAME ;.'lS-.ead ot meet and nwnber} 

I 

I hereby certify tha.t I attended the birth of this child. who was '{BOT~' a.u:.re w9.!tillhOWY ... m. on tlle date !>bove stated ..•.••• 

{ * Jfiea tiere w.u 110 a~p p1trsit*n or m-¥wife, thn ', . 

\

th.e J'Wher, .Muulwlder. etc .• 8haul4 make thi8 rdUrn. ) 8j;gnat;Ut""e ....................................................... . 

~il~i::l"Jt::ft~ihbfrt'h~i.ther broo.thes rn»' dlou.'a , . , ........ , ...... (P~ M' MidWife)· ·. · • .... · ... • • 
Given runna add<!d from 
a. supplelnentai report .. , ..................................... .. 

{Mcmtb.. da.y. )'-etU') 
Ad.n-.............•...•...•.................•.•.••..•.••.•• 

Filed .............. 1G ... . .. ••••••• u ................... . 

&gim-ar. I 
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SUPl>LEMENT.U, REPORT OF BlRTH 
(STAB) 

(Thia return should preferably be m111de bytheperaon who made the original) 
Regislered N t4'l'tl.bn • • 

1-'lace o/ birth 1 • . No., ..... . .. St. 

l'Al>JE'----------

11'fleat'l he~ to be euter(M'l by the 
Registrar beforo giving out this form. 

I HEREBY CERTIFY that the 
child de3f.lrlbed herein 
hllB been named: 

(Signatur&) .•••••••••••.• , ... , • 

.... . ....... . 
(Pb.tJi¢iw u lllla-nt.) 
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Bl]li~AU OF 'I'BN QEN13L">:I 

STANDARD CERTIFICATE OF :OEAT:S: 
t I'J,ACE OF DEATH 

Count)" ..... . 
Tl}o;,'n:o~hip •.• 
City ..... 

. , , , . , .State, .. .... Roglahlted No, 

. .... , . ,or ViUage· .. ••.•. ox 

... No,., .. , ......................... St., ...... Wa.rd 
(H dcut.h occurred in u. ho.spital or iMtitution, 

give its >'lAME i111;t.oad o! str~i. and nutnber.) 

IJ'1JLL !II'A.Miil.,,,,,,,,,,,.,., 

(r~) RoAidenco. NI),,,,, •. , ... , ... St., . Wftrd 
(t:'~ual plnce of abodo) (11 oonremdellt ~l.ve ctty ot' town and State) 

Lem{th of rcKidtmce ineity or town How long in U.S 1 if of for· 
where de::1th o<:<:-u:rred, ;yra. moa. d!l. cagn birth? Yrtil mos. d11, 

~i£$~~~~~~~~~~11_CA:l'~~~u~Mj~ Mt:WCAL CJ:ttmtcAnJ OF o:u~a 
~ sm:~~: I ~coLOR I~ Sir1J;le, Mttrriad,

1

11Do\'I'!C 0,. Pt!ATH (month, day, and 
on nM:m W!Uvwed, 01· yen.r) HI 

Drvorced 
(Writt t.lle word} 11 1 llERf.jfiV Cli:RTIFY, That 

li----,.-"-c___,.-cc'--,---------- l attenaed ~ hurn 
r. If 1mrrried, widowed, or J:vQrC!Xl · · ·• 19, • • ·• to ...••••.• , 19 •• 

ntY.at\~tJ of tl1~:~t TlMt aa.w h ... aliveoa., . ., Ut., 
(ot) Wt!l'l': of and that dentb ooourred, on the 

date trtated above, at .... , , ••.•• m. 
The G.\. (1~ OJ! tHM.'l'Jl • was as foliGWII: 



APPENUIX IV 
TABLE VL-LOGABITH!IIS OF NUMBEBS. 

_N_~~0--~1~~9~~8~-4~-5~~6--~7 ___ s ___ 9~l 
100 00000 00043 00087 00130 00173 00217 00260 00303 00346 00389 

1 0432 0476 051~ o561 0604 0647 0089 0732 ons 0817 
t 08110 0903 0046 0988 1030 1072 1115 1157 1199 1242 
8 1284 1326 1308 1410 1462 1494 1636 1678 1620 1662 
4 1703 174& 1787 1828 1870 1912 1963 1995 2036 2078 
6 2119 2160 2202 2243 2284 2326 2360 2407 2449 2400 
8 2631 2572 2612 2053 2604 273,! 2776 2816 2867 2898 
T 2038 2979 3019 3060 3100 3141 3181 3222 3262 3302 
8 3.'!42 3388 3423 3463 3503 3M3 3583 3623 3603 3703 
9 3743 3782 3822 8862 300'J 3941 3981 4621 4060 4100 

110 04139 04179 04~18 04258 04207 04330 04376 04415 04454 04493 
1 40.'12 4571 41!10 4650 4689 4727 4766 480o 4844 4883 
t 4922 4001 4090 6038 5077 5116 6164 5192 5231 5269 
8 6808 6346 b.'lBS 5423 8401 5,100 6538 5676 6614 6652 
' 6690 5729 o767 680.1 5843 6881 oo1s 5966 5994 ooa2 
6 oo7o 0108 0146 6183 0221 o2u8 6296 oaaa 61171 6408 
8 6446 6483 6521 0658 6595 6633 6070 6707 6744 6781 
T 6819 6856 6803 0930 0967 7004 7041 7078 711,1 7151 
• 7188 722,1 7262 7298 7335 7372 741!8 7445 7482 7518 
9 76&~ 7f>lll 7628 70<14 7700 7737 7773 7808 7846 7882 

11!6 07918 07954 07090 08027 08963 08099 08135 08171 08207 08243 
1 8279 8314 8.160 8380 8422 8458 MIJ:) 8520 8565 8600 
S 8630 8672 8707 8743 8778 8814 8M9 8884 8920 8965 
3 8991 9026 9001 9096 0132 9167 9202 9287 9272 9>l07 
4 9842 9377 9412 9447 9482 9517 91>52 9587 9621 8630 
6 9691 9726 9760 9795 9830 9804 9809 9934 9968 10003 
6 10037 1007210109 10140 1017~ 102091024310278 10312 0346 
7 0380 9415 0449 0488 0517 0651 0585 0619 0053 0687 
8 0721 0755 0789 0823 0857 0800 0024 0958 0092 1026 
9 1069 tooa 1126 1160 uos 1221 1201 1294 1s21 1361 

180 11394 11428 114611149411528 11561 1150411628 11661 11694 
1 1727 1760 1793 1826 1860 1893 1926 1969 1992 2024 
2 2067 2090 2123 2166 2189 2222 2264 2287 2320 2352 
3 2385 2418 2400 2483 2616 2548 2681 2613 2640 2678 
4 2110 2743 277o 2808 2840 za12 200.1 2937 2969 3001 
6 30.~3 3066 3098 3!30 3102 3194 3220 3258 3290 3322 
6 3364 3386 3418 34~0 3481 3513 8045 8577 3600 3040 
7 3072 3704 3735 3767 3799 3830 38112 3893 3925 3956 
8 3988 4019 4051 4082 4114 4145 4170 4208 42.'l9 4270 
9 4301 4333 4304. 4395 4426 4467 4489 4620 4661 4682 

l!W 141!1314644141!75 14706147371476814799148261486014891 
1 4922 4953 498!; 6014 5945 6076 5106 ll137 5168 6198 
2 6229 1;259 5290 6320 685i 6381 6412 6442 6473 6003 
8 6534 5504 13094 M2S 565~ 6085 5715 6740 5776 6806 
4 5836 5866 0897 [>927 5957 5987 6017 6047 6077 0107 
6 6137 6167 Olll7 6227 6250 6286 6310 6S46 6376 6406 
6 6436 6465 64lll 6624 6654 0584 6613 0643 0073 6702 
7 6782 0761 0791 6820 osso 0879 6090 6938 6967 6007 
8 7026 7056 7085 7114 7143 7173 7202 7231 7260 7289 
e 1s1v 7348 7377 11oo 7435 7464 7403 7622 7501 7686 

150 176091768817667 17696177251716417782178111784617869 



TABLE VI.-LOCIARITHMS OF NUMBER8. 552 

N 0 1 2 8 4 5 6 7 8 0 

150 176091763817067 17600 1772.11716417782178111784017869 
1 7898 7!126 7965 7084 8013 864! 8070 8600 8127 8166 
9 8184 8213 8241 8270 8298 8327 8~05 8384 8412 8441 
3 8469 8498 8526 8054 8583 8611 8039 8667 8096 8724 
4 8762 8786 8808 8837 886,1 8898 89'.11 8!l49 8977 9005 
5 9033 9061 9089 9117 0146 9173 9201 9'.!29 9257 928.1 
6 9312 9340 !1368 9390 9424 9451 9479 9507 953~ 9662 
1 oaoo oo1s !ltl45 9673 9700 11728 9756 9783 9811 9838 
8 0800 9800 9921 9048 0070 20003 20030 20058 20085 20112 
9 20140 20167 20104 20222 20l!40 0276 0300 0880 0368 038.1 

160 20412 20489 20466 2049.~ 20620 20548 2057$20602 20629 20656 
1 0688 0710 0737 0763 0790 0817 0844 0871 0800 092.1 
2 0052 0978 1005 !022 lObO 1085 1112 1180 1165 1192 
8 1219 1245 1272 129'J 1326 1352 1378 140,) 1431 1458 
4 1484 !511 10.~1 1564 !GOO 1617 1643 1009 1600 1722 
5 1748 177.> ISO! 1821 1854 1886 1006 1932 1958 198.1 
6 2011 2037 2063 2080 2115 2141 2107 2Hl4 2220 2246 
7 2272 2298 2324 23£0 2:l76 2401 2427 2463 2479 2605 
8 2531 2657 2683 2608 2684 2000 2686 2712 2737 2763 
9 2789 2814 2840 2866 2891 2917 2948 2008 2004 3019 

170 2304; 23070 23000 23121 23147 23172 28198 23223 23249 23274 
l 8300 8325 3850 3376 3401 8426 3452 3477 3592 3528 
2 8553 8578 H603 3029 3054 3CJ10 370~ 8729 37M 3719 
3 B86S ssoo ssss ssso llOOl aoao sous soso 400.1 40SO 
4 4055 4080 410,1 4180 4!5,1 4180 4204 4229 4254 4279 
6 4804 4329 4363 4378 4403 4428 4452 4477 4602 4627 
6 4551 4576 41)01 4026 4650 41!74 4699 4724 4748 4773 
T 4797 4822 4846 4871 480o 4020 4944 4009 4903 5018 
8 5042 6060 5091 5115 5!39 5164 6188 6212 5237 5261 
e 628o 531o 5334 5368 oas2 MOO 6431 MO£ M7o 5503 

180 25527 25551 251i75 25600 25624 25648 25G72 25696 25720 25744 
1 5768 5792 6816 6840 6864 6888 5912 59.% 5959 5983 
a ooo7 6031 605.\ oo79 6102 o126 6150 6174 6198 6221 
8 6245 6269 62()3 6316 6340 0304 6387 6411 643,1 6468 
4 648.\l 1)005 6029 6553 6676 6600 0023 6047 6670 6604 
~ 6717 6741 6764 6788 6811 6834 6858 6881 690.'; 6928 
8 6951 607.'; 69!18 7021 7045 7068 7091 7114 7138 7101 
7 7184 7207 7231 72M 7277 7300 7B23 7346 7370 71100 
8 7416 74.~0 7462 7485 7508 7531 7554 7577 7600 7623 
9 7646 7000 709'J 7715 7738 7761 7784 7867 7880 7852 

190 27876 27898 27921 27044 27007 27989 28012 28035 28058 28081 
1 8103 8126 8149 8171 8194 8.\117 8240 8262 8285 8307 
2 8330 8353 8375 8398 8421 844.~ 8400 8488 8611 8683 
8 8556 8578 8601 8623 8640 8068 8691 8713 8735 8758 
4 8730 880.~ 882,1 8847 8870 88P2 8{114 8937 8059 8981 
6 0000 0026 9048 0010 0092 Ol!S 9137 9159 918! P20.3 
6 9226 9248 9270 9292 0314 9386 9llt.S 9380 9403 942.'; 
T I 9447 9469 9491 0<318 9f>8S 0567 9579 9601 9628 004.1 ·t 0007 0088 9710 9732 9764 0776 9798 9820 9842 9863 
9 ll88l> 0007 0029 001\1 0073 9994 80016 30038 30060 30081 

100 i 30103 30125 30146 30168 80100 80211 80233 3025,1 30276 30298 



TABLE VI.-LOCIARITHMS OF NUMBJ>RS. 553 

& 6 '1 8 9 N01284 
-lc:c-c-:-::~=-~- ----·- ·---~-::-----:--:--! 
200 30103 3012£ 30146 30168 30100 :)()211 30'2l~130'255. 30276 002\)8 

1 0320 0341 0363 03Si 1>!06 04:>.8 0449 0471 04!1'2 05\4 
2 0585 0557 Oll78 0600 0021 0643 OH&I OOSf> 0707 0728 
a 01,1o o1n oru2 osa ossa osw 0878 osoo 09'JO 0\142 
~ ooos 0984 1006 1027 1048 1069 1001 1112 ll33 1104 
5 1176 1197 1218 1239 12C>O 1281 130•.l 1323 184$ 1366 
6 1387 1408 1420 14~0 1471 1402 1513 1584 1555 1676 
1 1607 1618 1639 161l0 1081 170'2 1723 1744 176~ 1785 
8 1806 1827 1848 1869 1800 1911 1931 1952 1973 1994 
9 201,1 2036 2006 2071 2008 2118 2139 2160 2181 2'201 

210 32222 32243 32203 32284 3230;; 32325 32346 32366 32387 32408 
1 2428 2441) 2409 2490 2510 25:31 2552 2572 2693 2613 
2 2634 2654 207,i 209~ 2715 27!16 276<1 2717 271)7 2818 
3 2838 2858 2879 2809 2910 2040 2060 2080 8001 3021 
4 3041 30(12 3082 3102 3122 814f.l iH63 3188 32{)8. 3224 
5 32H ~204 3284 3304 3025 1!345 3:l65 338f> 3405 3426 
s 3445 340» 3480 a&oo 3&26 3546 856il 3580 3606 atl26 
1 3646 30fl6 3fl80 3700 3726 3740 ll71l6 3780 3808 3826 
8 3846 3866 3881i 3905 3925 8u4u 8a8o 8085 400S 4025 
9 4044 4064 4084 4104 4124 4143 4103 4188 4203 4223 

220 34242 342!12 84282'!4301 34321 34341 3·13M 34380 84400 84420 
1 4439 4460 4479 44H8 MilS 4537 4fiG7 4577 4696 4fi16 
9 46:J& 4055 41J74 41<!14 47!3 4733 4753 4772 4792 48!1 
8 48!10 4>!>0 4809 48Bfi 4008 4!128 404 7 4007 4086 5005 
4 00~5 5044 60114 008~ 5102 5122 5141 5160 5180 5100 
6 5218 6238 62&7 6276 62M n~ns 53:~4 5353 5372 U392 
6 0411 0430 0449 54118 5488 5507 552() 5545 5564 5583 
7 M0.1 662'J f!641 5660 5670 f>!IOS 5717 5736 5755 5774 
8 579.1 5813 68.'l2 5851 5870 5880 5008 5927 5!)46 596~ 
9 5984 !lOW 6021 6040 6059 0078 6007 6116 6135 6154 

230 36173 36192 3621130229 30248 302!17 36286 3630~ 30324 00,~42 
1 6361 6:J80 11399 0418 f\4,~6 6450 6474 6493 Mll 66llO 
g 6541) 6668 6586 &10,1 6624 6642 6661 6680 6698 6717 
3 6736 6754 6773 6791 6810 6829 6847 68tl6 6884 6903 
4 6022 6940 6969 6017 6006 7014 70.33 7061 7070 7088 
6 7107 7125 7144 7!62 7181 7199 7218 7236 7204 7273 
8 7201 7310 7ll28 7ll40 736,1 700,3 7401 7420 7438 7467 
1 747~ H!l3 7511 7630 7r>4S 7066 7i>S5 7&<l 71121 7639 
8 7668 7676 7694 7712 7731 7749 7767 7785 7~1'~ 78'22 
9 7840 7806 7876 7894 7912 7illll 7ll49 7007 7!J8S il003 

240 38021 88030 38057 38070 88003 38112 38130 38148 38166 38184 
1 8202 8220 82>18 825f) 8274 8202 8310 8328 8340 8364 
t S38'J 8309 8417 8435 8453 847! 848ll 8507 8u2S Sf>43 
8 8061 8578 8596 8014 8632 8050 8008 8086 8703 8721 
' 8739 8707 8775 s1o2 8810 ss2s ss4o 8863 8881 ssoo 
5 8017 8934 89f!2 8970 8987 OOO!) 002:1 9041 0058 007(1 
0 9094 9111 9139 0146 0104 {)182 0Hl9 02!7 028> !1252 
7 1!270 9'287 9305 9322 !!340 !1:158 !):175 9303 0410 9428 
8 9445 9403 9480 9498 9515 \)():13 0550 9568 0585 9502 
9 9620 9637 9655 ~672 0690 0707 0724 9742 9769 9777 

260 39794 39S1!89820 39846- 311881 39898 39915 39933 39950 



004 TABLE Vl~-J,OGARI'rHli!S Ol!' NUMBERS. 

N 0 1 2 3 4 IS 6 1 8 9 
250 39704 39811 :~J820 3\1840 3!J803 30881 3\1808 80915 39033 30960 

1 9007 OU8l 40002 401119 4Q037 40054 40071 40088 40106 40123 
2 40140 40157 011,1 OJirJ o~oo O"J211 o~s 02!11 0278 0295 
3 0312 0329 W146 03114 OlJHI 0:11J8 0·115 04112 0440 0466 
4 0483 0500 0518 0035 0552 OMO 0586 000.'1 0620 063'1 
5 0034 0071 0088 0705 0722 07:19 0700 0173 0790 0307 
6 0824 0841 0808 087,1 0892 000\J 09:W 0943 0660 0976 
y 09\J3 1010 1027 1044 1001 1078 1095 1111 1128 1145 
8 1162 117\1 11\10 1212 1220 1246 1268 1280 1291! 1313 
9 1330 1347 136:l 1380 1397 1414 1430 1447 1464 1481 

260 41407 41514 41531 41647 41564 41081 41597 41614 416.'!141647 
1 161)4 1081 1007 1714 17:31 !747 l7G4 1780 1797 ISH 
2 1830 18~7 1803 1880 1800 !913 1029 1046 1003 1079 
3 19\J6 21H2 2WJ9 2015 2002 2078 200S 2111 2127 2144 
4 2160 2117 2193 2210 2226 2243 2259 2275 229'2 2008 
6 2325 2341 2:Jr.7 2374 28\lO 2tll6 242-1 2439 2455 2472 
6 2488 2604 2;')21 2{);~7 ~56il 2i;7h 2086 2002 2019 2635 
Y 2Gol 21107 2084 27110 2710 27;12 27-19 27GS 2781 2797 
8 2813 2830 2846 2802 2878 28114 21.Hl 2927 2H4~l 2959 
9 2975 WJI 3008 3024 3040 3050 3072 3088 3!04. 8120 

270 43136 43152 43169 4318S 4.~20143217 43233 43249 4326S 41!281 
1 3207 31Jt3 as2o 3:J4S aa61 a:m s:wa 3400 3425 844! 
~ 3457 3473 8489 3605 8o21 a6:J7 ar.:;.3 aooo :l584 oooo 
3 8016 36:12 3648 3004 S080 3696 3i12 3727 3743 3759 
4 3775 3701 3807 3823 3838 3854 8870 3886 3902 3917 
5 3933 3949 3965 3981 8996 4012 4028 4044 4069 407/l 
e 4001 4107 412'~ 4138 4tM H70 418o 4201 4217 4232 
7 4248 42G4 4279 429,1 4311 4326 4342 4358 4373 4389 
8 4404 4420 4430 4451 4467 448.3 4408 4514 4529 4545 
9 ~500 4676 4592 41!07 4023 4638 4604 4669 4685 4700 

280 44716 44731 44747 H762 44778 44793 44809 44824 M840 44855 
1 4811 4886 4002 4~)17 49,12 4918 41J83 41179 4004 5010 
2 002~ 5040 0056 0071 5086 5102 6117 5133 6148 5!63 
3 ll110 5194 1)200 522,1 6240 5255 6271 6286 6301 5317 
4 5;3:!2 5347 6302 5378 5:!93 0408 0423 6439 0404 0469 
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' oosz ooss onna nons oooo4 901J0l) ooo1s 00020 00026 00031 
6 00037 90042 90048 OOOG:l OOGO 0064 OOGO 007 5 0080 008~ 
8 0091 6091 0102 0108 011~1 OliO 0124 0120 013S 0140 
7 0146 0161 0167 0162 0108 0178 0170 0184 0189 otn; 
8 0200 0200 0:!11 0217 <1222 0227 02:33 0238 0244 024!l 
9 0255 0200 02flfS 0271 0276 0282 . 0287 0293 0298 0304 

800 90309 90814 90320 90325 00831 00336 90M2 00347 90352 90:l58 



TABLE VI.-LOGARITI!MS OF NUMBERS. 565 

N 0 1 ~a a _4=--=s __ 6:..... __ .. _ __::s_:.....D_
1 

800 90309 90314 90320 90825 90331 90336 90342 90347 ll0352 ll0358 
1 036.3 0369 oaa moo 036.\ woo woo 0401 0407 0412 
• 0417 0423 0428 0434 0439 0445 04,10 0455 0461 0466 
3 0472 0477 048~ 0488 04\l3 0499 0504 oooo 051S 0520 
4 0526 0631 0536 01142 0647 0653 0558 0563 0560 0574 
5 0580 068.\ 0500 05\>6 0001 0607 0612 0617 0623 0628 
6 0034 061)0 0644 06,10 0656 0660 0666 0071 0677 0082 
1 0087 0008 0098 0708 0709 0714 0720 0725 0730 0736 
8 0741 0747 0752 0757 0763 0708 0773 0779 0784 0780 
9 079.1 0800 0800 0811 0816 082'J 0827 0832 0838 0848 

810 90840 90854 00859 90865 90870 90875 90881 00886 008P1 00807 
1 0002 0007 0013 O!Hii 0924 Oir29 0934 0940 0945 0950 
9 0006 0961 0966 On72 0077 0082 0088 0003 01!98 1004 
3 1000 1014 1020 1025 1030 1030 1041 1046 1052 1057 
4 1002 1008 1073 1078 1084 1089 1094 1100 1105 1110 
5 1116 1121 112<1 1132 !1;17 1142 1148 1153 1158 1164 
6 1109 1174 1180 118,\ 11\lO 11116 1201 1206 1212 1217 
1 1222 1228 12ll3 12'18 1243 1249 1254 1269 126l 1270 
8 1275 1281 1286 1201 1297 1302 1307 1312 1318 1323 
9 1328 13.'34 1339 1344 13j0 135,1 1360 1366 1371 1376 

820 01381 01387 91392 91307 91403 01408 01413 01418 01424 01420 
1 14.'34 1440 144S 1450 1456 1461 1466 1471 1471 1482 
2 1487 1492 1498 1503 1508 1514 1519 1524 1520 1535 
3 1040 154.0 1501 1056 15Gl lDGf:l 1572 lti/7 1582 1587 
4 1593 1598 160.~ 1609 1614 1619 1624 1600 1635 1640 
5 1645 1051 1006 1661 1060 1672 1677 1682 1687 1693 
s wos 110s 1709 1714 1110 1724 1730 17:l,l 1110 1746 
1 1751 1756 1701 1766 1772 1777 1782 1787 1708 1798 
8 1803 1808 1814 1819 1824 1820 1834 1840 184S 1850 
9 1855 1861 1866 1871 1876 11:182 1887 1892 1897 1003 

830 91908 01918 01918 01024 91029 9!034 01039 91944 919SO O!O.IS 
1 11160 1965 1071 1076 1081 )1186 1901 1!197 2002 2007 
2 2012 2018 202~ 2028 20:l3 20~8 2044 2040 2054 2059 
3 2oo; 2010 201~ 2oso 2085 20!ll 2oua 2101 2106 2111 
4 2117 2122 2127 2182 2137 2143 2148 2153 2156 2163 
5 2160 2174 2170 2184 2181) 2105 2200 2205 2210 2216 
6 2221 2226 2231 2236 2241 2247 2252 2257 2262 2267 
1 2273 2278 22~8 2288 22P8 2298 2304 230\l 2314 2319 
8 2~24 2330 283> 2840 2845 2850 2355 2361 2366 2;)71 
9 2376 2381 2387 230'J 2397 2462 2407 2412 2418 2428 

840 92428 02433 02438 92443 02449 92454 92459 92464 02469 92474 
1 2480 248S 2490 2491> 2WO 2505 2511 2516 2521 2526 
a 2531 2536 2542 2547 2M2 2557 2562 2567 2572 2578 
3 2583 2588 2593 25!>8 21lil'i 2609 2614 2610 2624 2629 
4 2634 9839 2645 26;0 2tlf>; 2660 2665 2670 2675 2681 
5 2tl86 2691 2696 2701 270tl 2711 2710 2722 2727 27-32 
6 2737 2742 2747 2752 2758 2763 27<18 2773 2778 2783 
7 2788 2793 279ll 2804 280!l 2814 2819 2824 2829 2834 
8 2840 2845 28)0 2855 2860 28H5 2870 2875 2881 2886 
9 2891 2896 2001 2900 2011 2916 2921 2927 2082 2087 

850 192942 02947 92952 92957 92962 92967 9.2973 92978 92983 92988 



566 TABJ~E Vl.-WGAR!TRMS OF NUMBERS. 

N01f.ll341'16189 
850 92942 92947 92952 92-95:-7-9-2D-6:-2:-9:-29-6:-7:-0-29:-7:-3-9-29_7_8_9-2988--92-'988-

1 2993 2998 3003 3008 3013 3018 3024 3029 3034 3039 
8 8044 8049 8064 8059 8IJ64 3069 807.5 3080 808~ 3000 
a 8095 3100 3106 8110 Sllb 8120 3125 3131 3136 3141 
~ 3146 3151 3156 3101 8166 3171 3176 3181 3186 3192 
5 3197 3202 3207 3212 3217 3222 3227 3232 3237 8242 
6 3247 3252 3'153 3263 3268 3'!73 3278 3283 3288 3298 
1 3298 3303 3808 3M3 3318 8323 3328 8334 3339 3344 
8 3349 33M 3359 3364 3369 8374 8379 3384 9889 8304 
9 3300 3404 3409 3414 8·!20 842.' 3430 343S 3440 344~ 

860 03450 0346S 93460 9846£ 93470 98475 93480 93485 93490 93495 
1 3500 3505 3610 3515 8520 35~6 3581 31;:36 3641 3546 
" 3661 3556 :JG61 3566 3571 3576 3581 3580 3591 3506 
s 8001 3606 31lll 3tl16 8621 8626 3631 3636 8041 3646 
4 8651 3666 3661 3800 0071 0076 8082 8687 3611'2 3607 
~ 3702 3707 3712 3717 3722 3727 3132 3737 3742 3747 
6 3762 3767 3762 3767 3772 3777 3782 3787 3702 8797 
7 3392 3007 3312 3817 81!22 3827 33.'!2 3837 3842 3847 
8 3852 8867 3862 8867 3812 3877 9882 3887 3811'2 3897 
9 3902 3907 3912 3917 8022 30;!7 80112 3937 3942 3947 

870 93952 93957 93062 0:1{)(17 93972 98977 98982 98007 93902 98997 
1 4002 4007 4012 4017 4022 40;!7 4032 4<lill 4942 4047 
• 4062 4067 4002 4007 4072 4077 4082 4086 4001 4006 
3 4101 4100 4111 4116 4121 4126 4131 4136 4!41 4HO 
4 4151 4156 41Gl 4lil0 4171 4176 4181 4186 4191 4190 
5 4201 4206 4211 4216 4221 4226 42ill 4236 4249 4245 
6 4260 4255 4260 420[> 4270 4276 4280 4285 4290 4295 
7 4800 4305 4310 431S 4~20 4325 431!0 4335 4340 4345 
8 4349 43M 4309 4!104 4360 4374 4379 4394 4389 4394 
9 4399 4404 4409 4414 4419 4424 4420 4483 4438 4443 

880 04448 94453 ll44f>8 94463 04468 94473 94178 94488 94488 94498 
1 4408 4003 4M7 4512 4517 4522 4U:Z7 4632 4~17 4M2 
9 4547 45!)2 4557 4562 45137 4571 4576 4U81 4586 4MH 
s 4596 4601 4ml6 4611 4016 4621 4626 4630 46;J5 46·10 
4 4645 4660 4HM 4960 4(J(l,l 4670 467~ 4680 468$ 4089 
5 4R84 4600 47114 4709 4714 4710 4724 4729 4734 4738 
6 4U3 4748 4753 4768 4763 4768 4771l 4778 4783 4787 
7 4792 4797 4802 4807 4812 4817 4822 4827 483"~ 4830 
8 4841 4846 48lll 4800 4861 4866 4871 4876 4880 4885 
9 4890 4895 4900 400$ 4010 401£ 4010 4924 4929 4934 

890 94039 04944 94940 94964 94059 94963 94963 94978 94978 94083 
1 4988 4008 41!1l8 ll002 5007 5012 0017 0022 0027 6032 
2 6036 6041 5046 5061 5056 506! 5066 6071 0075 5080 
a 6086 11090 ooos 61oo 5tOS 6109 5114 6110 5124 512!l 
4 6134 6139 M43 b148 6153 6153 6163 6168 6173 5177 
& 5182 5187 6102 6107 5202 »207 6211 6216 5321 6226 
6 6231 52:)6 6240 6245 5260 5255 5260 6265. 6270 5274 
1 6279 5284 6289 5294 5299 5803 6808 6~13 5318 5323 
8 5328 5H32 0.~37 6342 1\.347 5352 6867 5361 5366 0.371 
8 5376 6381 5386 6390 6395 MOO 640J M10 M15 M19 

900 95424 9M29 96434 05489 96444 96448 96453 96453 96468 96468 



TABLE VI.-LOGARITHMS OF Nt:MBERS. 567 

8 9 N 01~3456'7 
--1---~-----------~-1 
900 96424 9(\429 9(>4.'14 96439 96444 96448 96468 96468 96463 96468 

1 5472 6477 6482 6487 6492 5497 5&01 5506 6511 5516 
2 6521 0525 65UO 658/i 5540 564.1 65.10 6664 6569 5564 
8 6569 6574 5578 5583 5583 5693 5598 0002 6607 6612 
4 6617 vo22 DG26 ws1 5636 5041 uo46 156oo 5655 5660 
0 1566$ 5670 5674 6070 6884 5689 6884 6898 6703 6708 
6 5713 6718 6722 5727 5732 5737 5742 574~ 5751 5756 
7 5761 5766 6770 677i'> 6780 678.1 5789 5784 5799 5804 
8 5800 5813 5818 5828 5828 6832 5887 5842 6847 5852 
9 0856 0861 6806 6871 0875 0880 5880 5890 689,1 6899 

910 95904 95909 95914 05918 95023 05928 05083 95038 96942 05947 
1 6952 61167 6961 6966 6971 6976 5!l80 61185 6900 6995 
2 5099 6004 6009 0014 60)9 602~ 6028 6033 6038 6042 
s 8047 6062 6067 6001 6066 6071 6076 6080 6085 6090 
4 6005 6099 6104 6100 6114 6118 6123 6!28 6133 tl\87 
6 6142 6H7 6152 6156 6161 6166 6171 6176 6180 6185 
6 6190 6104 61UO 6204 6200 621') 6218 6223 6227 6232 
1 tl237 6242 o24o a261 o2w 0201 o2or, 0210 oz1s 6280 
8 6284 028\l 6294 62118 6303 6:!08 6313 6317 6322 6327 
9 6382 6336 6341 6346 6860 635,; 6360 636,5 6869 6874 

920 96379 06384 96388 96308 OOR08 96402 06407 96412 06417 90421 
1 6426 6431 64&; 8440 8445 6<50 6454 6459 6464 64118 
2 6473 6478 6483 6487 0402 il4~7 6501 6500 6611 6616 
a 0020 652,1 ®.10 6524 ooso 6544 6548 6663 6508 8062 
4 6507 6572 tl577 f3U81 6586 6591 65U5 0600 660_5 6609 
6 6614 6610 6G24 GG28 6533 6638 6642 6047 6652 6656 
6 6661 6666 6670 6676 6680 6685 6689 6684 661lll 6703 
1 6708 6713 6717 6722 67>7 6781 6736 0741 6745 6750 
8 6765 67f>9 6764 6769 6774 6778 678.1 6788 679-2 6797 
9 5802 6806 6811 6816 6820 6825 6830 68:l4 6839 6844 

980 9684800853 96858 96862 00867 00872 06870 06881 96886 00890 
1 oso,; aooo 69o4 G900 om4 mtts oo2a 69:lS oos2 oos7 
2 6942 6046 6951 6Ui10 6060 61165 6970 6974 6979 6984 
3 oo8s 6fll13 01101 1002 7097 7ou 1010 1021 7025 7o:Jo 
4 7035 7009 7044 7040 7053 7058 7063 7067 7072 7077 
5 7081 7086 7000 7005 7100 7104 7!00 7114 7118 7128 
6 7128 7182 7137 7142 7146 7151 7155 7180 716,5 7169 
7 7174 7179 718.~ 7188 7102 7107 7202 7296 7211 7216 
8 7220 7225 72il0 7234 72~0 7243 7248 726.3 7257 7262 
9 7267 72il 7276 7280 7285 7290 7204 7299 7304 7308 

940 07313 97817 97322 97327 973.31 97336 97:!40 07345 07350 07364 
1 7859 7364 7368 7373 7M7 7382 7387 7301 7806 7400 
a 7405 7410 7414 7419 7424 7428 74:l:J 7437 7442 7447 
3 7461 7456 U69 746.1 7470 7474 7479 7483 7488 7493 
4 7497 7502 7506 751! 7516 7[>20 7525 7629 7034 7639 
6 7543 7548 7552 7557 7562 7566 7571 7575 7680 758! 
6 7689 761» 7598 7808 7607 7612 7617 7621 7626 7630 
7 7635 7640 7644 7640 7!153 7658 7663 7667 7672 7676 
8 7681 7685 7690 7695 7699 7704 7708 7713 7717 7122 
9 7727 7731 7736 7740 7745 774.9 7754 7769 7763 7768 

960 97772 9'1717 97782 97786 97791 97796 97800 97804 97809 97813 



568 TABLE VI.-LOGAR!T!IMS OF NUMllFlRS. 

N 0 1 3 4 I> 6 'l 8 

9ii0 97172 91777 07782 97786 97791 97795 97800 97804 97809 97813 
1 7818 7823 7827 7832 7836 7841 7845 7850 7855 7859 
9 7864 7808 7873 7877 7882 7886 7891 7896 7900 7905 
s 7009 7014 7018 7923 7028 7932 7937 7941 7946 7950 
4 7955 79:>9 7964 7968 7973 7978 7982 7087 7!)91 7996 
D 8000 8005 8000 8014 8010 802:l 8028 8032 8037 8041. 
6 8046 6050 605;; 6059 8904 60118 6073 8078 6082 6087 
1 8091 8006 8100 8105 8100 8114 8118 8123 8127 8132 
8 8137 8141 8H6 8150 81C>S 8!50 8104 81GB 8173 8177 
9 8182 8186 8101 8W5 8200 820.1 8209 8214 8218 8223 

P60 98227 08232 98236 08241 0824(> 98250 98254 98260 98263 08268 
t a212 s2n S::?st s:tso s2no s2os s2oo s:::o4 s:~os s:31S 
2 s;ns s:m 8:J27 8331 83.'!6 8840 8345 SM!> &154 sur.s 
3 8363 8367 S:l72 8876 8381 8385 8:300 8304 B!JOU 8403 
4 8408 84\2 8417 8l21 8420 8430 84il5 8480 8444 8448 
5 8453 8407 8462 8•.Hl6 8471 8475 8480 8JB4 ~480 84!13 
6 R408 8502 8tl07 8511 Sli16 8520 852~ fiV~O 8f~+l 8M8 
'1 81H8 8547 8oj;i2 SUM 80CJ1 8Ufl5 8570 8m4 t357U 8588 
8 8;388 85U'J 8507 0001 SHOO 8010 8614 &HI) fiH22 Sfi28 
9 8632 8037 8641 8646 8650 80G~ 8650 8604 8668 8673 

9!0 08877 98082 08086 98891 08G95 98700 08704 98709 98713 98717 
I 8722 8720 87:11 87:~5 8740 8744 874tJ 875:l 87ii8 8702 
2 87G7 8771 8770 8780 8784 8789 8703 87H8 8802 8807 
3 8811 8816 8820 8825 8820 8834 8838 8843 8847 88[>1 
4 S85G 8800 88GS 8809 8874 8878 8683 8887 8892 8800 
5 8000 8005 81>00 8014 8018 8023 8927 8fl32 8036 81141 
6 8945 8940 8fl54 81)58 8963 8007 8972 8976 81181 8986 
1 8080 8904 81198 0003 0007 9012 0016 0021 0025 \)020 
8 90.'!4 90!!8 904;l 90!7 9052 9056 90(11 0065 9969 0074 
0 9078 0083 0087 U002 OOU6 9100 9!0,5 0!0~ 91 H 0118 

980 9912~ 110127 99131 00136 OOHO 00145 09140 om 54 901GB 00162 
l 0167 9171 017tl 0160 0185 9180 OJ9;l ill!l8 0202 i!207 
2 9211 {)216 0~20 0:224 112~0 92!1:3 021-!8 !!24~ H247 tl251 
a 9'255 9260 0264 H209 1127!-J 9"J77 9282 fl286 92{11 Q<.m5 
4 o3oo oao4 9808 ll:ll'l iJ;l17 11322 U32cl ns8o oass o;liJD 
r; 9:144 9348 {J852 oa57 o:~m 9366 9!3.70 9374 n:Hsl o:3Ht3 
a U38S uso2 o:mo n4o1 0405 9410 9414 9410 9423 o4z7 
7 0432 9436 9H1 944S 9419 9454 9458 94fl:l 9407 9471 
8 9476 9480 9484 9489 941!3 9498 9502 0606 9611 01>16 
9 9520 9524 9528 9533 9537 9542 9546 9550 955,l 9559 

900 901>64 !)9568 90572 99577 99581 !)9585 99590 99694 !)95!)9 99608 
l 9607 0612 9616 9621 962,1 0029 96;)4 9638 9042 9047 
e 0651 9656 oo6o o664 ooso Oll73 oo77 ooBz oaso ooo1 
3 0095 9690 9704 9708 0712 9717 9721 9726 0730 9734 
4 9739 074::l 9747 mo2 MCi6 moo 070S 97en 9774 9778 
6 9788 9787 0791 9705 0!!111) 9~04 9608 9813 9817 9822 
ll 0826 0830 0835 9K30 084:1 0848 9852 9850 9861 9865 
7 9870 9874 Wl78 9RR3 OHR7 !IROl 08!1<.1 0000 !J904 9909 
s oo1a on17 0022 m>2Cl 11030 IW8s omm 9044 oo48 ow2 
9 9057 9961 9965 91170 0074 0078 0!183 9987 0901 9006 

1000 00000 00904 00000 99013 00017 00022 00026 00030 00035 00039 
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Cl:v;RCS, 391 40. 
Cla.~ification, 39. 

of dii->Otlf.CH in 1&'}0, 307, 
of ftOpulation1 171. 

Coefficient of variation, 445, 446. 
Coin tO.'I-"1ing, 186, 438. 
Collection of rlatn, 17. 
Color in diagram.s, 95. 
Committee on Stund:trds, sugges .. 

tions, 93. 



INDEX 571 

Component part diagrarns, 95. 
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fever, 473. 
Credibility of oonsus, 109. 
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Davi.s, Dr. W. H., 414. 
Dea.th, uvcragc ngc, 430. 
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registration, 11ses of, 117. 
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popu.lation, 292:. 
adjustment for particular dis-

eases, 303. 
n.nalysis of, 351. 
effect of age composition, 283. 
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