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PREFACE TO SECOND EDITION

Since the first edition of Vital Statistics was published a
new census of the United States bas 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 & new chapter on this subject,
which includes diagrarns 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, — & subject which should prove of special 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 Parig 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. FEach instructor will
oblain the best results by making up problems for hig own
clagees baged on local data. It will be noticed that Massa.
chusetts statistios bave been largely used throughout the
book., This iz 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 plase to call attention once move to the faet that
thiz is an elementary book.

_ The author takes this occagion to express his gratification
that the Bubject 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 translated 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-
cigting 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. Dapa E. Kepner, Assistant in
Sanitary Engineering, Harvard Engineering School,

THE AUTHOR.
Cameripas, Mass.
November, 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
o be an 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 —— & seience yet in the magmatic stage, not yet crystal-
lized, The Great War is bound to develop this science,
because hereafter 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 deatheroies and
how to analyze a death-rate; it shows how to adjust and
standardize death-rates and how to make life tables; it em-
phasizes the need of using vital siatistics with truth, with
imagination and with power.

Yor the convenience of achool instruction, exercises and
questions to incite further study are given in each chapter.
Many subjects worthy of special study, however, ave not
even mentioned, loose ends have been left in every chapter,
ilustrations have been chosen ag they came conveniently to
hand, and the general arrangement has been informal ag to ils
subject matter. The object in all this has been to stimulate
the reader to critically analyze all vital statistics ag 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
on vital statistics, much less an authonty on demography;
he is merely a student of the science. He has taken the
" ptudent’s privilege of quoting freely from many writers to
whom he wishes to render acknowledgments and thankas.
In particular he desires to express his obligations and personal
regards to Dr. William H. Davis, Chief Statistician for Vital
Bratisties, United States Bureau of the Census, who bag read
the entire proof of this book and given the benefit of his
careful criticism.

Just a personal word to the health officers of America.
A new day is dawning for you. The care of the public
bealth is becoming a distinet 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-
enne 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 healéh work is an imporiant part
of thig 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 aceurate statistical studies
of a¢eident, disease and death. There is no need of this fear.
You can use statistics ag well as any one, but you must study.
This book has been prepared with your difficulties in mind.

GEORGE CHANDLER WHIPPLE

Camnrivee, Mass,
January, 1919,
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VITAL STATISTICS

CHAPTER 1
DEMOGRAPHY

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

The word “demography ™ is derived from the Greek
words demos, people, and graphe, to write. Tf is in com-
mon use in Europe, but is not as well known or its meaning
a8 well understood in Americs, High authority for ita
use ig found in the name of that most important triennial
gathering of physicians and sanitariang, the International
Congress of Hyglene and Demography.

Demography cannot be called s science in the sense that
it is & classified body of knowledge from which laws have
been developed and established. But all scfences in their
evolution go through a descriptive stage in which data ave
collected and hypotheges tested. So regarded demog-
raphy may be called a science, — the science of human
generation, growth, decay and death 28 studied by stabis-

tical methods.
1



2 DEMOGRAPHY

The principal divisions of demography. — Demography

may be said to include the following major subjects:

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

. 2 Human eugenics, which considers heredity from a
geientific 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 as those concerning
birth, marriage, divorce, sickness and death, usu-
ally under governmental direction and by the use
of individual records.

6. Vital statistics, which is the application of the statiss
tical method to the study of these vital facts. Theso .

might be ealled bio-gtatistics.
6. Biometries, which includes anthropometrie studies of

human growth, stature, strength, ete.

7. Pathometrics, that is, statistical pathology, which in-
cludes detailed studies of diseases and their rela-
tions to the human body. These facts are obtained
largely in hosgpitals, by health department labora-
tories and by life ingurance companies.

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

Bome parts of demography are older than others. Genew
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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five years and begat Enos: And ¥nos lived ninety years
and begat Cainau; And Cainan 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 reasons, as one oy
read in the higtories of Egypt, Persia, Judaea, or China.
Greece and Rome likewise had their enumerations.

Many fragmentary data relating to births, deaths and
marcisges were recorded in the old church registers of
Bngland, Capt. John Graunt compiled the vital statistics
for the city of London in 1662 in a report which attracted
much atitention at the time. In referring to the Creat
Plague in London in 1666 Pepys” Diary tells about the pub-
lished “ bills,” that is, the list of the dead, and gives their
statistics, : '

But the application of statistics and the scientifiec method
10 genealogy is relatively modern and so are the develop-
ments of biometry and pathometry. Bir 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 gystematic 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 magazipe in which statistics for various countries were
brought together and compared. Crome in 1785 published
important Tabellen-Statistik which contained various data
in regard to population in Germany.
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Many well-known scientists undertook statistical 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, demomnstrated a theory of proba-
bilities which, a century later, 1813, was perfected by
Laplace in his masterly treame “Theorie analytique des
probabilités.”

John Graunt, already mentioned, laid the foundations
for vital statistics when in 1662 be wrote his remarkable
“Natural and Political Observations upon the Bills of
Mortality.”

In 1741 Joh. Peter SBlissmilch (1707-1767) published an
important work on vital gtatistics from which he attempted
to draw some far-reaching moral deductions.” He tried to -
demonstrate statistically the doetrine of the “Natural
Order,” From the equality of the 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 Ged.

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 realm of general statisties. 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 reason of the aceumulation of their own data relating
4o deaths, began to depend upon them alone. This split

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

Quételet, 17961874, aroused much enthusiasm over
statistics ag “the queen of all the sciences.” His work on
probability was justly famous and wag an ingpiration to
Florence Nightingale., Since his timme, however, this branch -
of the subject has been move commonly considered as a
part of pure mathematics and i trested in books on
“Least SBquares,” the law of error, and precision of meas-
uremnents,

Finally, we come to the bnlhant works of Galton, Kerl
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, Quételat or Karl Pesrson,

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

The following is a short list of men, not now living, who
have made important contributions to the study of statis-
ties, --- especially vital statistics. The student will find it
interesting to add to this list. :
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Capt. John Graunt (1620-1674), of Hopland,
Melchiorre Gioja (1767-1829), of Tialy. )
Sir Francis Galton {1822-1911), of England.
William Farr {1807-1883), of England,

Lounis A. Bactilion (1821~1883), of France,
Alphonge Bertillon (1853-1914), of France,
Edwin Chadwick {1800-1890), of England,
Tlorence Nightingale (1820-1610), of England,
Edward Jarvis (1803-1884), of Boston, Mass.
Lemuel Shattueck (1793-1839), of Boston.
Samuel Warren Abbott (182718094, of Boston.
Carrolt D. Wright (1840-1909), of Massachusetts,

Section of Vital Statistics, — The American Public Health
Association has always manifested a keen interest in vital
statistics. Some of the reports of ite committees have had
far-reaching effects. In 1907 a Section of Vital Statistics
was organized in this association, and since that date the
journal of the association, now known as the American Jour-
nal of Public Health, bas 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 figures. Strictly speaking a birth reported and
recorded officially is not a statistic, but a vital fact; yet
inasmuch a8 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 errange
them in various ways for study and comparison, asg, 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
comnplicated mathematical methods and conceptions, such
ag the lawy of variation, dispersion, correlation and prob-
ability, For many years there has been a diseussion as
to whether “statistics ”” should be regarded as a distinet
scienee, rgnking with physics, chemistry and biology or
merely as a method. Westergaard expresses the truest
conception when he says that “it {s 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 statisties which comprise a very considerable part of
mathematics. Volumes have been written on the Caleu-
lus of Probabilities, on Least Bguares, on Variation. On
the other hand, many of the statistical processes are ex-
tremely simple and do not get beyond the hounds 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 o use the statistical method. — People
who do not like mathematics often say “Oh! Pshaw!
Why do we have to study statistics? Of what good are
. they?” The answer is that in a big world we have to
desl with many facts and the statistieal mwethod enables
us to abbreviate facts, t0 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. Fom gets ten dollary 8 week,
Fred gets twelve, Sam and Bill each get fiftcen and Henry
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gets gixteen dollars. But the head of a large factory in
which there are a hundred hands cannot carry all these
facts in mind. 'The bookkeeper of course has a record of
them, very necessary for pay-day., The head of the fac-
tory may know, however, that ten of the employees get
gixteen dollars a week, fifteen get twelve dollars and sev-
enty-five get ten dollars. The factory superintendent
needs thess statistics. He lives in a large world, The
village gossip knows the dates of all the births, marviages
and deaths in town since January firgt, 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 " ? — Statistica
have the popular reputation of being dry, uninteresting, -
or, ag Shakespeare would say, ~ ‘“flat, stale and unprofit-
able,” This is very natural, for all fipures look alike. If
we sre considering one hundred and thirty-seven tonz of
coal we use the figures 137 and if we are talking about the
game number of American Beauty roses we also use the
figurer 137, If we think only of the figures we pee no
difference between these statistics. It does not take
much imsgination to visualize 137 roses, their beanty 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 7 is because people do not try to visualize
them. If you don’t try to visualize the statistics the
figures are commonplace and of course uninteresting, while
if you do try the mental effort is tiring. Moreover, there
is a real difficulty and that iz our inability to visualize
very large figures. 1 may be able to visualize a hundred



CAN ONE PROVE ANYTHING BY STATISTICS 9

dollars, but I confess not to be able to visualize a million
dollars, even though I know that it i8 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 to prevent statistics from being “dry " is to
keep in mind that statiatics are not merely figures, but are
figures which stand for facts.

Is it true that * you can prove anything by statisties”?
— Wae often hear it said “Oh! you can prove anything by
statisties.,” Isthistrue? Buppose 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 figures 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, & process of reasoning,
and fallacious reasoning should not be charged against
statistics,

And yet there ia 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 stand, it iz eany
for fallacies to creep in without being recognized; it is
easy to compare things which ought not to he compared,
to generalize from inadequate data, and to commit all sorts
of illogical errors. Thus the unserupulous 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 buf to think logically. Stodents who
would be statisticians should therefore study formal Yogie.
Some of the common fallacies in the use of statistics will
be considered on later pages. Honesty and conservatism
are egsential qualities for the makers and users of statistics.
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There are numerous works on logic. One of the best is
an old one, — “ The Principles of Science,” by W, Btanley
Jevons, It treats not only of logic but of the scientific

method in general,

" The national value of “ Vital Bookkeepmg "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
pation’s true wealth lies not in 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
gick man; a man in the prime of life is of more immediate
worth than an old man or & 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, their 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 aress, 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—-
keoping; there are daily entries of accessions and losses as
they occur, corresponding to receipts and payments; there
are weekly statements, monthly statements and aboual
statements; and at longer intervals there is a taking
account of stock, that is, a census. One important differ~
ence, however, should be noted. Accounts are accurate
records of transactions and if properly kept an exact bal-
ance will be obtained. Vital statistics are not always
accurate, the individual data are incomplete and subject
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to ervor; 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 iz essen-
tial,

Vital statistics are useful for many purposes. To the
higtorian they show the nation’s growth and mark the
flood and ebb of physical life; to the economist they in-
dicate the number and diseribution of the producers and
eonsumers of wealth; to the sanitarian they measure the
people's health and refleet the hyglenie conditions of the
environment; to the sociologist they show many things
relating to human beingg in their relations one with another.

Vital statistics necessary for health officer. — Vital sta-
tistics are not to be colleeted and used as mere records of
past events: an even more important use is that of prophe-
sying the future. An engincer in planning & water supply
to last for a generation estimates the future population by
the previous rate of growth; so alse in haying out a system
of streets and sewers and transportation service. The
whole idea of cify planning is fundamentally bagsed on the
use of the vital statigtics of what has been ag a means of
estimating what is to be.

The health officer of a city or he whose duty it is to eols
leet and record the vital statistics should study them as
soom as received and not wait until some convenient day
when other work is slack and then merely tabulate and
make averages for formal reports and permancnt records,
Vital statistics, especially those of morbidity, should be
studied in the making, and just as the meteorologist reads
hig instruments daily in order to forecast the weather and
give warnings of the coming hurricane, so the efficient
health officer will daily study the reports of new cases of
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diseage in order that he may be forewarned of an impend-
ing epidemic and take measures to check ite ravages.

No lighthouse keeper on a rocky coast is charged with
greater responsibility than he who is set to watch the
pigng of coming pestilence from the conning tower of the
health department. Making another comparison, we may
gay that the heslth 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 cases of disease are not reported
the epidemic will likewise spread. The duty of reporting
cages of infectious disease rests upon the practicing physi-
cians, and thereby hangs a sad and discouraging tale.

National 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 ree-
ords are relatively short, and for that reagon we should
be careful in drawing general conclusions from them.

Sweden. - Of modern nations Sweden hag a just claim
to the longest unbroken serieg of vital stetistics. In 1741
registration of births, marriages and deaths was begun in
all parishes and since 1749 a census has been taken each
year. The principal data for this long period (1750-1900),
were given in a most valuable paper by Sundbirg at the
International Congress of Hygiene and Demography in
Berlin in 1907.

FPrance. ~— 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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cultivagion, ete., but the first actual® f3¢%.ration of the
i tants of Paris was not made until 117
e civil code of Napoleon. < One of the most iraportant
fluences affecting modern vital statisties in Europe is the
Code Civil of Napoleon. This law, which was merely the
aodification of the chaotic legislation existing at his time,
requires the declaration of a birth or death to the mayor of
the community in which the birth or death occurred. Severe
penalties are provided for failure to make such declaration
within the specified period. Declaration is further assured
by the fact that, from a legal standpoint, & person whose
hirth 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 ithe 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
his observations to France alone, but include other Euro-
pean countries, such as Belgium, Holland, Switzerland,
Spain, Ttaly, and Roumania, which have since adopted
this Code, more or less modified, as well as those South
American countries which hawve taken the Spanish Code as
their model.

England. — In England the old parish records date back
at least to 1538, when Henry VII1 ordered all parsons,
viears and curates to keep true and exact records of all
weddings, christenings and burials, Tt was not until 1801
that & national census was taken, and it was not until 1851
that a complete census was made. The present system of

i
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~ registration i . on Acts of Parlisament between 1836
and 1901, he

United States of America. — Ameriea in far behind other
civilized countries In ite records of vital statistics. There
is no national registration system, no complete national
reeord of births and deaths. This results from our dis-
tributive form of government, the control of such matiers
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 gome 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 congidered accurate enough to
watrant their being published included 82.2 per cent of the
total population of the eountry., 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 Harbwrg, Germany. The
United States Census Bureau, now permanent, has become
inereasingly efficient in recent years, and its reports are of
much value, but not until a centralized 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 aceu-
roulations of facts. ‘

Btatistieal 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 consiste
wholly in learning how to take fair samples of the facts in
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question, and how to observe these facts aceurstely and
adequately.

Btatisties are being constantly invoked for testing hy-
potheses in all branches of science. This involves four
distinct processes, — first, the choice of a good hypothesis;
seccond, the computation of certain consequences, sll of
which must be true if the hypothesis is true; :third, the
choice of a fair sample of these consequences for a test;
Jourth, the actual test of each of these ehosen hypotheses,

Deductive reasoning a8 well as induetive reasoning is
involved in the use of vital statistics. Tt 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 logie that
the statistician is able to keep his conclusion within res-
sonable bounds,

Choice of statistical data. — First, there is the complete
slatistical study which includes a full count of all the units
within the desired aren or within the specified time. This
method, of course, brings the surest results, but it is often
impossible. Second, is the monographic method, a pro--
cedure in which a detailed and exact study is made of a
particular group. Where the group selected for study is
s well-chosen type the application of this method vyields
valuable results but there is danger in generalizing from
monographic researches. The third method is the repre- <
sentalive 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 upon the securacy of the sampling process
quite as much as upon the enumeration of the faets 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 ig that of »iz-
ture and subdivision. The object in both cases is the same,
—t0 secure a sample truly vepresentative of the whole.
The tendency to take samples of the obvious and the ac-
cesgible is one that must be constantly struggled against.

EXERCISES AND QUESTIONS

1. How can vital statistics be used to determine rolative values in
public health activities? [See Am. J. P. IL, Sept., 1916, p. 816.]

2. Describe the common method used in compiling genealogies.
[Consult. some systematic gencalogy, — say that of your own family.]

8. Prepare a diagram of your own ancestry, giving the names of
your father and mother, the dates of their hirth (and death) and their
birthplaces; also the sarne information as to your two grandfathers
and your two grandmothers; your four great-grandfathers, ete, as far
as the information can he readily obtained.

4. Who was Mendel and what i the Mendelian law? [See Roge~
nau's Preventive Medicine and Hygicne, Chapter on Heredity and
Fugenies.]

B, What are the primary laws of heredity and eugenios?

6. What information can you give as to the heights of your father and
mother, your grandfathers and grendmothers?  Can you illustrate any
of the laws of heredity, as to height, color of hair or any other char-
acteristics, from your own family records?

7. Can you suggest a sehedule of anthropometric data to be kept for
each person a5 a matter of family record?

8. Write a short hiographical skoteh of some person famous for work
in statisties, demography or vital statistics. {(Name to be assigned
by the instructor.}



CHAPTER II
STATISTICAL ARITHMETIC

Statistical processes. — The prineipal processes used in
the study of vital statistiés are these:
Collection of the facts,
Clagsification of the faots,
Generalization from the facts.
Camnparison of the facta.
Drawing conclusions from the study of the facts,
Display of the facts and the results.

Collection of data. — There are two primary methods of
obtaining the data needed in demography — enumeration
and regestrabion. In the first case the statistician goes or
sends to get the facts. The persons employed are enumer-
- ators or ingpectors. This is the method of census taking
and i8 described in another chapter, In the second case
the facts are reported to the statistician in aceordance 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
vital 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 stalistics are intended. It saves time and labor in
the end 1o eonsider carefully at the very outset just what
data are needed. Where, as is often the case, the statis-

tician hag no control over the collection of the date, he
17
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should make every possible attempt to ascertain the reliabil-
ity of the sources of information and not attempt to draw
conclugions not warranted by the conditions under which
the figures were collected.

Statistical units. -— The basic statistical process is count-
ing. An easy process, — one says; and o it is if we know
what to count, and if we know what to include and what to
leave out. Here at the very outset we meet our first diffi-
oulty, :

Before going on stop and define a “ dwelling-house.”
Is a church a dwelling-house if the sexton lives in it? Is
a garage a dwelling-house if the chauffeur lives in the see~
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 try to define an infant, a birth, & cotton-mill
operative or any other unit used in demography.
~ Statistical upite are the things counted and represented
by numbers. Obviously every fact, every 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, aceurately 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-
residents be included? Should still-births be included in
“births'’? Has practice in this matter been constant
during the last fifty years? Has pneumonia always meant
what it means to-day? And what has become 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? S8hall 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’
cage a child at birth is regarded as of age one. Even the
United States census has not always followed the same
method of ascertaining age.

Errors of collection. — Onpe 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 accidentally missed, or they may be traveling,
away from home or hiding. It is said that at the time of the
1911 census in England, where the dats are collected on &
single day, some of tho suffragettes walked the streets for the
entire period, so &8 not to be at home when the enumerators
called, arguing that if they could not vote they ought not
to be counted. Failure to obiain complete records is still
greater when the data are chtained by registration.

The opposite errar sometimes occurs, namely over-regig-
tration. This is usually due to carelessness; but padded
census records have been known to ocour,
~ There are two kinds of errors which need to be distin-
guished — balanced errors and unbalonced errors, For ex-
ample, if a thermometer is correet 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 all 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
worrected for them, ,

In recording such quantities as the height and weight of
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 cauze these errors to
become more or less balanced.

Finally we have the effect of the personel eguation of the
collector. His mind may have ecertain grooves through
which errors creep into his work., If reading a scale he may
bave & 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 fruitful sources of error.

Tally sheets, — When many items are to be counted, and
especially when there are different units which must be
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 ceross-five method and the cross-fen 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 reader.
(Fig. 1). |

Tabulation. ~— For purposes of study and display the
collscted data are commonly arranged in tabular form,
that is in columns and lines, The preparation of tables iz
an important part of statistical work and cannot be done
too well. The objeet of a table is to bring statisties to-
gether for comparison, to condense information. Essential
qualities of good tabular work are clearness, compactness
and neatness. Tables are expensive to print, hence the
mosgt should be made of each one. The following sugges-
tions, 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.

TUE CROSS FIVE METHOD
Disease Number'
Mensles BbhS LbES LbbS 2/ /7
Hoarlet-fever . Y7y 8
Whooping-cough Lt LEbS LA L 20

THE CROSS TEN-METHOD

Disonse Jan, | Beb, | Mar. | Apr. | May | June | By,
— |52 ||
B9 0|2

Bearlot-Tovo '% '/
bR RV AV RV
N £ AR

Fro. 1w Tally Sheets.

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

3. If the heading is complex, that is, if certain parts of
the heading cover more than one column, care should be
taken to have this clearly indicated by proper rulings.



o STATISTICAL ARITHMETIC

Printers call this “ boxing.”” If there are few coluans and if
the headings are simple, the rulings are unnecessary.

4. If the different colutnns of a table are likely to be re-
ferred to in the text it iz convenient to have each eolumn
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 iz given a serial number from top to

“bottom.

6. The columns of & table should not be widely separ-
ated even if there are only a few columns 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 i8 a good plan to separate them into groups
of three. Thus, 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 eriticize 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 mvolved in the “ Exercises and Ques-
. tions.”
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TABLE 1
CAMBRIDGE, MASS,
Estimates of Population
Fstimate Estimaty Futimate Estimate Fatimate
on based on used by ;
Y] O | | O Siandnate | R T |
(%) () @ i) ® 6 @ .
1800

..‘
<
EHIDGT NI DL I WA e
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" TABLE 2
CAMBRIDGE, MAES.: BIRTH-RATES

Kumber of Birthe, RBirtherate.

e {Fpit — -
Total. Regldent. | Gross, Resident. By ete
{1y (] (8) ) [t} (3] mn

Inezact numbers, — In vital statistics we are usually
compelled to desl with data® which are not strictly accurate.
The figures used to express the resuits, 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 gniding principles
should be followed in making numeriesl statements of
data; — first, to have the figures of the compilation depend
upon and indicate the accuracy of the observations; and,
second, o carry the final numerical result no further than
practical use demands.

Let us take as an illustration the result of the U. 8.
Censug of 1920, according to which the population of the

1 Do not misuke this word, Tt is a plural word, "The singnlar num-
ber is * datum,” but this is seldom used. Do not say, *The data
i .. . " hut “The data are. , . ™
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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 needlessly erude, though acen-
rate enough for some purposes. We might ssy that the
population was between 1055 and 105.9 million, or we
might write 106,000,000 ;& 0.2 per cent. The U, 8. Census
Bureau publishes the figures as collected, leaving it for
him. who uses the figures to abbreviate them into round
numbers according to the use which is to be made of
them. '

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

In tabulating the results of original data it is best to give
the figures as obtained. But in discussing the results it is
better to use round tumbers, the nmumber 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.

Ezample. -- 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 e.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 3600 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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Public Health Association has sug@sted that statements of
analysis should be limited in significant figures as follows:
Unfortunately the rule has not been lived up to.

TABLE &

RULE FOR STATING THE RESULTS OF BACTERIAL
COUNTS IN WATER ANALYSIS

Numbers of bacteria found. Records to be made.
1o 50 Asg found

51 to 100 To the nearest 5
101 to 250 ke “ 10
251 to 500 o # a5
501 to 1’000 I13 113 13 50
1,001 to 10,000 o ¢ 100
10,001 to 50,000 ke4e “ 500
50,001 to 100,000 o ¥ 1,000
100,001 to 500,000 v A 10,000
800,001 50 1,000,000 k€8 ¢ 50,000
1,000,001 to 10,000,000 o « 100,000

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

Vital statisticians should at least endeavor to follow the
example of the baeteriologists and by concerted action cut
out fietitious acouraey from their reports.

Precision and accuracy. — Numerical statements of
measurements are accurate as they approach the true value
of the thing measured; they are precise as they approach
the mean of the measurements. Accuracy takes into ac-
count unbalanced as well ag balanced errors; precision 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 il is possible that fanits
may be obscured. Let us take the ease of a simple a.ddl.-
tion of the three items in column (1).
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TABLE 4
EXAMPLE OF COMBINATION OF INBEXACT NUMBERS
Tietn. Porcentags ervor, Foweible veror iv ke,
1 @) 3
47,356 2 o4 948
9,453 ] =+ 473
843,782 0.5 +4219
Sum 900,621 #5640, or 0.8%,

The true value of the sum may lie between 895,000 and
906,000. The result may be written, therefore, 900,000
4 0.6 per cent., The percentage error of the sum would
not, of course, be the sum or even the average of the ﬁgures
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 (1), Thus we may write 4 or 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
144, 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 & or 10.
Thus we might spealk understandingly of aor a f ora g or
a g3, but not of & ¢ or a gks.

For most purposes in statistical work decimal fractions are
to be preferred to common fractions. They facilitate print~
ing as they oceupy only one line and do not require the use
of smaller type. It must never be forgotten, however, that
a decimal fraetion is composed of two parts, just a8 & eom-
mon fraction, namely the figures which are printed and
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unity (or one) which is not printed. Thus % = (,.)mi?é = :m[:‘%
= 0.75, A decimal fraction is therefore just as much a ratio
as s comuon fraction.

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

TABLE 5
FPlave. Cases. Doaths.
(48] @) 3)
X 541 46
Y G672 53
z 247 30

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

TABLE 6

Place, | Numbar of cases to one death.

m ()]

11.8 ie. b4l < 48
2.7 672 -+ 53
82 247 + 30

Spe

If we select one case a8 the unit base we have the follow-
ing ratios, expressed as decimals:
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TABLE 7

Place. | Number of deatha to one case,

th ‘ (1)

0.085 i.e. 46 - 54l
0.079 53 + 672
0.121 30 = 247

- temddq

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

Par cont of

Gt Wl

resulted in
dear

Piaco,

n o

SO
B
-t 2 O

12,

Rates. — Now rates are merely ratios referred to some
round number as a bagse. When 100 is used as the base we
have a percentage 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 bage, Thug 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 quan-
tities are compared may be called simple rates, Simple
rates have only one bage,

Compound rates are those which have two bases. . Thus
we speak of “ gallons of water per capita per day,” mesning
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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 comparison 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. — Fictitions accuragy 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, 4.e., 1, would change
the percentage to 59.65 pev cent or 63.16 per cent. To use
two or even one place of decimals is here sbhsurd. 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 Mhastration: In the year 1850 the receipts
of a water company were $400,000; between 1880 and 1890
they increased 10 per cent, that ig, they became $440,000;
between 1890 and 1900 they decreased 10 per cent, that is,
they became $396,000 (not $400,000). It is said that a
strike onge resulted from this fallacy. A company found it
necessary to reduce wages 20 per cent for a certain period,
prowmising 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 4 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 less valuable. The ratio between the num-
ber 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, 8
part is taken for the whole. The 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 ag an index of
the sanitary quality of the public water supply. It may
indeed be such an 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 faciors are
. taken into account.

Index. — When it iz 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
indieation of the conditions than any ane ratic 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 state of trade during that vear, 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-
bined the result is called an Index, or an Average Index.
Obviously there 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 the
study of vital statistics, but it would seem logical to use it
. in comparing the relative hygienic copditions of different
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cities, This is partially accomplished when crude death-
rates are ‘foorrected’’ or adjusted to take into aceount
the composition of population as to age, sex and pation-
ality.

Bome atiempts 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 & problem in long division. As
most health officials and some college students will have
forgotten their arithmetic by the time they read this book
- & few words ag 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 imtials of
the computer.

Let us suppose that in a cty of 34,691 people, as shown
by the census of 1910, the namber of deaths in that year was
549; what was the desthrate 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:

54.601)549.000(158.82 = death-rate per 1000,
844691
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-
fiom, thus:
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34.60)5640.00(15.82 = Answer
3469
20210
17345
58650
27752
K980
6938

The regult iz not changed.  1f we write 34.7 instead of 34.69
we shall get
34.7)549.0{15.82 = Answer
347
2020
1735
28560
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
35)649(15.7 = Answer

85

108

175

24D

245

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

By using diseretion 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 officers 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 epster 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 i dis-
cuszed 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 10° and
gay that 102 = 100. If you put three tens togother you
get 1000, 8o that 10° = 1000. And so on. Now, ten is
the base of logarithms, and we gay that the log (meaning
logarithm) of 100 is 2, because 2 tens multiplied together
makes 100, And the log of 1000 is 8 and the log of 1,000,000
is 6. 8o also the log of 10 is 1, the log of 1 i3 0, and the log .
of 0.1 is minus 1, ¢.e., — 1, and 86 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 plus somethicg. 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, g0 that the log of 20 is 1 plus 30103, or 1.30103. In
the sarme way the log of 200 Is between 2 and 8; in faet
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 original figure, remembering
that for figures

Above 1lbut brelow 10, the log B0 i
. 10 ¢ 106, ¢

10 “ 1,000, LA N '
1000 “ 10,000, e T
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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We use those logarithms in this way. Suppose we wish
4o multiply 100 X 10,000, We might do this in the

rogular 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 anawer.
That is by adding the logs of two numbers, the sum will be
the log of the product of the numbers.

And also if we subtract 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 2.73967 and
the log of 34.601 is 1.54022. Hence,

2.73957

1,54022
1.19935, whioh is the log of 15.82 = the answer,

1t must be remembered that the logarithm table eontains
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 rust 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 eommon 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 pumbers,
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and therefore it enables one o multiply the numbers for
which the logarithms stand, It does not add or subtract
the numbers themselves. '

In using the slide-rule it is first necessary to understand
the seale. The logarithms of the numbers from 1 to 10 are
ag follows:

TABLE ¢
LOGARITHMS OF NUMBERS: 1 TO 10

Number. Togarithm. Number. . Logurithm.

(1} {2} @) 1)

1 0.00000 1 0.77815

2 0.30103 7 0.84510

3 0.47712 & 0.90309

4 0.60206 : 9 0.956424

L] 0.60897 + 10 1. 00000

and above 10 the decimals repeat themselves, thus

20 1.30108
30 1.47712
ete.

If these are plotted on a uniform scale we get the result
shown in Fig, 2A. It will be noticed that on the aumber
scale the divisions grow smaller as the numbers increase.
It is this number scale which appears on the slide rule,
There are many subdivistons, The 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 wnegual, 80 are the subdivisions be-
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wween 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 Tower seale 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 (@) along the rule is the log of 2,
and the distance (b) along the slide is the log of 4. The
sumn of (a} and (b), 1.e., (c) is the sum of the logs of 2 and 4
and therefore iy the log of their product. And so we find
that the distance (¢) 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 muitiply 2 by 6. The
distance (¢) would then extend to 6 on the slide, or beyond
the scale of the rule. That 18 the produet is more than 10,
Remembering that the log nurabers repeat themselves above
10, aJl we have to do is to set the right-hand instead of the
left-hand end of the slide on the figure 2, of the rule and
then read on the rule the number under 6 of the slide. It is
seen to lie between 1 and 2. If the subdivisions of the rule
were shown on the disgram (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 multiplieation and division. The mov-
able wire ig used us a guide and refercnce mark.

To retwrn to our death-rate problem (above) we may
divide 549 by 34.69 by sctting 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 hefore. It is difficult to set
3469 exactly, so it is impossible to read the resuit 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 detwrmi
by inspection. (There are indeed rules for the decimal
point, but they are hurd to remember and one need not at-
tempt to doso.) Inspection shows that 34 goes in 549 more
than 10 and less than 20 times; consequently the slide-rule
result is 15.8-F.

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 eyeas
and can be read ¢loger, but 1t cannot be carried in the poeket.

swelluloid rules are the best, as the marks are clear, but
eap wooden rulez are satisfactory for some purposes.
/ Books of instruction accompany most of the high-grade
{ rulea and can always be purchased.

Every statistician ought to know how to use logarithms
and how to read a gliderula. Life is too short and time
nowadays is too precious to depend upon the old methods of
long division and multiplication if much work is to be done.

Clasgification and generalization. — For purposes of
study it is usnally necessary to sort out the various data,
divide them up into classes, groups or series and to make
gemeralizations in various ways. Some of these processes
are very simple; others are rather complicated. The
methods used vary according to the nature of the problem
at band. As far as possible the simple methods should he
preferred to the mote complex procedures.

Classes, groups, series and arrays. -— Collections of units
which differ from other collections by characteristics which
cannot be expressed in figures are properly termed sections
or classes, Thus, populations are divided into clasees ac-
cording to sex, nationality, eonjugal condition, civil divisions.

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

1 This digtinetion i not universally made, but if vigidly adheved to
it would resylt in greater clearness of expression.
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4roups, or into groups of persons having different weights or
heighta,

Data are also arranged in series according to 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 small to large, or large to small, they are
gaid to be placed in array. Companies of goldiers arranged
with the tallest man at one end of & rank and grading down
to the smallest man at the other end form an array.

Classes of data. — Little need be said about elassification
except that the definitions of classes should he clearly and
accurately stated, and so drawn as to be mutually 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 different items, Thus:

Som
Average 7

ai@q'ﬂﬁm

In a Iarge 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 erroncous,
might unduly raise the average and give a false generali-
gation. Another name for the average is the mean,

Some other forms of generalization, therefore, are neces-
sary in statistioal work, '
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The array and its analysis. — If the items are arranged in
order of magnitude with the smallest at one end and the
largest ab the other they aro maid to be in erray. If the
number of items is not too great thig gives hn excellent
picture of the group. Thus ¥ig. 3 shows at a glance that
the two groups on page 40 are different from each other.

Average =]

Fra, 3, - Example of Differing Groups which 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-
gis. The means are the same for the above-mentioned
groups, 1.e., 7, but the mediang are different, {.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 the same,

The mode is the magnitude of the itern which is most
comrmon among the items. A modish bonnet is one very
commonly seen; it is the fashionable one. In one of cur
two groups there are two gixes 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 i clearly one. '

The magnitude of the itemn 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

Mpsu o 7,28

Bogle of Magnitude

o

If there iz an even, instead of an odd, number of items the
median way 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 the array is the lower decen~
tile. And so there may be quintiles, and other “ iles.”

These various units help very much to give one a picture

@

i I L &

Fio. 4. — A Array of Observations.

4
"

Quaartil
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of an array. They are used in various combinations, and
ratios are mode up by uwsing them,

The average, together with the maximum and minimum,
offers a common form of generalization. The rmedian,
together with the upper and lower decentiles, is sometimes
used. The quartile differcnee, 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 mean to the median, and other ratios have heen used.

Still another way i3 to find the extent te 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
gtatistical method and will be treated at length in Chapter
XHI.

Groups, ~— The problem of arranging statistical datn into
groups I a troublesome one, — troublesome because there
are several ways in which groups can be made and defined.

Let us take 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
wonld be:

(1 (2) G} €)]
Days. . .ovvieen, -5 5-10 1015 15-20
Number of pergons, .. 0 4 (or37) (dord¥) 1

Therc is confusion here beeanuse 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.

(n (@ 3 {4) ()

Days. . . ..vvvenn 0 15 10 11-15 1620
Number............ 0 0 4 4 1
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A better way would be this:

(1} (2) 3 (4)
Days. oo -4 i 10-14 15-1%
Number. . .......vvv.. N 3 5 1

The last two methods are both used. The meang 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 he 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, 521, 513, 57, 504, 543, 514,
561, 5% inches, 'We may group them thus:

(1) (2 {(3)

. 50, 50%, Bl 51%, 52, B2,
Inches. . ooonvicinnnnns 501500 B3, K13 523, 523
Group limits, inghes.. ... .. 50503 51-512 §2-524
Mean of group., ... .v..... 504 H1% 523

and so on

With measurements of quarters it is not possible fo de-
vise a grouping such that the mean of each group is an
even number,  Neither 504-51% nor 503512 would give 51
ag the moean.

If, however, we had observations in which the fractions
were thirds, or fifthg, or with some other odd-numbered
denominator, we might do so.  Thus-if we had 502-51% the
mean would be 51; or if we had 503-51% the mean would
be 51. Sometimes it is an advantage 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 are dealing with whole numbers
and decimals (to tenths only). Here the denominator is not
an odd number. We might arrange the groups thus:
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{0 2) {8) &

Limits. .......,... 0 0.1-1.0 1.1-2.0 2.1-3.0 ete.
Mean of group..... i) 0.56 1.85 2.55
or '
) 2) &)
b 34 1 0-0.9 1.0-1.9 2.0-2.9
Mean of group.....coveveennns G.45 1.46 2,45

If the observations were made to the nearest hundredth
we might have .
1) )] )] {4)

Limits. .......... 0 0.01-1.00 1.01-2.00 2.01-3.00 ete. :
Meani. covuen.n., 0 0,505 1,505 2,505

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

N {2 1G] 4
Limits.. © O 4...20 T4 ...80 - 2+4...30
Mean.,. 0O 0.5 1.5 2.5

Group designations, -— In describing groups it is 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 mey give

 Age
n 04
(2) 59
(3) 10-14
(4) 16-19 ete.

If the whole numbers are followed by fractions we may
sssume that any fractions are attached to the whole num.
bers and thdt the maxmum figure includes the largest
possible fraction less than one. Thus 194 would go in the
fourth group, 14.641 would go in the third group. The
sign (-) here stands for “ to,” i.e., 0 to 4.
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Sometimes to save space in printing only one group limit
is given, the other being understood. Thus in the report
of the Registrar General of England we find the following
age groups tabulated:

Age
- Meaning 0 to 4 plus fractions
B— Meaning 5 to 9 plus fractions
10~ eto.
15

Where the gmups differ by one, this method is the on]y
_practicable one. Thus

Age
QO
1-
2-
3~

~ Here we could not state an upper limit without using
: fractions.

A better nomenclature perhaps would be to use the plus
" gign instead of the dash, indieating that any fractions were
attached to the whole nurober. Thus:

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

a b
44- 4-43
5+ 553

64 663
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The inference would be that the first group of a included
“jtems of magnitude 4 and of 4 plus any fraction attached
to it however amall. The average of the items in thig
group would be 4.5. In the case of b, however, the infer-
ence would be that the measurernents were made to the
- nearest §, and that the items in the first group would be
only 4, 4%, 4% or 43, the average of which would be 4§.
Percentage grouping. ~— It often happens that what is
wanted is not so much the number of items which fall in
M group as the relative number in the different groups.

" In this case we take the total number of items as 100 per

eent and find the per cent which the number of items in

ench group is of the total, that is, we make a percentage
grouping, or a percentage distribution,

" Yn a certain outbreask of typhoid fever the cases were

distributed according to age as follows:

TABLE 10
AGE DISTRIBUYION OF TYPHOID
FEVER CASES

Ao | T v, | o s,
(1) @ )
04 42 8.3
&9 77 15.3
10-14 82 16.3
1524 140 arg
25-34 85 6.8
35-44 45 8.9
465 34 6.7
Total 505 106.0

The figures in the third column are computed from those
in the second. The use of the glide-rule greatly facilitates
such computations, The author made the above compu-r
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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 15 one which includes the data for previous groups,
that is, all of the data from the beginning of the series up to
the group limit. An llustration will make this clear,

TABLE 11

AGE DISTRIBUTION OF CASES OF POLIOMYELITIS
Brooklyn, N. ¥., 1916

Age g = cent less
Age group. 035:-.3; fr? {glf'rﬁip (m-}r] ﬁﬁ;)&%) Pe;r(r;fl?r:‘. " t.hI;.il s‘i;?nécllea;e. Age.
1) (2) 13} ) (5) )
[ 8.5 0 &, o -
1~ 22.0 0-1 30.5 8.4 1
2- 23.9 -2 54.4 30.5 2
3 19.0 0-3 73.4 544 3
4 7.2 -4 0.6 73.4 4
b 6.6 -5 &7.2 50.6 5
6- 3.7 -6 90.9 87.2 6
7 2.5 -7 03 .4 90.9 7
B 1.5 (-8 94 9 03.4 8
O 1.3 -9 a6.2 04.9 9
10~ 0.8 0-10 97.0 96.2 10
11~15 2.0 0-15 9.0 97.0 11
1 0 28 100.0 9G.0 16
T 100.0 100.0

The figures in the fourth colurmn were obtained by sue-
cessive additions of the figures in the sccond column. 1t is
more common perhaps to state the results of eumulative
grouping in the manmer shown in columns five and six.
If there are 30.0 per eent in the eumulative group 0-1, it is
obvious that 30.5 per cent of the cases were younger than
2 years.
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_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 ig the average, or arithmetic mean. The
word mean is practically aynonymous 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 magni«

mdes of a number of items by the number of items. The
ﬁvemge of 13, 19 and 25 is W = %Z = 19, "The

12+14+10+5+9 _50
5 5

“gverage of 12,14, 10,5 and 9 is

= 10.
Now what is the average of all the items in both of these
& groups? Without thinking we might say that it is I—Q%l?«
= 14.4, but this would be wrong. To prove it add together
the items and we have

1B+194+25+124+144+10+54+9 107
8 =g =13

which is the true answer. The reason why we cannot take

the average of the two sverages is because the second

group has five items and the first group only three. The

second group being larger ought te be given a greater
~ weight in combining the two.

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

19 (the average of the first group) X 8 = 57
10 (the average of the second group) X 5 = 850
The sum is W07
and 107 + 8 = 184,
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This is what is ealled a “ weighted aserage.” It is often
very useful. Letus 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
wage per man? Certainly not M_%?_j‘__l_q It is

830 X L=% 30

$20% 3= €0

$10 X 100 . 1000

104 $)1080
$10.48

In reality this is merely an abridgment of the labor re-
(uired to add fogether the wages of each particular workman,

Bometimes it i8 required to find the average of a series of
observations arranged by groups. Let us assume that in
the following table the observations are made only to the
first decimal place,

TABLE 12
Ciroup. Numbar in group, | Avarage of group,
! Product of (2) and (3).
0 @) @)

0-0.9 21 0.45 9.45
1.0-1.9 17 1.45 24.25
2.0-2.9 12 2.45 29,40
3.0-3.9 _& 3.45 27.60

58 58)00.70
‘ 1.56 =
average

The geometric mean of two numbers is the square root of
their product. II we have two numbers ¢ and b, the geo-
metric mean is Vab. It is also called the mean proportional
between two numbers, because if we let it be represented by
z,then et =2:0, 176, ¢ 18 to £ a8 z is to b. By al-
gebra, from this equation ab = 2%, . z = Vab.
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Fig, 5, — Machine for Punching Card,

81
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If there arc three numbers the geometriec 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. Forinstance, the arithmetie
4420 24

2 2
=12, The geometric mean would
be V4 X 20 = V80 = 8.95. The
arithmetic ‘mean of 2} and 100
would be 51, the geometric mean
14.1.

Economists often use the geo-
metric 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
rate of 10 miles per hour, the see-
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, for the man did not
travel for two hours but for two miles. Actually he
traveled the first mile in v% of an hour, or 6 minutes, and
the second in ¢ of an hour, or 3 minutes, His average

643 9

time, therefore, was B 4.5 minutes per mile, and

mean of 4 and 20 is

’
¢
'y
2
L}
1
)
3
A
‘\
L
t
I'd

F1a. 6, — Machine for
Sorting Cards.
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his average rafd 8 = 13,3 miics per hour. The ztatise -

4 i
tician seldom has occasion to use this. Algebraically the
harmonic mean of two numbers, @ and b, is ibb

~ 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 4 series of averages, each
based on the same number of items, but each group of items,
ag it advances, adding one new item and dropping one old
one. If for example we have items in 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=16.3; 18+17+18=
3 3 3
17.7; 1’1’;*;,}3%;*-__12 =17.3; and s0 on. Bometimes groups

of five iteros are taken, or nine, or twenty-one, but usually
some odd number. An example of the moving average may
be seen in Fig, 44. Some one has said that the moving
average is 0 named because the large amount of work re-
quired moves one to tears. Any one thus affected should |
know that there are shorteuts to the results whieh may be
found described in works on general statistics. The moving
median wight 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 arithmetie withouf
ealling attention to the mechanical devices now available
for performing the operations of addition, subtraction, mul-
tiplication and divigion. Where sfatistical operations are
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EXERCISES AND QUESTIONS

1. Define the following statistical units as used by the U, &, Bureau
of the Census.

a. A family. . A maral eommunity.

b, A hirth, L. The pepulation of a place,
¢. A death. f. Commuuicable disease.

d. An infant. m, Mudeide,

¢ A dwelling house. n. Age.

J. A colored person, o, A cltizen,

g A farmer. p. An industrial accident,

h. A cotton-inill operative, 4. A sleeping room.

4. An urban community.

2, Critiolzc the tables in the annual reports of any health depart-
maont (as assigned by the instragtor), as to Litle, form, boxing, abbrovia-
tions, sto.

8. Diseuss the tahlos in the reports of the U, B, Bureau of the Census,
Should they be taken as models?

& Tsit good form to use the following abbreviations?

“Na. of Days,” for Number of Days.

“Pop.” for population,

“CAv.” for average.

“Ty. rate” for death-rate from typhoid fever.

#T, B. rate” for death-rate frorn tubercalosis,

What other ill-advized abbreviations huve you observed?

d Ren a.

8. In one ward of a city 817 hirths were reporied, it being cstinated,
on the basis of pagt experience, that this figure was within 8 per cent of
the truc number; in 2 second ward the report was 730 births, with an
estimated error of 20 per cont; in a third the corresponding figures were
910 and 25 per cent; in a fourth, 604 and 18 per cent; what was the
probable number of births in the city? And what was the probable
pereentage error of the tofal number of reported births?

6. If the death-rate in & certain eity was 20 per thousand in 1910,
if it decrepsed 10 por cent the next year, inercaged 10 per cent tho year
after, deercasod 20 per ¢ent the next yenr, increased 20 per cont the next
year, what was the death-rate in 19142
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~ % Multiply the following numbers by the arithmetic process, by the
use of logarithms and by the use of the slide rule. Note the relative
gccuracies of the result.

a. 17 X 215, 1. 54,672 X 93,721,
b. 95 x B47. g 4.7 X 1573,
¢ 2181 X 1050, k. 0.281 x 1.28,
d. 9230 X 40,373, 2. D507 X 0.062,
e. 10,072 X 736. Jo 432.1 X 13.41,
8, Similarly perform the following divisions:
a. 342 + 17, f. 20,073 + 98,
b. 9467 + 872. g, 763.05 + 40.39,
e, A73,561 - 2305, h. 8099 + 1101,
d. 100,262 + 730, i, 80,500 + 10.07,
e 0,517 + 2.43, 7 0.03 + 76,

9. Given the following items: Find the mean, the median, the mode,
the upper quartile,

e 6,7,6,2,84967,21,21,987,3 646
b 71,3,2001,9,6563,0,27,7040,28,
e 2,12,2, 14, 3,18, 6, 18, 1, 0, 40, 90, 3, 22, 7, 15,

-

10. Arrange cach of the sets of figures in the lnst question in groups
as follows and find the average of each set from these groups.

n 2 3 (&) 6]
Group limits (inclusive} 0-4 5-9 10-14 15-19 20 efe.
Number of items in group .. ..
1. Find the arithmetic and geometric means of

e 7tand 19, & 42land 7. e 21,7 and 1L,



CHAPTER III
STATISTICAL GRAPHICS

Use of graphic methods. — Statistics are numerical ex-
pressions of facts, When the facts are few in number it is -
not necessary to use figures to represent them, but as the
number of facts becomes larger a point is reached where
memory of individual facts must be supplemnented by
generalizing them, by letting & number stand for a class or
a group of facts. In the same way when the numerical
processes Decoms complicated, when the figures becorne
unwieldy or attain magnitudes beyond the ordinary range
of familiarity, it is useful to resort to another process and
represent the figuves graphically. And even when the facts
ave few and simple thair representation by diagram is often.
a distinet aid to the mind in grasping their meaning and
fixing them in the memory.

Thers are two distinet uses of graphie methods and it is -
important to keep these in mind in preparing diagrams.
The first uge 8 for gtudy.  The relations between different
groups, classes and series of faets can often be understood
better from diagrams than from tables of figures. By the
uge of cross-gection 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 abead of the data, thus enabling statistics to be used
28 a basis of prediciion, to compare different curves and
thus establish correlations.  Properly used graphic methods
will greatly assist the statistician in understanding his data.
It is & great mistake, however, to think that all statistios

ghould be reduced to diagrampoatic form, and it must be
58
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. rememberad that not one person in ten is able to read a
complicated diagram understandingly. Some regard dia-
~ grams as puzsles 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 s way that they will attract attention, that the
genernl results, regardless of details, will fix themselves in
the memory. This use of graphic methods has greatly
inereased in recent vears. Wo gee diagrams of all kinds on
bill-boards, in advertisoments, in public health reports,
. in popular and scientific articles, even in moving pictures,
The growing importance of the whole subject iz shown by
recent publications. The first of these was s notable book
by W. C. Brinton! on Graphiec Methods for Presenting
Facts, which contains several huvdred different kinds of
graphic representations. A joint committee on standards
for graphie presentation, composed of representatives of
-various associations of naticnal scope has been organized
to consider the subject.?

Thus, on the ove hand, we have the diagram forming s part
of mathematics, and, on the other hand, we find it merging
into the eartoon; hence we may lay down the general prin-
ciple that graphic methods of depicting statistics must be
selected according to the use fo which they are to be put.

Types of diagrams. -— The word diegram may be used in
8 generic senge to include all of the various kinds of mathe-
raatical graphs, plots, charts, maps and pictorial illustrations
- used by statisticiang for the display or comparison of mumer-

(ical data. These may be roughly classified as follows:

1. One-geale dingrams, in which different items are com-

pared with each other on the basis of a single mag-

. nitude seale.

& Bee list of referenves in Appendix.

* Coples of a preliminary report may be secured from the Am. Soe.
Mech. Eng,, 20 West 30th 8t., New York City.
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2. Two-scale disgrams, commonly known as graphs,
in which two magnitudes are invelved. One of
these is commonly represented by a horizontal
gcale and one by a vertical scale. These graphs
take many forms.

8. Three-scale diagrams. Tt ig difficalt to represent
three dimensions on a flat sheet of paper, but it is
sometimes done by the so-called isometric method.

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

5. Pictorial diagrams, or pictograms, s speecial form of

" the one-seale diagram used for display.

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

There arc also many miscellaneons types of dingrams
with speciaily devised irregular seales, logarithmic sealos,
probability scales, ete., and with one secale 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 eve to observe quickly and with fair accuracy:

(a) Distances, as, for cxample, the relative heights of
different points above a base line or the relative
distances of points from somne other point or from
HOTOE AXI18.

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

{¢) Volumes, a3 shown hy comparison of similar cubes,

~ cylinders, spheres and irvegular figures.

(d) Ratios, such as the relative lengths of parallel lines,
areas or volumes similar in general shape.
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" {¢) Slopes, or the relative inclinations of different lines
from & base line.

(f) Angles, as sbown by the sub-division of the 360 de-

grees about a point,

(g) Shades and colors, as shown by areas on pictograms

and maps.

Graphmal 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 may be illustrated by well-known optical illusions.

In Fig. 9 the line A appears to be longer than B, In
reality they have the same length, The shaded arca D ap-
pears to be taller than €. In reality they have the same
height. Astigmatism iz algo the cause of optical illusions.
Those whose business it is to prepare diagrams for display
should study these optical conditions.

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

In pictograms we sometimes see two objeets of different
size — say two men, one large and one small, illustrating
the relative numbers of persons who have died from two
diseases. If the relative numbers are as 2 i 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
- arveg of the figure. This very ¢ommon fallacy in which one
dimension is used for plotting, with no reference to the
other dimensions which automatically ebanges, may be
ilustrated 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 as large as E. This fallacy muy be called
that of plotting by line and seeing by area.

© Bimilarly when & polar diagram is maue %o illustrate
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the seasonal distribution of some disease, 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

MNP
/ NN S

F
E .
Fie. 8, - Optical Musions.

was in reality ouly three times that for August and Sep-
tember, but from the diagram it looks to be more than three
times as much. The reason is that the diagram was drawn
as a line diagram, bul the eye sees the avea as well as the
lines and the area embraced by the enveloping lines increases
a8 the points become farther from the center.
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Other fallacies connected with the choice of seales will be

pointed out in the consideration of that subject.
i Essential features of a diagram. — Every diagram, save
the very simplest, should have a title; one or more seales,
plainly indicated; a background of crosg-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 diasgrams 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 codr-
dinate lines, with the idea that if the diagram is published
the printer will set up the title in type. This simplifies
somewhat the construetion of the diagram, but if 4 lantern
glide iz made it may be that the printer's type will be found
to appear disproportionately small. If the title iz placed
within the frame of coérdinate lines these lines must be dis-
continued and not allowed to run through the letters of the
title. On machine-ruled paper this rule cannot hold as the
codrdinate lines cannot be erased. Tt is possible to place the
title on a piece of white paper and paste it over the cross-
" gection 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 primarly for
publication, it is always well to prepare them asg 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 84 X 11 in., but there
should be margins of 1 in. on the top and left and 3 in. on
the bottom and right for binding and trimming. The
paper containing the diagram should be cut 81 by 11 in.
Larger diagrams may of course be desirable or necessary.

For reproduction mest diagrams have to be reduced
in size. When this is done the diagram as 8 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.

' Ap a rule letters and figures should be so placed that
they ean be easily read from the bottom or the right-hand
edge. ,

The codrdinate 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 codrdinate
lines should be used than are necessary, as t00 many are
confuging. The codrdinate 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 uged in the same
diagram as confusion may result, If there is more than
one plotted line each should be clearly marked. This is
egpecially important if the lines cross or meet at any point.

Often it is desirable to have the diagram include within
it 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 lines or by narrow rectangles of con-
stant width, They are easy to understand and are useful
for many purposes. The magnitudes represented by the
lines may be stated in figures or there may be a scale shown
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for comparison. See Figs. 10 and 11. The lines may be
drawn horizontally or vertically,

An important principle in line diagrame is that all of the
lines should start from the same base. If this is not done
comparison is diffieult. In the ease of Fig. 11, which shows
the hirth-rates and death-rates for two Buropean countries,
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© Fra. 10. — Numbers of Deaths from Five Most Important Causes.
Cambridge, Mass., 1915,

it is easy to compare the births, shown by the total lengths,
and the deaths, shown by the black, because they start
. from the left-hand line, but it is difficult to compare the
hatural inereage of population in the two countries, shown
. by the white, because they have no common base. Jf the
" matural rate of increase is important it is better to use sepa-~
- Tate lines for births, denths and increase as shown in Fig. 11,
“eandd.
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It ia also difficult to compare two lines which, though
they have & common base, extend in opposite directions
from the base. This, however, is often done with a fair
degree of satisfaction. See Fig, 42.

0 10 20 a0
%

‘@ Zﬁ% ’ L — J
GERM.‘N\I(
/% Fatural Increase

{ == Birth Rube —— >
ENGLAND

Natural Increas

L ENGLAND
Fra. 11, — Comparison of Birth-rates, Death-rates and Rates of
Natural Increase.

Diagrams with rectangular coirdinates. — Most of the
diagrams used to illustrate statistics are of the two-scale
type. 'There is a horizontal scale with magnitudes increas-
ing from left to right and a vertical scale with magnitudes
increasing from bottom to top. It is customary also to
rule in a 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 iz good practice also to always
use for the zero line a line as heavy as the plotted line.
Ugually 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. 1In the case of percent-
age diagramy both the zero per cent line and the hundred
per cent line should be heavy., The numerical values for
‘the sub-divisions 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 ai or near the lower left-
hand corner; but circumstances may compel some different
BITRNZEIENT.

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

The distances measured along the vertical seale are known
to mathematicians as ordinaies, the distances on the hori-
zontal scale as abscissae.

- There are several 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 megnitude of an item, and to use the horizontal seale to
indicate the oecurrence of the item. Thus i Fig. 12 we
have a daily record of the rainfall for one month. Hach

~ rainfall i represented by a line of appropriate length, the
position of the line showing when the rain oceurred. This

_method is especially adapted to events which oceur intermit-
tently, and without regular gradations, that is to diserete

«The rainfall data might have been indicated by dots, or

" crosses placed at the tops of the lines, the latter being left

“out. This would be misleading, however, unless similar

- dots or crosses were placed on the zero line for the days of no

" rainfall. This would not look well, and it is never done.

- The vertical line method or ordinate ploiting is sometimes
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used for plotting data in series, the horizontal scale repre-
senting time, Thus we may compare the death-rates for
different years by a diagram such as that shown in Fig. 13 4.
This, however, is a continuous series and may be plotted

{
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Bl 8 10 July, 1917 ’
Fic. 12. — Example of Plotting a Record of Rainfall.

20 . a
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02 4681012 024681012 024681012
Ordinates Profile Curve

Fra. 13. — Example of Simple Plottings.

as a broken line, known as a profile line, which shows
continuity. See Fig. 13 B. YFor most purposes this profile
method is to be preferred to the vertical line method, but
the latter is perhaps understood better by persons not
familiar with graphic methods.
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Still another way would be 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 o better picture -
of the true events. See Fig. 13 C. The art of smoothing
curves is described in most books on statistical technique.
Tn general it may be said that the rules usually laid down
are based on the laws of probability. ‘

+ Use of the horizontal scale. — In the illustrations just
giver 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 rup on eontinuously, and there is no objection to the
method for practical purposes. In faet it is the common
method. It is not, however, strictly accurate; for o vear ig
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

“wertieal lines marking the boundaries. Graphs are often
made on this basis.

TABLE 13
RUMBER OF DEATHS: EXAMPLE FOR PLOTTING

Month., |Deaths}| Month, [Deaths|| Month, (Deaths|| Month. | Deaths, -

(1) ) §y) (2 ) [t)] {1 4]

Jan, 40 Apr. 27 July 20 Oct. 17
Feb, 30 May 23 Aug. 17 Nov. 20
Max, 25 June 26 Bept. 15 Dee, 25

Here the problem is to divide the horizontal scale, which
represents a year, into twelve parts, each of which represents
& month, and plot one point for each month, Now we get
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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, C or D.
If the figures plotied represent the monthly averages of
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* - geveral items occurring in each month the method of plot-
ting shown in Fig. 14 F iz a proper one. Fig. 14 F shows
how one may plot the mean as well as the maximum and
minimum item for each month. At present there is no
well-established custom in regard to these methods. Ploi~
ting ‘on the line is usually followed simply because it is
eagier and makes a neater diggram, Its illogical character
" seldom causes serious misunderstandings.

Plotting figures by groups. — The plotting of individual
obgervations is comparatively easy; but it is diffieult to
decide how to plot the tofals 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
Agw Nutber of Numbe{n of M’ﬁ;ﬁ’ nuober
(ast hirthday).| ~ cases. Age grouy casealn | of oaamn Joreach
] (2 @ %) {8)
0 1
1 2
2 P 04 12 2.4
3 4
4 3
& 1
6 4 {
7 3 &9 16 3.0
8 &
9 2
10 6 N
11 4 :
12 7 1014 2 5.0
13 &
14 3
15 4
16 6
7 5 15-19 20 4.0
18 3
19 2
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¥t we plot the individual items we have the result shown
in Fig. 15 A. If we plot the total numbers of cases in
each group we may do so by the methods B, C, or D.
In these the horizontal scale represents not individua) 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
-4, 15 on the ine which indicates the maximum limit of -
group 5-9, ete, In € we have plotted 12, 15, ete., in the
middle of the spaces which represent the groups. In D
the height of the horizontal line above the base is taken
fo represent the total and exiends across the group limits.
If we wish to show both the individual obhservations 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 case
of irregular groupings. Assume the following data:

TABLE 15
DATA TO BE PLOTTED
Average for
Age group, mﬁrﬂub::nﬂp. em: rg;:r in
[} 2} 3}
0 4 4 0.8
9 6 1.2
10-14 3 1.6
15~19 8 1.2
20-20 7 0.7
30-39 ] 0.6
40-59 8 0.4
60-79 6 0.3
80-09 3 0.15
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.+ Inthe . * ‘ace we must find some way to indicate to
. . the eye the varying intervals of the group. The first four
- groups cover five years, the next two ten years and the
lngt 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 codrdinate lines are regular and the
group limits are shown by the émphasized horizontal scale,
1In C the blocks indicate the group limits. Not one of these,
- however, gives an adequate picture of the distribution of
the cases according to age, because the groups are not
‘uniform. All three diagrams are fallacious because the
ordinates are not strictly comparable. The best way to
_ show distribution by age is to make the groups comparable
by reducing &ll to & common denominator. This can be
~ done by finding the average number of cases for each year
in the group. The results ave shown in Fig. 16 D). Here -
© the irregular grouping on the horizontal seale 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 summa-
tion of the items in preceding groups. 'This gives what are

. ealled 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 appteximately through them is sketched in,
It should be noticed that in this diagram the horizontal
scale 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 a
value of 24 years, as shown by the crosa. In the same way
~ the quartiles may be found and the decentiles.
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TABLE 18
DATA TO BE PLOTTED

Nutnbar Number of eagses
Ago-group 0‘"29“ Summation groups Age, lega than stated
: age.

(1) @ ()] (t) ()

-4 4 0-4 - -

59 6 (-9 5 4
1014 8 0-14 10 10
15-19 ] 0-15 15 18
229 7 0-29 20 24
30-39 3 0-39 30 3
40-5% 8 0-69 40 36
60--79 8 0-79 gg %
50-99 . 3 0-99

Total | B3 160 5

Another use ig that of redistributing the cases according
to & different age-grouping. Let us suppose that we desire
to find the number of cases between the ages of 35 and 45,
1.6, in age-group 353-44. From the verfical 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 = b cases in age-group 35-44. This principle

may be usefully applied in redistributing the population of
a ity into age-groups in connection with the computation
of specifie 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 greater vertical scale
and the smaller horizontal scale the slope of the plotted
line is more.

Hometimes for purposes of comparison two lines are
plotted on the same sheet, each having its own vertical
scale. Here the choice of
g? the proper seale ig all-im-
. portant.

2
& It sometimes happens
ﬁw that in order to show the
0 desired variations in a series
§ g % 8 & & 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-
e pear on the diagram. Right
here lurks a graphical fallacy
which may be serious. It is
best appreciated by study-
ing an actusl lustration,
Fig. 19 shows the general
| ’ death-rate and the tuber-
° culosis death-rate per 1000
gg-—'g‘ggg inhabitants in Boston,
Fro. 18. — Dvath-rates: Moseow, Massachusetts, from 1881
gsxglgogcﬁ;‘_’wmg Effect of y, 1911,' the figures being
plotted in five-year groups.
In A different scales are used and the scales do not ex-
tend to zero on the base line. In B the same scale is
used for both series of ilems. From diagram A one would
get the idea that the tuberculosis rate was decressing
much fagter than the general death-rate, but from diagram
B the opposite idea would be obtained.

2 g g %5

B

Rate per 1000
2]

E &

b
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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 O 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 pot carried to the base line and the
diagram gives the optieal 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 vertieal scale it should be
drawn as a wavy line instead of a straight line, and this
jdea has much merit. Where two difierent 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 seale
does not go to zero. ¢ in Fig. 20 illustrates the appear-
ance of a diagram drawn in this way. The wavy line
implies that the lower part of the disgram is omitted, The
form shown in 1) is even better. ,
- Diagrams with polar codrdinates, — Fig, 21 illustrates
a diagram with the ordinates represented by digtances
from a central point along radial lines, the abscissm, if we
may use the term out of its place, being represented by the
‘angle which the ordinate makes with the vertical measured
;.olockwise around the circle. This form of plotting has
‘8 limited application and because of its inherent fallacious
character should be abandoned,

Double cobrdinate paper. — Sometimes it is convenient
!',p use what may be called double cosrdinate paper. This
is illustrated by Fig., 22. Here the plotted line may be
!rpad against either set of codrdinates, The horizontal
lines give the number of deaths from typhoid fever, the
scale being ut the left,  The inclined lines give the death-
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rate per 100,000. Thus in 1900 the number of deaths
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 scen that the ratic between

Fra, 21, — Example of Radial Plotting.

the right-hand and left-hand secale for any horizontal line
gives the rate for the heavy line, i.e., 200 + 1,000,000 =
1M0§, (())OO’ or20 per hundred th_qusand. Soalso 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 represents a cengus. The rate line of 30
is, on each vertical, as far above the black line aa therate
line of 10 is below it. And so on. '

In the example chosen the typhoid fever rate in Brooklyn
bas fallen since the date of the last plotting, <.e., 1908,



SEMI-LOG CROSS-SECTION PAPER - 83

HOLVINdDg
\| @ i 2
oo \ gsgg g
m,\\ i é;
= e\ gigs %%
i EE
oBak % \ - ‘%s,g
2 §;§§ é
ust «%\\ ) £ E§
oust) ‘% \ : §§§§ gg
\ \% il
2 | £
uar—é_ . Pag EE
\elt [
nim'g \ Ha¥ S!}
| | g

(]
¥aAad QIOMdAL WOUA $HLYI] JO HABWNN

- Semi-logarithmic cross-section paper. — Thus far we have
been dealing with regular soales in which the intervals are

" uniform from one end to the other, It is posgible to construct

scales with intervals which are not uniform, but which vary
in a gystematic way. These are used for special purposes.
.. 'The most common gcale of this kind is the logarithmie scale.
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Dijagrams in which the vertical scale is logarithmic and the
horizontal scale uniform are sometimes called * ratio
charts.” Thege 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

Number, Laogarithen.

(1

=
=

s
seasses

As each number increases tenfold the logarithm increases
by one; and in general it may be said that as numbers
increase at a regular rafe the logarithms increase by a
vegular increment. From the logarithm tables® it may be
seen that the log of 10 ig 1.0000, and that if 10 is increased
hy 25 per cent and becomes 12.5 the log of 12.5 is 1.0969,
an increment of 0.0060, The log of 50 is 1.6060. 50 in-
creaged by 25 per cent is 62.5. The log of 62.5 iz 1.7959,
an increment of 0.0869 as before. The log of 1570 is 3.1959.
1570 increased by 25 per cent is 1962.5 and the log of this
in 3.2028, an increment of 0.0969 as before. If, using a
uniform seale, we plot figures which increase at a constant
sate we shall get a curve as shown in Fig. 22 4. Let us
1 Bee Appendix, .
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b S8TATIBTICAL GRAPHICS

gtart with a population of 100 in 1870 and assume an in-
crease of 20 per cent each decade. We then have the
following:

TABLE 18

DATA TO BE PLOTTED .
Yoar, Population, LO%,&E&?P“‘
() [¢4] 3
1870 100 2.0000
1850 120 2.0792
1000 173 2.2380
1810 207 2.3160
1920 18 2.2045
1930 200 24757

The figures in column (2) are plotted in 4. If we plot the
logarithms of the numbers in column (2) we have a straight
line a8 in B. This being so, why not label the horizontal
lines with the numbers in column (2) instead of their
logaritbms? This is done at the right of the diagram. Tt
will be seen that the vertical scale is not made up of uni-
form intervals, but aside from that faet it is a perfectly
good geale. In C we have a diagram in which the vertical
scale (represenied by the horizontal lines) is drawn on this
basig, and it will be seen that the figures in column (2)
plotted on it fall in a straight line. This iz » single loga~
rithmie, or in simpler words, a ratio chart. Figures increas-
ing at a eonstant rate plot out as a straight line on paper
thus ruled, Z.e, with a uniform horizontal scale and a
logarithmic vertical ascale.

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 ordicsry cross-section paper with
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uniform scales we obfain an ascending curve, but from t..
we get no idea of the constancy of the rate of increase, This
is shown in Fig. 24 4. But if we use semi-log cross-section
paper, a8 in B, we find that the rate of increase was con-
stant from 1790 to 1860, but that since the Civil War the rate
has been nearly conmstant 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.
Examples of the use of semi-log paper in plotting death-
rates will be found on Jater pages.

Another use iz that of enabling us to plot on one sheet
“pbservations which cover g very wide range. If we were
uging a uniform scale to plot such figures we should have to
make 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 intervals for the small
numbers are larger than for the high numbers, so that if
plotted on this paper we can still read differences in the
lower part of the scale. The upper part of the scale is fore-
shortened, In fact we can discern the same percentage
differences in all parts of the scale.

Warning must be given against the too frequent use of
semi-log paper. Because of its unequal seale divisions it is
not well understood by the general public. It is a ploiting
paper which should be used for study rather than for dis-
play. It is not well adapted to the plotting of vital sta-
fistice by months, because it is not the rates of change
secorling to seasons which interests us, but the actual
changes. It must be remembered that semi-log paper is
ratio-paper,

Logatithmic cross-section paper. — By logarithmic cross-
section paper we usually mean paper on which both the
horizontal and the vertical scales are logarithmic. Here
the ratios are in both directions. It will be observed that
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the infierval 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 .
uge for statistical purposes 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 can be purchased
from dealers in engineering drawing materials.! The fol-
lowing seales are convenient for ordinary work:
(a) Inches subdivided into tenths in both directions.
(b) Half inches subdivided into tenths in both directions.
(¢) 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.
{f} Logarithmic probability paper,
" {g) Paper with horizontal scale ruled for the calendar year,
and vertical scale in inches subdivided to tenths.
. Yt iz possible to buy tracing cloth ruled in cross-section
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 & regular draughtsman’s equip-
-ment, This should include:
(@) A drawing board of appropriate size. For small
disgrams a size of about 12 in. by 17 in. is satis-
factory.

1 Buch as the Codex Company, 119 Broad 8t., New York.
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(b) A tee-square long enough to extend across the draw-

ing board.

(¢) A 30-degree triangle, 10 in, lorg, celluloid.

(d) A 45-degree triangle, 6 in. long, celluloid.

(e) A lettering triangle, to give slopes for letters.

{f) A ruling pen.

(¢) One or more scales, steel, celluloid or boxwood,

variously ruled in tenths, quarters, ete.

(A) Black drawing ink (Higgins).

{z) 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 surprising
how much one ean improve in lettering by giving attention
to a few guiding principles,

For mopt diagrams it ig best to adopt a very simple style
of letter. Shaded letters look well on maps, but are out of
place on line diagrams, The two styles shown in Fig, 20
are suitable for ordinary work, The choice of a vertieal
lettor or a sloping letter is largely a matter of taste, Most
people are more successful with sloping lotters. They can
be made & little more rapidly, but they are perhaps » little
more informal than vertical lotters.

It is important that letters appear to be uniform in
beight and slope. It is well to use guides both as to height
and slope. Letters should also appear to be spaced uni.
formly. 'The curves of such letters as C, G, O and S should
extend slightly above and below the horizontal guide lines.
Adjacent straightine letters such ag N, I, U, M, ete.,
should be spaced a little farther apart than curved 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, a8 that of Relnhardt. A “lettering triangle,”
which ean be obtained from dealers in drawing materials,
is 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 ia the best place for it,
but often its loeation is governed by available space. The
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~ gizes of letters used should follow the important words,

Each line ghould be centered, Write each line on & serap
" of paper: count the letters in it: find the middle letter:
put that down first and then letter backwards snd 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 ellipge.

Label each scale, except that it is unnecessary to do so
in the case of months and years. I"0 not use abbreviations.
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,
1t is a good rule never to make a let er or a figure less than
} inch in height,

Somewhere on the sheet, but outside of the diagram
- iteelf, should be plsced the initials of the person who wade

" the diagram and the date. 'This is valuable for identifica-
tion, but it need not be published.

Suggestions of committee on standards. — The com-
miltee 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 scale does not normally
appear, this should be indicated by an irregular
horizontal break in the diagram,

5. The zero lines of the seales should be sharply empha~
sized from the other codrdinate bines by making them
heavier,
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6.

7.

10.
11.

12.
13.

14,

15.

16.
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Where percentages are shown, both the zero line and
the 100 per cent line should be emphasized.

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 emphasized, since they do not
represent the beginning or the end of time,

When logarithmie codrdinates are used, the limiting
lines"of the diagram should be at some power of ten,

. It is advisable not to show any more codrdinate lines

than necessary to guide the eye in reading the dia-

gram.
The plotted lines of a diagram should be sharply dis-

tinguished from each other and from the ruling,

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.

The figures for the scales should be placed at the left

and at the bottom along the respective axes,

It is often desirable to include in the diagram the

numerical data or formulae represented.

If the numerical data are not included in the diagram,

it is of ten desirable to give them in a table accompany-

ing the diagram.

Letters and figures should be placed so as to be read

easily from the base or the right-hand edge as the

bottom,

The title should be as clear and complete as possible,

sub-titles or deseriptions being added i 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 certrin general principles should be kept in
mind. They shot 1 be simple and clear, of ample size
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and plainly lettered. If intended to be seen from a dis-
tance 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 ean be pur-
chased. Examples of these letiers 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 lines made in
different ways. The following are easily distinguishable:
Heavy full line
Light full line
Heavy broken line - - ——
Light broken line =~  w o o e e
Dotted line .............................................
Dot-dash line —rmtmem e o

{ For wall charts or posters intended to be viewed from 2
<zﬁistance, colors are justifiable.

/ The eross-seetion lines on the ruled paper ordinarily sold
F;z colored green or brown or light red. Very bright colors

Gr L2 B0

d for this purpose are exceedingly trying on the eyes.
It iz desirable however to have a color which can be pho-
itographed and algo 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 8 total number we may subdivide a line or
a long rectangle and label each part, or we may subdivide
an ares, as & BQuare or a circle, indieating differences by
colors, shades or patterns as in cartography. A circle
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properly subdivided is an excellent type of diagram to show
percentages. Here the sectors plainly show the desired

1234567890.

ABC

Yig. 27. —Examples of Gummed Letiers, Useful for Wall
Dingraimna.

differences. This sort of a diagram is not to be confused
with plotting by polar cotrdinates. (Bee 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 clusses involve differ
ences which cannot be expressoad in figures, but that statisti-
cal groups contain facts similar in kind but which differ from
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each other numerically. This difference should be kept in
mind in preparing statistical maps.

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

Fia. 28. — Proportion of Deaths from Each Specified Cause in
the U. 8. 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 patterns or colors. Different shades may be ob-
tained by suecessive washes of color applied with g 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 prints. 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 frame 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 diagram is made fairly thin and transparent.
Paper should be gelected with blue-printing in mind. The
transparency of paper can be greaily increased by oiling it
on the back after the diagram is made. A liquid sold
under the name of * transparantine ™ is satisfactory. The
best blue prints of diagrams are obtained by the use of trac-
ing cloth. This has many advantages. It is easy to ink
on and eragutes may be made. The lines are sharp and
photogiaph well. The cloth does not tear. The cloth s
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 lies
and erased hefore 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 Methods. pp. 216, 233.
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the blue by using & weak solution of caustic sods in a pen
a8 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 disgrams for publication is to photograph them
and print from a gine plate. This is the cheapest and most
available method, It i necessary that the original draw-
ing be well made, with lives 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 13 reduced one-third. To have diagrams made by a
‘draughtsman costs something, but, if the photographic
process is to be used, it is worth while. The draughtsman
. should know what the size of the published plate iz to be.

Thaose not skilled in making diagrams ought to know that
there is another process of reproduction which does not
require 8 carefully drawn original, namely, that of wax
engraving, In this process the cngraver does the work of
the dranghtsman, A copper plate is used. The lettering
in this process ean be put in with type. This results in pers
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., Unfortanately there are not many
wax engravers in this country.

Equation of a curve. — Having ploited certain data on
rectangular codrdinate paper, that is, using s 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 curve. This is
not difficult, but it requires the usge of mathematical prin-
ciples not considered in this hook. The reader is referred
" to such books as Saxelby’s “ A course in Practical Mathe-
maticg ”'! or Peddles’ “ Construction of Graphical Charts,"?

EXERCISES AND QUESTIONS

1. Describe Ripley’s method of preparing statistical maps with
different shadings. [Pub. Am. Sta. Asso., Sept. 1899, pp. 319-332.]

2. Construet a graph of the birth-rates and death-rates of Sweden
from 1749 to 1900. (See p. 258.)

3. Construet a graph of the natural rate of increase of the population
of Bweden from 1749 to 1900.

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

B. Find diagrams in this book which do not conform to the prineiples
deseribed in Chapter 111,

8. Construct a ** devil’s checker-board,” as follows:

a. Take a piece of cardboard or heavy drawing paper and rule in
black ink a rectangle 8% wide and 11/ high. Rule also a horizontal
line 1" below the top, and a vertical line 1’/ {rom left-hand edge, in order
to leave suitable marging at top and left.

b. Subdivide the 75" on the honizontal line into 15 halfuingh spaces
and rule vertical Hnes. Subdivide the 10’7 on the vertical line into 40
quarter-inch spaces and rule horizontal lines.

¢ Draw in red inelined lines gloping downward to the left, being $'*
apart in a horizontal line and 131° apart in & vertiea! direction.

If the work is done aceurately certain of these diagonals will intersect
corners of the amalfl rectangles; if the work is not acceurate the name of
the problem is justiied. These guide lines will be found eonvenient in
the construction of tables. The sloping lines will serve as guides for
sloping letters.

7. Censtruet n colored wall chart showing the death-rates from
several diseasea for some oity, using the one-seale type of diagram.
Assume the chart is to be read from a distance of twenty feat.

! Pub. by Lougmans, Green & Co., 1908,
1 Pub. by McGraw-Hill Book Cu., 1910,
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8. Deseribe the method of constyuction and the varied uses of ratio
arosmeseetion paper.  (Quar. Pub. Am. Sta. Aswo, June, 1917, p. 577.)

8. Plot ihe population of some oity (nssigned by the instructor) using
ordinary eross-section paper and ratio paper.

10, Construct o eolored component-part diagram (subdivided circle),
. showing the composition of the population of some eity or state (data
assigned by the instructor}.



CHAPTER TV
ENUMERATION AND REGISTRATION

All civilized nationg at regular periods enumerate their
populations, that is, take a census. There are various
governmental reasons 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 are put. In consid-
ering 2 census several quesfions Immediately arise;” when
was 1t made, what area was included, how were the data
obtained, what were the resulis 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 & 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 commise
siong created for the purpose and which went out of exist-
ence as goon as the task had been accomplished. A per-
manent 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 iz now in the Department of Commerce.? Tts
* 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-

Census Act of Mareh 3, 1919,
102
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gistics of many kinds relating to the people, vital statistics,
financial statistics, municipal statistics, statistics of agri-
culture, fishing, manufacture, transportation, mining, and
others.

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. Tn 1900 there were three
volumes on population and two volumes on vital statistics
obtainable by purchase from the U. 8. Publication Office at
Washington. Bulleting of the census may be oblained
from the “ Director of the Census, Washington, D, C.”
Eists of available reports and bulleting may he obtained
without charge by writing to the director.

In 1910 the report of population comprised four large
wolumes. 'The ficst contained the general data for the coun-
try, classified snd grouped in many ways; the second and
third gave the population subdivided by ecivil divisions;
the fourth, occupations. For some ibme it has been cus-
tomary to inelude in each census report the populations for
the two censuges precading. ‘This is for comparigon and to
enable estimates of population to be made. "Thus, in the
thirteenth census will be found the populations for 1919,
1900 and 1890, .

A table often consulted was that on page 430 of Vol. I,
Part 1, of the U. 8. Census of 1900, which gave the popula~
~tions of all cities which were larger than 25,000 in 1900, foy
_every census since 1790.  In the 1910 census these 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 are now being
“,published as a series of volumes. Vol. I gives the number
~and distribution of the inhabitants for the years 1800, 1910
q’und 1920,
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These census reports should be in every public library,
and in the Library of every city government, ag they con-
tain & vest amount of important information relative to
the growth and condition of our country. Every student
of demography should become thoroughly familiar with
the U, 8, Census reports.

The census date. — For most purposes it is sufficiently
acourate to say that the census was taken in a certain
year, but for the 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 repregents the population for
any year we ghoyld naturally choose the population as it
wag at the middle of the year, namely July lsi. But it is
fiot practicable to enumerate all of the people on a single
day, and July st is not the best time to make the enumer-
ation beeause being in the vacation season many people
are likely to be away from home. For practical reasons
another day is chosen ag the official day for taking the
CONBUS,

In 1920 this day was Jan. 1. Tt took thirty days to
make the enumeration, but the data were adjusted to this
day 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 date was June 1. In 1910 it was April 15th,
Hence between the census of 1800 and 1910 the interval was
not 10 years, but ten years less 13 months (April 15 to June
1) or 1% per cent less than ten years. Between 1910 and
1920 the interval was ten years less 8% months (Jan. 1 to
Apr. 15), or nearly 3 per cont less than ten years. In some
computations this introduces an appreciable error and g
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 ig taken every ten years, but one year later



CIVIL DIVISION 105

than in the United States, that is, in 1911 and 1921. This
has been so since 1801. The time of the census is * at mid-
night before the first Monday in April.”

It is quite possible to adjust the population of the census
year, 5o a8 to find what it was on July lst of that year,
. gnd this has been done by the U. 8. Census Bureau and the
figures wsed 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 Btates ia
given in the census reports by minor civil divisions. The
total population of the paiion is subdivided into continen-
tal and “ outlying possessions,” the latter including Alaska,
.the Philippine Islands, the Hawaiian islands, Porto Rico,
and severnl smaller possessions as well as persons in naval
and military serviee stationed abroad. The Fourteenth
Census covered only the United States proper. The ¢on-
tinental population is subdivided into states; the states
into counties; the counties into cities, boroughs or towus;
the cities into wards; the boroughs and towns into villages
and rural regions. These civil divisions differ somewhat in
different paris of the country,

In comparing the figures for different decades it must be
remetabered that the boundaries of the civil divisions are
gubject to change. State boundaries are quite permanent,
but cities frequently increase by annexation of suburbs,
and ward lines change still more frequently sccording
to political exigencies. In most cases 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
censug of 1920 the country was divided into numerous
supervisor’s districts each under the charge of a supervisor
appointed by 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 statlstlcs 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 ocoupied one line.!

The achedule corresponded closely to those used in the
censuses from 1850 to 1880 and 1910, The schedule used
in 1890 wag 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.

111, 8. Census, 1920, Vol. 1, p. 694.
2 1. 8. Census, 1890, Population, Part I, CCIV.



THE ENUMERATION SCHEDULE OF 1820 107

BeaspuLn

Place of Abode.

1. Street, Avenue, Road, ete.

2. House aumber or farm, ete. (See instructions,)
- 8. Number of dwelling house in order of visitation.

4, Number of family in order of visitation.

5. Name of cach person whose place of abode on January 1, 1920,
was in this family., {Enter surname first, then the given name and
middle initial, if any. Include every person living on January 1, 1920
Onoit children born sinee January 1, 16020,)

8. Relation. Relationship of this person fo the bead of the family,

Tenure.
7. Home owned or rented.
8. If owned, free or mortgaged.
Personal Description,
9. Sex
10, Color or race. .
11, Age at lagt birthday.
12. Single, married, widowed, or divorced.

Citleenship,

13. Year of immigration to the United States,

14. Naturalized or alien.

15. If naturalized, year of naturalization,

Education.

"~ 18, Attended school any fime since Sept. 1, 1919,
17. Whether able to vead. ‘
18. Whether able to write.

- Nutivity and Mother Tongue.

Place of birth of ench person and parents of each person enumerated.
H born in the United States, give the state or territory. 1f of foreign
birth, give the place of birth and, in addition, the mother tongues
(Bee instructions.)

" Person.

19, Place of birth
20. Mother tongue.

Father,
21, Place of birth
22. Mother tongue.
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Mother.
23, Place of birth.
24. Mother tongue.
26. Whether Able to Speoak Bnglish,
Cocupobi
26, Trade, profession, or particular kind of work done, as spinner,
saleaman, loborer, ete,
27. Industry, business, or establishroent in which at work, as cot-
fon mill, dry goods store, farm, ele.
28, Employer, salary of wage-worker, or working on own aceounts
20. Number of Farm Schedule.

One hag only 1o read over this list to see the importance
of statistical definitions. What, for example, i meant by
the “usual place of abode”? This is the place where he
 lives 7 or “ belongs ™ or “ the place which is his homs.”
As o rule it is where he regularly sleeps. And then what
about those persons who have no place of abode, lodgers
in one-night lodging houses, tramps, laborers in construction
camps, ete.? Buch persons have to be enumerated where
found, 1t required a formidable book of instruetions to
make all these things plain to the enwmnerators.

Bowley’s rules for enumeration,— The English statis-
tician, Bowley, has laid down the following rules in repard
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 few in numbex.

Require an answer of # number or of 2 “yes ™ or “ o
Simple enough to be readily underatood.

Such as will be answered without bisa.

Not, unnecessarily inguisitorial,

As far as possible corroboratory.

. Buch as directly and unmistakably cover the poini of information

Mg g
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These rules apply equally well to the collection of data
by registration.”

Credibility of census returns. — It is not to be expected
that the census figures are strictly aceurate. Errors are
bound to he made by the enumerators; some persons are
gure to be omitted from the count, especially those travel-
ing: some may be counted twice; and in rare instances the
lists huwve been thought to be padded. Taken as a whole,
however, the results may be considered as reliable, and it
ghould be noted that the published data of the U. 8. Census
are accepted as evidence which may be introduced without
proof in courts of record. Unless there is good reagon for
doing otherwise they should be used instead of local esti-
mates as the basis of computing vital rates. As a rule
also they should be used in place of state censuses, but
there are some exceptions to this,

Collection of facts by registration and notification. -
If it is difficult to mecure accurate statistics of population
obtained by enumerators hired for the purpose and properly
instrueted, how much greater the difficulty to obtain coms-
plete and accurate statistics by the method of registration,
when the returns are made by large numbers of physicians,
undertakers, clergymen, nurses and laymen not properly
instructed, not interested in the proceedings and not always
understanding the law, with inadequate laws, and with
governments too easy-going to insist on the enforcement of
such laws ag exist! And yet most of the vital statistics of
'the country are collected in this way. Worst of all, the
people at 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 facts. The reports are
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made in accordance with preseribed 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
deaths dates back to 1538 when Thomas Cromwell, Vicar

" General under Henry VIII, isgued injunctions to all parishes

in England and Wales requiring the clergy to enter every
Sunday, in 8 book kept for the purpose, a record of all
baptisms, marriages and burinlgs of the preceding week.
In 1663 this work was asgigned to “ parish registers.”
Lt was not until 1837 thai registration of births, marriages
and deaths beearmne a civil function. In 1870 it was made
ecompulsory. 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
Fogland the town clerk figured largely. In Massachusetts
u 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 was altered in 1795. In 1842 a registration act was
pagsed in Massachusetts which made the Becretary of the
Commonwealth the custodian of these records. This act,
together with an amplifying act in 1844, forms the basis of
registration in Massachusetts 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 many committees of such organizations as
the American Medical Association and the American Public
Health Associations have played prominent parts in the

1 Btate Banitation, by George C, Whipple, Vol. I, p. 56.
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> movement. At the present time the United States Bureau
_of the Census is taking the lead in urging necessary reforms
in the registration of vital statistics.
.+ The laws relating to the registration of vital statistics are
_pot the same in all states. In Massachusetts a State Reg-
istrar in the office of the Secretary of the Commonwealth
" has charge of the matter, 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
tajes, however, still maintain their old arrangement. This
mgdel law should be carefully studied. It may be found
' irfthe Appendix.
egistration of births, — It is important that the birth
each and every child born be duly registered.
ff The information desired for the legal, social and sanitary
Purposes, according to the United States standard certifi-
te approved by the Bureau of the Census, and in use since
006, is as follows:

P 1. Place of birth, including State, county, township or town, village,
or ¢ity. 1f in a city, the ward, street and house number; if in & hospital
or other institution, the name of the same to be given, inetead of the
street and house number.

2. Full name of child. If the child dies without & name, before the
certificate is filed, enter the words “ Died unnamed.” If the living
ohild has not yet been named at the date of filing certificate of birth,
the spacefor “ Full name of child ™ is to be left blank, to be filled out
subsequently by a supplemental report, as hereinafter provided.

3. Bex of child.

4. Whether » twin, triplet, or other plural birth, A separate cer-
tificate ghall be required for each child in case of plural births.

5. For plural births, number of each c¢hild in order of birth.

6. Whether legitimate or llegitimate. (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, Regidence 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 employment, with the statement of {(2) trade,
profeagion, or particular kind of work; (b) general nature of industry,
business, or establishment in which employed (or employer).
14, Maiden name of mother,
15. Rugidence of mother.
16. Color or race of mother.
17. Age of mother at last birthday, in years,
18. Birthplace of mother; at least State or foreign country, if knuwn.
19. Qccupation of mother. The oceupation to be reported if en-
gaged in any remunerative employment, with the statement of (a)
teade, profession, or particular kind of work; (b) general nature of
industry, business, or establishment in which employed (or employer).
20. Number of children born bo this motber, including present hirth
subdivided as follows: — (@) born alive and now living. (») born
alive and now dead. {¢) still-born. !

21. Number of children of this mother living.
1

The duty of making out this certificate rests upon the
attending physician, mid-wifc 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
gecurred 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 ease the child has not
been named when the first report is submitted, The local
registrar, or a sub-registrar, must examine this certificate
as to completeness and probable accuracy, secure correce
tions if necessary, keep a record of the birth certificates
received, numbered serially as received, and once a month
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fransmit the original certificates to the State Registrar, for
»i)ermanent preservation. Small fees to local registrars for
the recording of births are provided and likewise penalties
for failure. Provigion is made for giving certified copies of
the birth records 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 thé birth
be reported within twenty-four hours. 1f, as should be
the case, the local registrar is connected or closely assosi-
ated with the local board of health, the prompt information
that a birth hax occurred enables the health officer to send
a visiting nurse to offer advice and assistance in caring for
the child. Infant mortality cannot be greatly reduced in
cities unless this prompt report is macde,

. Advantages to individuals of having births publicly
recorded. — Legal evidence is thus made available as to: —
. Place of Birth, useful to prove citizenship (necessary for
pass-ports), to prove residence, to acquire a legal * gettle-
-ment.”’

- Time of Birth, useful to prove age, to obtain admission
to school, to establish right to go to seek employment
under the child labor law, to prove liability for military
gervice, 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,
1o obtain pensions.
.. Parentage, to establish identity, to prove nationality, to-
‘prove legitimacy, to inherit property, to obtain scttlement
-of insurance, to establish ecitizenship.

- What are some of the evidences of incomplete birth
registration? — Dr. Louis 1. Dublin hes suggested three
smple tests. First. The number of births registered in a
ealendar year should be greater than the number of living
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children under one year of age. Second. -The birth-rate
does not usually vary greatly from year to year. Wide
and erratic varistions indicate probable deficiencies in
qeporting. 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 rake the report; and {(4) the pa,rents 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, ¢te., should be provided,
80 a8 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 g later date would help to solve the problem. No
fee ghould be given to a physician who does not report
within the statutory time limit. What is most needed
however is a rigid enforeemnent of the ponalty clause. A
local registrar once gave the author as the reason for not
imposing fines on physicisng for failure to report, — “I
am 0o good natured.” This spirit is fatal to good govern-
ment.

Registrars are not without opportunity to obtain evidence
of negleet, Tn the case of reported infant deaths the local
registrar should ascertain if the child’s birth had been
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- pecorded. Church records of baptisms may be compared
 with birth returns. The checks are not as complete as in
" the case of death returns, but an ingenious local registrar
will have little dificulty in getting good returns if he takes
his task seriously.

In Cambridge, Mass., the birth records were at one time
so incomplete that annually a house to house canvass had
to be made to ascertain the births for the year. This was a
disgraceful admission of incompetence on the part of the
iocal 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.
- If in & city, the ward, street, and honse number; if in a hospital or other

institution, the name of the same to be given instead of the street and

house number. If in an industrial camp, the name of the camp to be

given.
2. Full name of decedent. If an unnamed child, the surneme pres
eceded by “ Unnamed.” R
2 Residence at usual place of abode (ward, street and number), and

length of residence in city or town where death oceurred in years and
months. Also how long in United States if of foreign birth.

3. Bex.’

4. Color or race, 25 white, black, mulstio (or other negro descent),
Indian, Chinese, Japanese, or other.

§. Conjugal condition, as single, married, widowed, or divoreed.

Sa. If mareied, widowed, or divorced. Name of husband or wife.

6. Date of birth, including the year, month, and day.

7. Age, in years, months, and days. 1f Jess than one day, the hours
or minutes.

8. Occupation. The oceupation fo be reported of auy person, male
or femnale, who had any remunerative employment, with the statement
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of (z) trade, profession or particular kind of work; (b) general nature of
indnstry, business, or establishment in which employed (or employer);
{c) name of employer.

9, Birthplace; st least State or foreign country, if known.

10, Name of fathar.

11. Birthplace of father; at least Stute or foreign country, if known.
» 12, Maiden name of mother.

13. Birthplace of mother; at least Btate or foveign country, if known,

14. Signature and address of informant.

15, Official signature of registrar, with the date when certificate was
filed, and registered number.

18. Date of death, year, month, and day.

17. Certification as to medical attendancs on deeedent, fact and time
of death, thme last sesn alive, and the cause of death, with contribu-
tory (secondary) cause of complication, if amy, snd duration of each,
and’ whether attribated to dangerous or insanitary conditions of em-
ployment; signature and address of physician or official making the
medical certificate;

18. Where was the disease coptracted if not at place of birth? Dxd
an operation procede death? If so give date. Waa there an autopay?
What test confirmed diagnosis?

19, Place of burial or removal; date of buvial.

20. Bignature and address of undertaker or person scting as such,

The first thirteen items are chiefly persopal 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 medicat
attendanee the undertaker must nofify the local registrar
who may not issue s burial permit antil the case is referred
to the local health officer for investigaiion and certifi-
cation, In case there ig 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. Finnlly items 19 and 20 musi be signed by the
undertaker,
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The certificate of death thus made out and duly signed
Sust be filed by the undertaker with the local registrar (in
‘some states the loeal board of health), and & burial permit
“or removal permit obtained prior to the disposition of the
‘body. This permit 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 respongible for filing
the certificate with the local registrar (or loeal board of
‘health), but the physician is responsible for making out

" peptain very essential parts of the certificate.

Records of death certificates and burial permite &re of
courge kept by the local registrar (or local board of health).

- Thus there ig a check on the death certificate, and partly

for this reason the registration of deaths iz 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 vegistrar to the state registrar,
Uses of death registration, — The uses of death regis-

- tration are legal, economie, and social, It assists in the
. prevention and detection of erime. It is invaluable in the

settlement of life insurance and property inheritance cages.
It furnigshes 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
récords may be of great local value in the study and sup-
pression of epidemics and outbreaks of communicable dis-
eases,

- Marriage registration. — There is no uniform or * model ”

.Inarriage law in the United States; state laws differ from each
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other. The custom is that persons desiring to marry mush
“first obtain a civil licenge from s designated loeal official
and present it to the authorized person who performs the
ceremony. The person officiating is required to register
the marriage. The persons responsible for marTiage regis-
tration are therefore the clergymen and the justices of the
peace.

The faets required in the registration of marriages are
commonly ag follows:

1, Date of the marriage.
2. Place of the marriage.
3. Names of the persons married,
4, Their places of birth.
5. Their residences,
6. "Their ages.
7, Their color.
8, The number of the marsiage (as the first or gecond),
9, If previously matried, whether widowed or divoreed.
10. Their ocoupations.
11. The names of thetr parents.
12, The maiden names of their mothers.
13. The date of the record.
14. The signature of the officiating person.
15. His residence and official station.

Unfortunately the cegistration 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 disexse dangerous to the public health is com-
paratively modern. It is true that many years ago such
dreaded diseages as smallpox bad to be reported, bué it is
gince the organization of modern health departments and
the general understanding of the manncr in which com-
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municable diseases are spread that compulsory notifieation
"has become widespread, In 1874 the State Board of Health
of Massachugetts took the lead by arranging & plan for the
weekly voluntary notification of prevalent diseases. Over
s hundred physiciana agreed to make this report,” Ten
years later, in 1884, the state passed a law requiring bouse-
_ holders and physicians to report immediately to the select-

men or board of health of the town all cases of smallpox,
diphtheria, scarlet fever, or any other disesse dangerous
to the public health. Other states followed suit.

The requirement of notification of diseases is an act of
police power and authority for it resides in the state gov-
ernments.  In Massachusetts legislative authority has been
delegated to the Btate Board of Heslth (now the State
Department of Public Health) to determine what diseases
are dangerous to the public health, and such digeases 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
regulations in the several states differ greatly from each
other,

In 1913 & model law for morbidity reports was adopted
by s conference of state and territorial health authorities
and the U. 8 Public Health service. According to this
law the state boards (or departments) of health are re-
. quired to provide machinery for keeping informed ay to
current diseases dangerous to the public health; physi-
cians are required to report cases of such diseases imme-
diately to the local health aunthorities having jurisdiction;
tenchers in schools must do the same; these records must
be promptly sent to the state authorities. There are varis
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 suaperted disesse,

8. Patient's name, age, sex, color, and addvess. (This is largely for
purposes of identification and location.)

4. Patient’s occupation. (This serves to show both the possible
origin of the disease and the probability that others have been or may
be exposed.)

5. 8chool attended by or place of employment of patient, (Serves
same purpose as the preceding )

6. Number of persons in the household, number of adults and num-
ber of children. {To indicate the nature of the household and the prob-
able danger of the spread of the disense.)

7. The physician’s opinion of the probable source of infection op
origin of the disease. (This gives important information and fre-
quently reveals unreported cases. It is of particular value in oceue
pational disenses,)

8. If the disease is amalipox, the type (wheither the mild or virulens
strain) and the number of times the patient has been successfully vaes
cinated, and the approximate dates. (This gives the vaccination status
and higtory,) )

. 9. If the disease is typhoid fever, scarlet fever, diphtheria, or seplic
sore throat, whether the patient bad been or whether any member of
the household i engaged in the production or handling of milk, (These
diseases being frequently spread through milk, this information is
importsnt, to indicate measures to prevent further spread.)
10. Address and signature of the physician making the report.

Notifiable diseases. — A list of notifiable diseases was
included in the model law of 1913, Obviously this cannot
be a permanent one, 1t is being continually revised chiefly
by addition. In many states influenza wes added to the
list during the epidemic of 1318. Under present conditions
the lists vary in different states but the following diseases
are ecommenly included.

Group T = Inpncrrovs Discases.

Actinomycosis, Cholera. Asintie (also cholers
Anterior poliomyelitis. nostras when Asiatic cholera
Anthrax. is present or its importation
Chicken-pox. threatened).
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Continued fever lasting seven
days.
Dengue.
Diphtheria. o
Dog-bite (requiring anti-rabic¢
"+ treatment). :
‘Diysentery:
(ag Amebie.
(b) Baeillary.
Encephalitia lethargica.
Favus.
Clerman meashes,
Glanders.
Hookworm disease,
Infuenzs.

M
Mengles, |
Meningitig:
{2) Epidemic eerobrospinal,
(&) Tuberculous.

Mumﬁm.
Ophthalmia neonatorum (con-
junctivitis of new-born infants).

Paratyphoid fevar.
Pellagra,

Plogue.

Preumonis (lobar).

Poléqmyelitm (ascute infectious).

ias.

Rocky Mountain spotted, or
tick, fever. :

Searlet fever.

Septie sore throat.

Smallpox.

Suppurative eonjunctivitis,

Tetanus.

Trachoma.

Trichinosis.

Tuberenlosia (all formy, the or-
gan or part affected in each
case to be specified),

Typhoid fever.

Typhus fever.

‘Whooping cough,

Yellow fever.

Group TL = Qcourarional Dmmages ane [NTUsIns

Arsenic poisoning.
Brass poigoning,
Carbon monoxide poisoning,
Lead poisoning.
Meroury poisoning.
Natural gas poisoning.
- Phosphorus poisoning.
Wood aleoho! poisoning,
Naphtha poisoning.

Bisulphide of carbon poisoning.

Dinitrohenzine poisoning,

Caisson disease (compressed-ajr
Hlness).

Any other disease or disability
contracted a3 a vesult of the
nature of the person’s employ-

ment.

Group JII - VeEnsarat Diggases,

Gonocaccus infection, Syphilis.
: Geoup IV.— Disessks or Ungvows ORiGin.
Pellagra, Cancer.

Incompleteness of morbidity statistics. - Complete ace
curacy in securing records of morbidity under any law is
impossible.  All of the cases existing are not seen by physi-
cians, of the cases seen not all are recognized or correctly
diagnoged, of those recognized not all are reported within
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the required time and some not at all. The chief error is
that of incompleteness. Conservative physicians wait until
gure of their diagnosiz before reporting. A vast number
of physicians are careless; 2 few deliberately shield their
patients from possible inconvenience by withholding re-
ports, More and more, however, physicians are coming
to realize that in dealing with communicable disenses they
bhave a public as well as a private duty. Death certificates
give a partial check on morbidity reports. The ratiog be«
tween statistics of sickness and death from reportable dis-
eases furnishes a measure of the incomploteness of the re-
ports, Trask has noted this difference beiween morbidity
and mortslity returns; death records are usually com-
plete but the cause of death often incorrectly diagnosed,
morhidity records are incomplete, but the diagnosis usu-
ally correct, This must be kept in wind in dealing with
fatality ratios.

One of the hopeful signs Jooking towards s better regis-
tration is the action taken by the Awerican Medical Asso-
cigtion in June, 1919. The Section on Preventive Med-
ieine 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-
ghip 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-reportable diseases. — It is much to
be regreticd that at the present time there iy no adeguate
way of getting the facls in regard to sickness in the com-
munity due to diseases which are non-reportable. Bick-
ness surveys are sometimes made, but they give only the
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facts at a given date, and are, moreover, very expensive to
make. Hospital records help a little, the examinations
made by the life insurance companies help a little, the re-
. cent examinations of men for the army have helped a good
deal, but some day & more universal method must be de-
vised.

Reporting venereal diseases. — For a number of years
. the matter of requiring physicians to repori cases of vene-
" venl disesses as disesses dangerous to the public health

has 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 ave
* pow required in many states. For social repsong it is un-
desirable to have the names of the vietitns reported, yet
under some conditions it is desirable and necessary in the
control of disease. The following system was adopted by

the Massachusetts State Department of Iealth in 1918 pa a
. War measure,

1. Gonorrheea and syphilis are declared diseases dan-
gerous to the publie health and shall be reported in the
manner provided by these regulations promulgated under
_ ‘the authority of chapter 670, Acts of 1913,

2. Gonorrheea and syphilis are to be reporied (in the
manner provided by these regulations) on and after Feb. 1,
1018,

8. ‘At the time of the first visit or consultation the physi-
cian shall furnish to each person examined or treated by
him & numbered circular of information and advice eon-
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 disesse.

Age.
Bex

Color.

Marital eondition and occupation of the patient.

Previous duration of disease and degree of infectiousness,

The report sholl not contain name or address of polient.

85, Whenever a person suffering from gonorrheea or
syphilia 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 Commonwealth., If not, the physician
shall give and explain to the patient the numbered circular
of advice, as provided in the previous regulation.

If the patient has consulied with or been treated by
another physician within the Commonwealth and has re~
ceived the numbered ecireular of advice, the physician last
consulted shall not report the case to the State Department
of Healtth, but shall ask the patient to give him the name
and address of the physician last previously treating said
patiend,

6. Tn case the person seeking treatment for gonorrheea
or syphilis gives the name and address of the physician last
previously consulted, the physician then being eonsulted
shall notify immediately by mail the physician last pre-
viously consulted of the patient’s change of medical ndviser.

7. Whenever any person suffering from gonorrheea or
syphilis in an infective stage shall fail to refurn 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 section, 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 reporting
the case by said serial number, if known,

8. Upon receipt of & report giving name and address of a
person suffering from gonorrheea or syphilis in an infective
stage, a8 provided in the previous section, the State Depart-
ment of Health will report name and address of the person
as » person suffering from a disease dangerous to the publie
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 divunlge the name of the physician making said
report.

Sickness surveys. — A new method of securing data in
regard to disease has been recently applied in an experi-
mental way in a number of cities, numely that of making a
house to houge canvas to determine the number of persons
ill at the time. The Metropolitan Life Insurance Com-
pany hag 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 ingurance company.

The data sheet used included the age, sex, and oceupa-
tion of each member of the family; and if sick the disease
or cause of disability, its duration and extent, .., whether
vonfined to bed, and the kind of treatment, .., by physi-
cian at home, hospital, or dispensary.

Burveys have been made for Rochester, N. Y., September,
1915; Trenton, N. J., October, 1915; North Carolina
(samople districts throughout the state), April, 1016; Bos-
ton, Mags., July, 1916; Chelsea neighborhood of New
York City, April, 1017; 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 patural limitations the data secured
ought to be of value and should furnish an excellent check
on the results obtained by registration of communicable
diseases,

Other methods of securing data. — It will not be pos-
gible 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. 8. 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 this will wonderfully 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 s0. 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 effece
tively enforced und 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,
Massachusette and New Jersey, and cerfain 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 {o year,
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TABLE 19
REGISTRATION AREA FOR DEATHS
Population. Land ares.
Year. -
Number. i %m"‘ of Bouare miles. Pa{omt 0‘

(1 ) 6} €3] &
1880 8,538,366 17.0 16,481 0.6
1890 19,650,440 31.4 O, 605 3.0
1900 30,765,618 40.5 212,621 7.1
1901 31,370,052 0.3 212,770 .2
2 32,020,815 40.4 212,762 7.3
3 32,701,088 40.4 212,762 7.2
4 383,345,168 40.4 212,744 7.2
b 34,052,201 40.4 212,744 7.2
6 41,983,410 48.9 , 006 20.3
7 43,016,990 49.2 603,161 20.3
8 46,759,913 2.5 725,117 24.4
9 50,870,618 56.1 765,788 25.7
1910 53,843,806 53.3 997,978 33.6
1 59,275,977 63.1 1,106,784 37.3.
13 A27, 63.2 1,106,777 37.2
13 03,298,718 65.1 1,147,039 38.6
14 65,089,206 66.8 1,228,644 41.3
15 67,336,902 7.1 1,228,704 41.3
14 71,621,632 70.2 1,307 810 44.0
17 75,308,588 2.7 1,349, 45.4
18 81,788,052 Yl 1,546,186 52.0
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TABLE 20
LIST OF STATES IN THY REGISTRATION AREA FOR
DEATHS
Yoar of Yoor of
. Entramce. State Enttanse. Blato.
L4H] {2) m 2)

1560 Magsachusoetts 1010 Minnesots
New Jerse Montuna
District of Columbia Utah

1880 Connecticut 1911 Kentucky
Delaware (dropped in Missouri
1900} 1913 Virginia
New Hampshire 1014 Kansas
New York 1916 North Carolina
Rhivode Ishand 8outh Caroling
Vermont 1917 Tennessee

1900 Maine 1918 Ilinois
Michigan Oregon
Indiana Loulsiana

1906 California 1919 Delaware
Colorado PFlorids
Maryland Mississippi
Pennsylvania 1920 Nebragka

1906 South Dakota (drop-
vecd in 1910)

1008 ashington
Wlsconsm

1900 Ohio

As a result of o test of the completeness of the registra-
tion of deaths in Hawail the territory was admitted to the
registration ares for deaths for 1917, thus extending be-
yond the Continental United States ithe area from which
the Bureaun of the Census annually collects and publishes
mortality statistics, The population and land area. of
Hawail are nof included in the figures of the above table.

The states in which the registration of deaths s still
too unsafisfactory to warrant inclusion in the registration
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area are: Alabama, Arizona, Arkansas, Georgia, Idaho,
Iowa, Nevads, New Mexico, North Dakota, Oklahoma,
South Dakota, Texas, West Virginia, and Wyoming,
(1920.)

United States registration area for births, — A regis-
tration ares for births was not established until 1915. For
this year the Bureau of the Census published its firgt annual
report of birth statistics based on registration records. The
birth statisties published in connection with the regular
decennisl reports from 1850 o 1900 inclusive were based
on snumerator’s returng,

The registration area in 1915 included only ten states —
Maine, New Hampshire, Vermont, Massachusetts, Rhode
Island, Connecticut, 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 inssmuch as
the standard birth certificate has 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 1918, Maryland was added. In 1917, Virginia,
North Caroling, Kentucky, Indiana, Ohio, Wisconsin,
‘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.



N
s
o

UNITED STATES REGISTRATION- AREA FOR BIRTHS

131

BqMIg 20§ wexy worpensdey —of “big

BN ZHOADYCI EVNTL L H3aNn st

VIS ROLAVELNOIE
HHHARHY Do RS

2261 vauy NOILYELSHIY Hiulg




132 ENUMERATION AND REGISTRATION

Need of national statistics. — More and more it becomes
obvions that there is need of a national systera 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 davgerous to the public health, The
U. 8. 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 Hesalth Reports. This is only a
part of what is needed. If the time ever comes when the
United States establishes a real National Health Depart-
ment the maintenance of an adequate system of vital records
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 certain that the models
already set up are the best that can be obtained. It is a
well-known fact that physicians are not always frank in
reporting the causes of death. Yor personal reasons or for
the protection of their clientg the true facts are sometimes
concealed. Professionsl secrecy, while it is not earried as
far in European countries, is vet a materia! 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,

Tn France tho methods followed are those of the Civil
Code of Napoleon, The statistics are kept in each com-
mune by the Buregu de 'Etat Civil. The cause of death
is usually based on the stafement 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, ete. There is no secrecy about this method, and
no legal obligation on the part of the physician; conse-
guently the French statistics are not as reliable as they ought
to be. In Belgium and Holland the system is much the
game u8 in France.

In England and Wales the registration system is much
* better, but is very inelagiic because the complete details of
procedure were incorporated in Aects of Parlisment which
cannot easily be changed. As an example of this inelag-
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
respongible for getting the statistics in their respective
distriets. The data in regard to deaths must be submitted
to the registrars by informants, who receive from the at.
© tending physician a statement as to the cause of death made
cut in accordance with prescribed forms. The logal periods
allowed for registering deaths are very long, but practically,
‘through the energy of the registration service, fairly prompt
Teports are reqeived.

The Swiss system has some decided advantages over those
of other BEuropean 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 desived statistical

* data are assured, the statistical facts are not associated in

the statistician’s office with the name of the decedent, and
the faots as to the cause of death are confidential between

-~ the physician and the government.

The death-certificate is a card (white for males, yellow
* Prom information furnished by Mr. Thomas J. Duffield,



184 . ENUMERATiON ANIY REGISTRATION

for females, and orange for still-births) which has 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 eause of
death, with primary and confributory 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)
pearest relative of the decemsed present in the locality;
second, the local civil authority; third, the physician in
charge or, in the absence of a physician, & medical examiner
‘appointed by the government; and fourth, the Central
Burean 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 eard to the local authority. The local au-
thority records the fact of the person’s denth, the date of
death, ete., places & number on Part I1 and sends the card
to the physician., The physician fills out Part IIT; de-
taches Part 1, 7.e., the name, and throws it away; puts the
eard 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 bas 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, Tt is possible, how-
ever, in cage of legal necessity to connect all the facts through
the local authority where the name and number are recorded
together,

This system at firat appears cumbersome, but really it is
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not. The larger cities send their cards to the Statistical
Buresn weekly; the smaller ones, monthly. The causes of
death are carcfully studied by a physician of the bureaw,
and if the physician’s records are not clear, follow-yp 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 this systern 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
elerical work to do. They receive no fee for their returns,
but 28 a recompense the weekly demographie and sanitary
bulletin is sent to them without charge. The system has
been used throughout Switzerland since January 1, 1601,

An objection to the plan is that the local health authority
is not kept in as close touch with epidemle coaditions as
in the United States, It would be possible to modify the
systemn 80 as to bring this about. .
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Statistics dependent on registration. — IL 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 poioting with pride to the long statistical
records of births and deaths in Furopean 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 ured in taking the VU, 8.
census of 1920, with those used in 1910, 1900, 1890, 1880, cte.
2. How do these methods compare with those used in England,
France, Sweden?

8. Would there be any sdvantage in wmaldng the census date, * as
of January first?”

4. What sdvantages would come from the adoption of s uniform
census date for the entive world?

B. How aceurately is the population of China known?

8. To what extent is the keeping of accurate census records and
records of vital statisties an index of national progress?

7. How can improvements be made in ascertaining the facts] 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 yeurs between two censuses, it
it necessary to depend upon estimates, - This is also the
case for the postcensal years, namely, the years following
the last census. These estimates are only approximately
true, a fact which must not be forgoiten, but they are
. mifficiently 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-snnually or quarterty, Mathe-
maticians call this geometrical progression. With a given
. constant rate of interest money in the bank increases more
and more each year. Tt is the same with population. In
geometrical progression the basis of our population estimates
is the annusal rafe 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 aceurate 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 simpler method is that of arithmetical progression,
which assumes a constant annual increment between two

139
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census years., 'The increage in ten years divided by ten gives
the annualincrease. This is practically the method by which
money increases by simple interegt. The arguments in favor
of this method of estimating populstion are that it is simple
and easily understood; that in view of the various disturb-
ing factors due to migration and other causes it gives resulis
practically as nesr the truth as those obtained by geometrical
progression; that the estimates for the whole area of a given
diztrict will be equal to the sum of the estimates for all the
parts of the district, which would not be the cage with the
geomnetrical method. The U. 8. Bureau of the Census has
adopted this method, and in the interest of uniformity all
cities and states should do the same. The method g one
which should not he extended far into the future. In vital
atatistics it is not necessary to extend it beyond ten years from
the last census, for ten years always brings another census.

Avother method is that of using local data as indices —
guch as the pumber of registered voters, the number of new
building permits, the number of schoal children, the number
of names in the directory, the bank clearings, the number of
passengers carried by the trolley cars, the number of deaths
from non-communicable diseases, ete.  These facts are often
obtainable for each year and serve as valuable checks on the
census methad, 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 ac-
cepted practice are made, however, 3 statement of the method
of making the estimates of the population should always
aceompany the result, Even the U, 8. Census utilizes local
dats 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 thi
‘method is useless,

One item in connection with the eatimation of the popula~
tiop of cities should not be lost sight of, namely, that of
changing boundaries. Cities often grow by extending their
‘ares. Increases of population from this csuse should not
be mistaken for natural increase in population.

~ Arithmetical increase. — Let us assume that the popu-
Iation of a place in 1900 was 70,000 and in 1910, 100,000.
The increase was, by the arithmetical method, 30,000 in ten
years, or 3000 in each year. TFor 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 times
3000 or 115,000, It is assumed that within the ten years
following the last census the anoual increase will be the same
a8 the average annual inerease between the last two censuses,
This s the simple and eustomary way of making the estimates,

It must be remembered that between these partieular
cemstses 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 o month and
a half or 9f vears (=9.875 vears). 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 118,100 for 1915, It will be seen that thia difference
" is not great. Nevertheless, it is a correction which in some
~eases is of iraportance, Whether it will have to be made
. after the next census will depend upon the date decided
cupon,  Strietly spesking, the populations of the census
+ years should be adjusted to the middle of the year before
. the average annual increments sre computed,

~ Adjustment of population o mid-year, —— The census of
- 1910 was “as of April 15th.” What then was the population
“on July 1si?
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On June 1, 1900, the population was 70,000. The av-
erage anbual 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 wag 100,000
-+ 2563 X 2% months or 100,683. The increase in ten years
was, therefore, 100,633 — 70,253 = 30,3580, or 3038 per year,
a3 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 mid-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 + -To— 118 5 X 184,414

or 2,704,767, This is the figure used by the U. 8. Ceusus in
the Mortality Report of that year,

Let us take a more recent example. On Apr. 15, 1910, the
population of New York State wag 9,113,614; on Jan. 1,
1920 it was 10,385,227, a gain of 1,271,613 in 116.5 months,
The estimated popula,tion for July 1, 1920, would be, there-
fore, 10,885,227 4 11‘6’”“;., X 1,271,613, or, by slide rule com-
putation, about 10,451,000, a figure near enough for the
computation of death-rateg.

Geometrical increase.— A simple rule for computing
populations by the geometries]l method is to ase the loga-
rithms of the populations concerned in the same way that
the populations are used in computing by the arithmetical
method. Let us assume, as before, that the population was
70,000 in 1800 and 100,000 in 1910. The logarithm of
100,000 is 5,0000, that of 70,000 is 4.8451. Instead of sub~
traeting 70,000 from 100,000 we subtract 48451 from 5.0000
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end get 0.1549, Instead of dividing 30,000 by 10 we divide
0.1549 by 10 and get 0.01549. Then wo 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 answer,
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 popwation in 1904,
in 1915 and in 19259

TABLE 21
 Arithomet, Geometrionl metbod,
(1 1] 13}
Population in 1910, .| 100,000 log of 100,000 = & 0000
v “OA900, 4 70,000 T 0,000 = 48451
Increase in 10 years-) 30,000 0.1549
Incrense inl year.-| 3,000 0.0165
Incresas in 4 years. .| 12,000 (.0620
Population in 1900, .1 70,000 4.84p1
o 1904, . 82,000 log of 80,760 = 4 9071
Increase in § yesrs..| 15,000 0.0775
Population in 1910. .| 100,000 : 5.0000
“ 1915, .1 118,000 log of 119,500 = 5.0775
Increase in 15 years.| 45,000 0.2825
Population in 1910, .} 100,000 5.0000
# 1925, .1 146,000 Yog of 170,800 -~ & 2525

1t will be noticed that for intercensal yesrs the arithmet-
ical meothod gives higher estimates than the geometrical,
but that for postcensal years the geometrieal results are
higher. This is ilustrated graphieslly by Fig. 31.
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Fra, 81, — Example of Arithmetical and Geometrical Methods
of Estimating Population.
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w;xﬂmula for geometrical increase. — The mathematical
tm-mula for geometrical incrense is

.;,gi P”=P (1+T)n

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 7 is the number of years.

~ Let us apply this to the case already considered. Here
we know the two populations P, and Py, 70,000 and 100,000,
and we know that n is 10 years; first we need to find r,
. the annual rate of increase. Accarding to algebra we may
rewrite the above formula, thus:

log P, — log P, = mlog (1 + r}.

Bubstituting the values of the logarithms of 100,000 and
70,000 and the value of n we have

5,0000 - 48451 = 10log (1 + ¥)
0.1548 = 10log (1 + )
0.01549 = Jog (1 4+ )

and from the tables of logarithms (1 + ) is found to be
1.036, bence r- = 1036 ~- 1 = 0.086, or 3.6 per cent. ‘There-
fore, the average annual rate of increase between 1900 and
1910 was 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 yeurs after 1910. Then we have:

Py = 100,000 (1 + 0.036)5,
log P, == log 100,000 4 15 log 1.036
= 50000 4 15 x 0,01549,
wg Py = 523235,
s Py =170,790 (according to the log. tables.)

By the use of this formula many interesting problems can
be solved. For example, how many yesrs would it take the
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population in our now familiar example to reach 200,000?
‘Wa know that the average rate of ineresse between 1000 and
1910 wag 3.6 per cent. Therelore, 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 = log 100,000 + = log 1.036,
5.30103 = 5.0000 4 n X 0.01549,
0.30103 = n X 0.01549,

_0.30103

n = m = 19.43 years,

Strictly speaking, we have no reason to use g year or even
a month as the basis of compounding, as the population i
inereasing from day to day and from hour to hour. A more
accurate formula may be found in books on caleulns,. 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 increnge in 97 years was 15,977,691 or,
134,833 per month, assuming the increase to have heen
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
ageertain that the population of the United States passed the
one hundred million mark at 4 o’clock on Apr. 3, 1915,
Such statements as this have a fascination for certain people,
but they are of idle moment, They merely serve to illustrate
the methed of computation by the arithmetical 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
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15,977,691
75,994,575
We may divide this by 10 and say the annual tnerement 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 connecs
tion. As a matter of fact, if the rate of increase in 10 years
was 21 per cent, the average annual rate would not be 2.1
per cent. If in the formula for geometrical increase ‘we let
B, = 100 and P, = 121, which would represent an increspe
of 21 per cent in 10 years, then

log 121 — log 100 = 10log (1 4 #),
2.08278 — 2.00000 = J0log (1 + ),

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

This assumes that, ag 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 incresse is sometimes made in using
the geometrical method of estimating increase, Obviously
with comupound interest a lower rate suffices to produce a
given increase in 10 years than with simple interest. The
proper way to find the annual rate is by the use of the
formuls,

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

Decreasing rate of growth. — It seems to be generally
true that as citigs 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 .
indieated.

years), the increase amounts to or 21 per cent.
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TABLE 22
DECREASING RATE OF GROWTH OF CITIES

of Anoual pereent.
Population sge Tacrease,

—
-
—

@

100,000 4.85
200,000 3.59
300,000 2.91
400,000 2.48
500,000 2.02
600,000 1.75
700,000 1.66
800,000 1.58

This seems to be s0 generally true that it may be put
down as a Jaw that ag cities become larger their annual
percentage rates of growth fall off. At the same time this
may he accompanied by an increasing annual increment of
population,

Difference between estimate and fact. — In estimating
the population either by the arithmetical or geometrien]
method we are aspuming something which is almost never
true, t.e., that the population i3 increaging regulorly. As a
matter of fact the increase is not regular from year to year.
Therefore, any estimabte may be erroneous. In the absence
of the f{acts, however, we are compelled to resort to the
method of estitation.  Also when we assume that the growth
in the present decade iz the same as in the last decade we
sssume a uniformity of conditions which seldom obtains.
Let us check a few of our estimates by actual census
returng,

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 118,744. The census of
1910 was, however, only 104,839,

In"Detroit, Michigan, the poepulation in 1890 was 205,876
in 1900 it was 287,704, the increase being 79,828. If thia
inerement continued regularly the population in 1910 would
have been 365,532; sotually it wes 465,766, This of course
is an extreme case. In most cities the estimates agree falrly
well with the facts.

Let us take the case of a larger population, say that of 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
80,041,436 by arithmetrical, or 91,723,000 by geometrieal
increuse, Actually the population in 1910 was 91,972,266,

* For large populations like this the geometrical method gives
cloger results. The Great War upset population estimates
to 2 great extent. In the United States the results of the
lagt 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 census
interval wag about three per cent less than ten yenrs seems
sufficient to account for the smaller growth in most places.

Revised egtimates. — Suppose, however, that as in
Cannbridge, 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 ss 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 reéstimsted 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
* Year. Ceneum, e ey R oo et
48] 2} @) [CY]
1890 70,028
1900 b1,886
1 04,072 93,181
2 06,258 04,476
3 08,444 5,771
4 100,630 97,068
5 102, 816 98,361
) 05.[!)2 99,656
7 107,188 100,854
8 109 374 102,246
9 111,560 163,541
10 104,839

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

Tt would be sound practice to revise all rates based on
posteensal 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 aceu-~
rately kept it would be possible to nse them in estimating
population, but emigration and immigration enter as dis-
turbing factors. Two examples of this method will illustrate
the way in which this method works out.

In England and Wales the data were as follows:
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Population 0 1891, .., ... ii e es, 26,000,000
Births, 18010 1901, ., ..oouriianannnunnyan, 9,160,000
88,160,000
Deaths, 1801 60 1900, ... . oooviiiiviiviineny 5,560,000
Computed population in 1901, . ............... 32,600,000
Census gave, for the year 1900, ............... §2,530.000
Difference representing excess of emigration over
immigration. ... ..o Creerana 70,000

* Tn Massachusetts the population for 1910 computed in
g way was 3,002,349, but the census gave 3,366,416, an
g of 274,067, which represented in part the excess of
Hmmigration over emigration and in part, no doubt, incom-
Wlete registration of births. In 1920, the excess was only
ghalf as much as in 1910, due, no doubt to a lower immigration.
i Immigration. — The irregular effect of immigration in
'f."e United States may be inferred from Fig. 32, which
u ows the immigration by years from 1820 to 1920. Imi-
tion has oceurred in a series of waves, resulting from the
;elanve economic conditions in this country and abroad.
When this incoming population has been concentrated in
manufacturing cities, as bas periodically been the case, it has
been followed by an inecreased prevalence of disease. The
subject is, therefore, an important one for sanitarians to
consider.
The dota for immigration are published in the annual
reports of the U. 8. Commissioner General of Immigration.
Accuracy of state censuses, -— The U. 8. Burean of the
‘Census does not recognize as generally aceeptable 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 census in
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- 1910 was made by the same state authority, namely th

Director of the Massachusetts Buresu of Statigtics, whie
has made the state census, and one census was presumably a
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1,200,000
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1. 82, — Immigration to the United Siates: 1820-1920, (From
report of Commissioner of Immigration.)

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 resulis
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ﬁ' the federal censuses for Massachusetts are plotted the

ints fall on quite & smooth and regular curve from 1820 to
1020, the only important departure being during the decade
of the Civil War. The figures for the state censuses do not
all fall on this tine, but rise and fall irregularly. This is
presumptive, though not conclugive, proof of the i umccura.cy
of some of the figures (Fig. 33).

The Massachusetts state census was taken on May 1
from 1855 0 1905, inclusive; in 1915 it was taken on April 1,

The question often comes up for decigion, shall the state
gensuses be used in estimating populations for the years in the
last half of each decade? For the sake of uniformity it is
best, t0 use the federal figures only unless the Buresu of the
Census maintaing some supervision over the state census,
in which case they should be given full weight. The state
figures should be used, in any ¢ase, as a check on the esti-
mates based on the federal results. Should glaring differ-
snces be noticed their cause should be investigated. If
state figures are used this fact should be stated in connection
with the estimate.
1 Urban and rura] population. — It is common to classify
“e populatmn of a country into “urban” and “rural,”
is done for purposes of discussion, the idea bemg to
pparate the people living in sparsely settled regions and
imall villages from those living in cities, on the theory that
H:e former lead a more individualistic life, while the latter

a more communsl life. In cities for example, water

!Ipplles sewerage systems, food supplies, methods of trans-
bortation and various public utilities are sed in common by
B, while in the country each household has its own well, its
B garden, its own cesspool, its own means of transporta-
Bn. Thus urban and rural populations are supposed to
e and work under different conditions,
#Obviously the separation of the two classes must be an




154 POPULATION

arbitrary one. In the United States prior to the Census of
1880 the limit of 8000 inhabitants was used. In 1880 it
became recogmized that many communities of less than 8000
inbabitants possessed ‘ the distinctive features of urban
life,” and aceordingly the limit was dropped to 4000, althongh
the old limit was used in many of the tabulations of the

4,000,
/
3,000,000 . 4
¥ N ) //
g
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Y onrs

Fra. 33.— Population of Massachusetts aceording to Federal and
State Censuses, (The effoct of the Civil War should be noticed.)

eensus of that year, and also of the years 1890 and 1900. In
1900 some comparisons of the two Ymits 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 37.8 per cent, on the basis of the 4000
limit,

In 1910 the limit was reduced hy the Census Bureau to
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The reason for this probably lay in the extension of

warious public utilities, once existing oply in the cities of
Jarger size, to the swaller communities. In 1910, 46.3 per
oant of the population were classed as urban on the basis of
the 2500 limit, but onty 88.8 were in cities larger than 8000.
Jn 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 eareful in drawing conclusions from * yurban
and rural statistics.” In the first place, of necessity they
relate to civil divisions, * Outside of New England,” says
the Cepsus 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 certain con-
ditions of population are fulfilled, so that & city may contain
& considerable proportion of rural population, and, con-
versely, s town may contain a compact body of population of
magnitude sufficient to be classed as urban.” Yvidently then,
rural population does not necessarily mean people living in
isolation, as on a farm. Almost every incorporated town or
borough has some center, and here people may live under
ecommunal 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
sawers and public water supplies.

Attempts have been made by various writers to make a
Jriple separation of the population into © rurat,”  village,”
and “urban,” using populations of 1000 and 4000 as de-
markations, These add but little to the value of the statis-
ties and usually it is best to follow the practice of the Bureau
of the Census. Populations of 3000 and 5000 have also been
used as limits between rural and urban. Whatever Hinits
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are used the possible fallacies inherent in an arbitrary classi.
fication should be kept in mind.

In comparing conditions a8 shown by censuses ten years
apart there is always likely to be some confusion caused by
communities which have populations 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 terrifory is classified according to the conditions as they -
existed of each census; but in order to contrast between the
rate of growth of urban and rural communities it is hecessary
to consider the changes of population for the same terrifory,
which have occurred between censuses, and the places in-
cluded in the urban class are those which have populaiions
above the limit at the last census, even though they were
below the limit at the time of the previous census.

Bince about 1820 the urban population of the country has
been rapidly inereasing, the rural populstion beeoming
relatively less. This ia well shown by the following figures:
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TABLE 24
TOTAL AND URBAN POPULATION AT EACH CENSUS:
1790-1920
(¥rom U. 8. Cengus, 1020, Vol. 1, p. 43.)

Per cont of

Contm . » | Numbecofj wurbanof

yoar. Total population. Urlran mulgtwn. places. total papu-
- Intion,

(1) (2) i) (4) (5

1790 3,920,214 131,472 L] 3.3
1800 5,308,483 210,878 6 4.0
1810 7,239,881 456,020 11 4.9
1820 " 9,638,453 475,135 13 4.9
1830 12,866,020 864, 26 6.7
1840 17,069,453 1,458,004 4 8.5
1850 23,191,878 2,897,586 85 12.5
860 31,443,321 5,072,256 141 16.1
1870 88,568,371 8,071,875 226 20,9
1880 50,155,783 11,365,608 285 2.7
1800 62,947,714 18,244 230 445 29.0
1900 75,904,575 25,018,335 547 32.9
4910 a1,972, 35,570,834 768 a8.7
1920 165,710,620 46,307,640 924 48.8

* Population. of places of 3000 or o st sach sensus,

This s also shown by the increase in the number of large
cities since 1864).

TABLE 25

TABLE SHOWING THE INCREASE IN NUMBER OF LARGE
CITIES IN THE UNITED STATES BETWEEN 1860 AND 1910

Nufnber_ of]
;‘W"“;&‘;ﬁ; 1860, 187, 1m0, | e, | wooo. | w0, 1em.
shove
) @ ® @ ® | ®wm | m | ®
25,000 42 50 e 125 | 161 | 220 | 287
0,000 15 24 35 58 0] 100 144
100,000 8 13 20 28 38 50 68
500,000 2 2 4 4 6 3 12
1,000,000 0 0 1 3 3 3
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Density of population, — By the density of population
we usually mean the number of persons dwelling upon a unit
ares 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 varistions of density within
the area under consideration are tacitly assumed. On' the
catchment arvea 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 catchment areas of many German streams, where the
water is filtered before being used the population per square
mile is often 500 or 800. Thus the average density ex-
pressed in this way is a valnable means of comparing the
relative liability of the water to be contaminated, even
though both in Germany and on the Croton catchment ares
the population consists of villages and farms irregularly
scattered.

The average density of the population of the United
States is steadily inereasing. 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 5066.4 per square mile, Massachusetls came
next with 479.2, then New Jersey with 420.0; Connecticut,
286.4; New York, 217.9; Pennsylvania, 194.5; Maryland,
1456.8; Ohio, 141.4; Mlinois, 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 population of the United States by counties
in 1910 is shown in Fig. 34. The census of 1820 showed only
slight changes.

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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of caloulating 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
usually increases with their population. In the congested
portions of cities the density may be several hundred per
acre, sometimes over s thousand. Fig. 35 shows the den-
sities of population in the different wardg of Boston and
Cambridge in the year 1910,

200 - 200

g150 l_L 15¢
E‘IOO & i 100
é; l Cambridge l_‘-l'

5 Tjag_oston 50
l-Median A""Mr Lan ]_T"[_
0 11N " h“‘t o
0 100,000 200,000 300,000 400,000 500,000 600,000

Population
Fra. 33, — Density of Population by Wards in Boston and Came
bridge, Masa.: 1910.

There are two ways in which the density of population
of a city may be computed. The first and ruost com-
mon way is to divide the population by the area in acres.
This gives the average density per acre, In Buston, for
example, in 1910 the population was 670,585, the acreage,
27,674, and the number of persons on the aversge acre was
23.2, But if we place the people in array in accordance
with the dengity of population of the ward where they reside
we find that the median person lives where the density is
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about 50 per acre and that 10 per cent of the population live
where the dengity is 125 per acre, § per cent where it is 150.
In Cambridge, Mass., the average density per acre is 25.1, or
. practically 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 live where 1t 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 ss 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 congidering the crowded condition of the people it
is the median density based on population which is needed,
snd the proportion of people living under conditions of
different congestion. We need also to consider areas as
amall ag 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. 8. Bureau of the
~ Census.
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TABLE 26
POPULATION OF UNITED STATES CITIES HAVING, IN

1920, 25,000 INHABITANTS OR MORE

. 1900, 1010, 1020,
(1 (2} (8) )
labama
Birmingham............... 38,415 132,685 178,270
Mobile.................... 38,460 51,521 \
Montgomery . .......cuv..s 380,346 , 136 ,
Arizona
Phoenix. ...ooweronsansunas 5544 11,134 29,053
Arkansas
Fort Smith................ 11,587 23,975 28,811
Lattle Rock. . .ovuevnnn.. , 307 45,941 A
Coliformi
ameda.................. 16,464 23,388 28,806
Berkeley.....ovvevneennnn. 13,214 40,434 55,386
L2111 P 12,470 24,802 44,618
LongBeach............... 2,252 17,809 . 56,508
Log Angeles............... 102,470 319,108 578,673
Oakland.,................. 060 150,174 216,361
Pasadens. . ...ooooianvn s 9,117 30,201 45,
Bacramento............... 29,282 44,696 66,8587
an Diego,................ 17,700 39,578 74,683
Ban Franeiseo............. 342,782 416,912 508,410
SanJosé, . ..o.vvi 21,500 28,946 39,604
Stockton.. ................ 17,606 , 258 206
Colorado
Colorsdo Springs. ......... 21,085 29,078 30,106
Denver......... Venreenanen 350 213,381 256,
Pueblo......ovevivennoons 28,157 44,395 42,908
Conmecticut ,
Bridgeport. ............. .. 70,906 102,064 143,538
Hoartford. . ................ 79,850 o8,M5 138,096
Meriden (town), .......... , 605 32,066 34,730
Meriden (eity}............ 24,296 27,205 20,842
New Britain,. ............. X 43,916 59,316
Now Haven............... 108,027 8 162,519
New London. ............. 17,548 19,659 25,688
Norwalk ... ......... 6,125 6,004 27,743
Norwich (town)........... 4,687 28,219 20,686
Stamford (town).......... 18,839 28,836 40,057
Stamford (city)........... 15,997 25,138 35,086
Waterbury................ 45,859 73,141 01,410
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TABLE 26

POPULATION QF UNITED STATES CITIES EHAVING, IN
1920, 25,000 INHABITANTS OR MORE — (Continued)

1906, 1919 1920
1) @) @) @)
Delawore
Wilmington. .............. 76,508 87,411 110,168
Drstrict o C’olumbaa
ashington............... 278,718 831,089 437,571
Jacksonville........ ... .. 28,429 57,699 01,558
T, e 1,681 AT 29,549
Pensseols, .....oovoournn.. 17,747 082 31,035
TamP .. e, 15,839 37,782 51,252
Georgio
Atlants. . ..ovniinin. 89,872 154,839 200,616
Augusta, ... 39,441 41,040 52,548
Columbus................. 17,614 20,664 31,1258
BCODE. v vvennrenvmnnrnnns 23, $rp ,605 3
Savannah, . ............... . 65,064 83,262
Ihinods
AUrara........ooeeovunoen. 24,147 29,807 36,307
Bloomington.............. 23,280 25,768 28,726
Chicago.............o0.. .. 1,608 676 | 2,185,288 | 2,701,705
Cmero {town) ............. 186, 14,557 44,995
Daaville. .. ..o, 16,254 27871 33,750
Deatur, ooovivnrvivnnn... 20,784 31,140 43,818
Bagt 8t. Louis............. 29,655 58,547 46,740
(1 D 22,433 25,976 ,
Evanston. ................ 19,259 24,978 37,216
Joliet. .................... 29,358 34,670 38,400
Moline.................... 17,248 199 30,709
Oak Park Village,. .......] ...... 19,444 39,830
Pecria..................... 56,100 66,950 76,121
ulbey. ... ..o 36,252 36,587 36,078
Rock Ieland 19,493 24,335 35,177
Rockford, ... ........ 31,051 45,401 65,661
Springfield 34,159 51,678 59,188
Indsana
Andersoen............ 20,178 22,476 29,767
Eagt Chicago. . . 3,411 16,098 35,967
EBvaosville......... 50,077 69,047 A
Fort Wayne. . ... .. 45,115 (3,933 6,549
ArY . e 16,802 55,378
Hammond................. 12,316 , 925 X




164 POPULATION

TABLE 26

POPULATION OF UNITED STATES CITIES HAVING, IN
1920, 35,000 INHABITANTS OR MORE — (Continued)

1000 1910, 1020,
{H (2) 3] (4)
Indiana — (Continued)
Indianapolis............... 169,164 233,650 314,194
Kokomo, ........ocovvunn.. 10,609 17,010 087
Muncie.....v.covuerrnrenrs 20,942 24 005 36,524
Richmond........oc0vvnee. 18,226 22,324 26,765
South Bead............... 35,009 53,684 70,083
I Terre Haute............... 36,673 58,157 46,083
owq
Cedar Rapida...vo.onue.. 25,856 32,811 45,560
Clinton...........coveevnns 22,608 5,517 24,154
Council Bluffs..,.......... 25,802 20,202 36,162
Davenport. . .. ... SRR 35,254 43,028 56.727
Des Moines. ... .......... 62,189 86,368 126,488
Dubucue. ooovweenvnennn. 36,207 38,494 39,141
Biowx City................. 33,111 47 808 71,297
Waterloo. .., ... avrinnn. 12,580 26,603 36,230
Kansas
Kansas City......co0vunnnn 51,418 82 331 101,177
Topeka. ..., ..ccveerene-. 33,608 43,684 50,092
Withita, .. vevrvirenrivnes 24,671 52,450 V2,128
Kentucky
Covington.,,....uvvuni... . 42,088 53,270 57,131
Lexington. ... .. emmranan. 26,360 85,090 41,534
Louisville.....oovvv oo, 204,731 223,028 234,201
Newporb, . .o.oovivirivuias 28,301 80,300 20,817
Lowisiana
New Orleans. .....ovvvusn. 287,104 339,075 387,219
Shreveport.. ... e 16,013 28,015 43,874
Maine
Bangor......... frmeeaanaes 21,850 24,803 25,978
Lewiston....... errre e 23,761 26,247 31,701
Portland.........ovvunenn. 50,145 58,571 60,272
Maryland
Baltimare. . ............... 508,957 568,485 733,828
Comberland............... 17198 21,539 20,837
Hagerstown............... 13,591 16,5807 28,006
Maszachusetls
BoBton,,..........oo0neenn. 560,892 670,585 748,060
Brockton.................. 40,063 56,878 66,138
Brookline (town).......... 19,985 20,792 87,748
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TABLE 26

POPULATION OF URITED STATES CITIES HAVING, IN
1820, 26,000 INHABITANTS OR MORE — (Continued)

1900, 10, 1920,
{1 2) @) (4)
Massachusetts — (Continued)

Cambridge................ 01,886 104,839 109,604
Chelsea....... e 34,072 462 43,184
Chicopee.................. 19,167 25,401 36,214
Everett................... 24,336 33,484 40,120
Fall River................. 104,863 119,205 120,485
Fitohburg, ...t 31,531 37,826 41,013
Haverhill, . ............... 37,175 44,115 884
Holyoke................... 45,712 §7,730 60,203
Lawrence, . ..oovv ool e 62,5569 85,8049 094,270
Lowell, . ........ e 94,969 , 204 112,759
) 11 { VU 88,613 ,336 99,148
Malden, .........o.oov. ... 33,664 40,404 40,108

Medford................... 18,244 23,160 X
New Bedford. . ............ 42,442 06,852 121,217
(34 7o) « P 33,587 39,806 46,054
Pittefield,,................ 21,766 32,121 41,751
QUiteY. . veiriennnn 23,809 2,840 47,876
Revere...........ooooion 10,305 18219 28,823
Salem, .. ... 35,056 43,607 42,520
Bomerville. . 81,643 77,236 93,001
Springfield. 62,059 88,096 129,563
aunton. . . 31,036 , 259 37,137
Waltham 23,481 27,834 30,916
Worcester 118,421 145,086 179,754

ichigon

Battle Creek.............. 18,563 25,267 36,164

Bay City...ooviviininenn., 27,628 45,166 47,
Detroit.................... L 104 465,766 003,739
Flint... .. ..o 4 13,103 38,650 91,599
Crand Rapids. ............ 87,565 112,671 137,634
‘Hamtramck Village..,.....| ...... 3,659 48,615
Haﬁ?land Park.. ... ..... 497 4,120 46,400
Jackson.. ... ... ..., ... .. 25,180 31,433 , 374
Kalamazoo................ 24,404 39,437 48,8568
Lansing). ... ..., 16,485 31,229 57,327
Muskegon.............., 20,818 , 36,570
Pontiae. .. ................ 9,769 14,532 34,273
Port Huron,, ... .......... 19,158 18,863 25,944
BinawW... . 432, 50,510 61,903
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TABLE 28

POPULATION OF UNITED STATES CITIES HAVING, IN
1920, 25,000 INHABITANTS OR MORE -- -(Contmued)

1600, 1910, 1920,
) @ ) CY]
Minnesota
Duluth,................... 52,069 78,466 98,017
i i . 301,408 )
214,744 234,505
. , 32,073 20,855
Kansa.s City. . 248,381 324,410
St. Joseph. . 77,403 77,939
. 687,029 772,807
35,201 30,631
39,165 41,611
cres 43,973 54,934
1 102,655 124,096 191,801
South Omaha. ............ 26,001 26,259 | ........
HMHew Hampshire
Manchester............... 56,987 70,063 78,354
Nashug. . ................. 23,398 26,005 28,379
Tew Jersey
CAtlantie Ciky.. .. ... 27,838 46,150 50,682
Bayonme.................. 32,722 55,545 76,754
Camden........ooouviein. 75,935 04,538 116,300
Clifton.........ovvvv oo 5,851 11,869 26,470
Eaat Orange............... 21,506 34,371 50,710
Elizabeth. . .,..._....._ ... 52,130 73,409 95,682
Hoboken.................. 50,364 70,324 68,166
Irvington (town) ....... ., 5,255 11,877 25 480
Jorsey Cigy ............... 200,433 267,719 297,864
Kearny.. .. ............... 10,896 18,659 26,724
Montelair............... .. 13,962 21,850 28,810
ew Brunswick. .......... 20,006 23,388 32,779
Newark................... 246,070 347,469 414,216
Qrange................. ... 24,141 29,830 33,268
Pagaale. ... ... WTT 54,773 63,824
Paterson......... ... ... 105,171 135,600 135,566
Perth Amboy. RPN 17,699 32,121 41,707
Plamﬁeld o 18369 20,550 97,700
................... 73,307 96,815 119,280
West Hobokan {town). .... 23,004 35,408 )
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TABLE 26

POPULATION OF UNITED STATES CITIES HAVING, IN
1920, 26,000 INHABITANTS OR MORE ~ (Continued)

1900, 1900, 1920,
(%) &) 3] {4)
New Jeragy — (Continued)
Weat New York (town}.... 5,267 13,560 20,926
New York
bany........cooiienl.. 100,253 113,344
Amaterdan 31,267 624
Avburn. . ... 34,068 36,192
Binghamton . 48,443 66,800
Buffalo........co0vvenuy 423,715 506,776
Bhmira. .. cocoivriicnnnenns 87,176 45,805
Jamestown 31,297 38,017
Kingston 24,535 508 26,685
Mount Vernont. . .......... 21,288 30,919 42,726
Now Bochelle............. 14,720 28,867 86,213
Now York................. 3,437,202 | 4,706,888 | 5,621,151
Manhattan Borough..... 1,850,093 2,331,542 , 284,103
Bronx Borough. .......,. 200, 480, 782,016
Brooklys Borough.......| 1,166,582 | 1,634,351 2,022,202
ueens Borough.. . ...... 152,999 4,041 466,811
ithmond Borough. .. ... 67,021 85,969 115,959
Newburgh........ RN 24,043 27,806 311,366
Wiagaras Falls,...o......... 19,457 30,445 50,760
Poughkeepaie .............. 24,029 27,936 85,000
Rochester................. 162,808 218,149 205,750
Rome, ., .oooviivvannns 15,5343 20,497 26,341
Scheneotady............... 31,082 72,820 , 723
Byracuse................., 108,374 137,249 171,717
T S . 60,851 76,813 72,013
Ubiese .o ciinr 56,383 74,419 150
Watertown. ...... ........ 21,696 730 31,285
Yonkers................... 47,031 70,803 100,226
North Caroling
Ashville................... 14,694 18,762 28,504
Charlotte. ................ 18,091 34,014 46,338
Wilmington............... 20,976 25,748 33,372
Winston-Salem. ........... 13,650 22,700 48,3095
i)
Akron.,. ...l 42,728 69,087 208,435
Canton............co.ue.e 30,607 50,217 87,001
Cineinnati, ............0 .y 002 363,501 401,247
Cleveland........ e 381,768 &6, 708,836
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’ TABLE 26
POPULATION OF UNITED STATES CITIES HAVING, IN
1020, 25,000 INHABITARTS OR MORE — (Condinaued)
1900. 1910, 1920.
&) @ @®) @
Ohip— (Continued)
Columbus. . ............... 125,560 181,511 237,081
Dayton. ..o v 85,383 118,677 152,559
Eagt Cleveland............ 2,787 9,179 202
Hamilton.................. 23,914 356,279 39,675
Lakewood................. 3,360 15,181 41,782
Badns, .oor v 21,7238 30,508 11,306
Lorain...........coinnn 16,028 28,883 27,205
Mansfield, ,......oovvunn. 17,640 20,768 27,824
% 1) T 11,362 18,232 27,801
Newark. ... .c.ovevaivin-n 18,157 404 26,718
Portemouth. . ............. 17,870 23,481 33,011
Springfield. ............... 38,253 46,921 60,
Steubenville............... 14,349 22,301 28,
Toledo. .....cooevviinn. i31, 822 168,407 243,100
Warren,........oiai o R ,081 27,050
Youngstown........... ... 44 885 76,066 132,358
Zanesville, . ........ov. ., 23,538 28,026 29, 560
Oklahoma
Muskogee. . . ...vovvvrnrrnnn 4,254 25,278 30,277
Oklahome City......... . 10 037 64,205 91,258
Tuldf, oo 1,390 18 182 72 075
egon
Portland. ............ ..., 90,426 207,214 258,288
Pennsylvanio
Allenfown. .. ...oooovvinn.n 35,416 51,913 73,502
ATLOONA. oo ovvrr e 38,973 52,127 60,331
Bethlehem................ 10,768 12,837 50,858
Chegter.....oovcnvinurnin.s 33,988 38,537 58,030
Fagton,...oooovviiinnein 25,238 28,523 33 &13
Erie......cocoiiiii .. 52,733 66,525 93 372
Harrisborg. . ..., 5,167 64,186 75, 917
Huzleton. . .............. .. 14,230 25,452 32 207
Johnatowtl............0.n. . 35,986 56,482 87, 897
Lancaster. ..............-- 41,459 47,227 53 150
MceKeesport,.......ouns 34,227 42,604 4a,975
Newoeastle................. 28,339 36,280 44,938
Norrigtown (bm'ough) ..... 27,876 32 319
Philadelphia. .. AN I B 293 697 1,549,008 1, 823 138
Pitteburgh, ... 0. 1, 512 533,905 588 198
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TABLE 26

POPULATION OF UNITED STATES CITIES HAVING, IN
1920, 26,000 INHABITANTS OR MORE — (Continued)

1960, 1910, 1920,
[1}] 44} @) )
Pennsylvania— (Continued)
ading............... ..., 78,961 96,071 107,784
Beranton,................. 102,026 120,867 137,783
Shenandoah (borough).. ... 20,321 174 2,
Wilkes-Barre.............. 81,721 67,105 73,883
Williameport. ... .......... 28,757 3, 36,198
ok e 38,708 44,750 47,512
Rhode Island
Cranston....covveeuenay... 13,343 21,707 29,407
Newport. ................. 441 27,149 30,265
Pawtucket. ... ..... P 30,231 81,622 64,245
Providence................ 175,597 224,326 237,595
Warwick (town).......,... 21,316 26,820 13,481
Weat Warwick.............] ...... | ...... 15,461
Woonsocket, . ......c.ou... 28,204 38,125 43,406
South Caroling
Charleston. ............... 55,807 55,833 67,987
Columbia................. 21,108 26,310 824
South Dakota
Bioux Falls, .......,...., .. 10,266 14,004 25,176
Tennessee
Chattanooga. ............. 30,154 44,604 57,805
Knoxville................. 32,687 86,346 77,818
Memphig. .........vvooi., 102,320 131,105 162,351
Naghvills. . ,.............. , 865 110,364 118,842
Pexras
Austin,.....co.coa0a . 22 258 29,860 34,876
Beaumont................. 0,427 , 40,422
IS, 42,638 92,104 168,976
ElPaso................... 15,906 39,279 543
Fort Worth................ 26,688 73,312 106,482
Galveston.,............... 37,789 86,981 ,
Houston................... 44,633 78,800 138,076
San Antonio........ e 53,321 06,614 161,379
PRGO. vt s 20,686 26,425 38,500
Wichite Falls.............. 2,480 2 40,079
Utah
Ogden, . . .. P 16,313 25,580 32,804
Balt Iake City............ 53,681 92,777 118,110
Virginia
Lynchbwrg. ............... 18,891 20,494

29,966
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TABLE 26

POPULATION OF UNITED STATES CITIES HAVING, IN
1620, 25,000 INHABITANTS OR MORE - (Conel uded)

1900. 1910, 19200,
%)) 2 @ (4
Virginia ~ (Continved)
ewport News_ .. __._..... 19,635 20,205 506
Norolk......cooooooonius 46 624 67,452 115,777
Petersburg. .. .convvnvnn 21 810 24,127 31,002
Portsmouth. . ... Crivaaas N 17,42? 33,190 4,387
Richmond.,,.............. 85,050 127,628 171,667
Roanoke..,.,.....c..vcuu. 21,495 34,874 50,342
Washington
Belbingham................ 11,062 24,208 25,570
Everett................... 7,838 24,814 044
Beattle. .. oooveviiiiina., 80,671 237,14 315,652
%)okane. redere ey 36,818 104,402 104,437
11450 1Y Y 37,714 83,743 96,965
West Virginia
Charleston, ...oo.vvivni o 11,000 22,906 39,608
Cl&rksburg ................ 4,050 9,201 27,864
Huntington............... 11,923 31,161 ,177
Wheeling. . .. .. i 38,878 11,641 54,322
Wisconsin
Gireen Bay................ 18,684 25,236 a oz
Kenosha ...,........, P 11,606 21,371 40,472
TaCrosse,.......oooovevnis 28,805 30,417 30,363
Madison, .vveeiniini e 19,164 26,631 38,378
Milwaukee................ 285,315 373,857 457, 141,
Oshkosh. ... ooveeeeen ... 28, 33,062 33,162
RACIDE. . cveinnnianns, 29,102 002 ,503)
Sheboygan................ 062 26,308 30,956
Superior..... e 31,061 40,384 29, 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, B, Census, 1920,
Vol. I, p. 62.

In 1920, New York City had a population of 5,620,048,
the adjacent territory, 2,200,367, or 41 per cent of the city's
population. During the lagt 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 fairly 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 VIEY.

In many demographic studies it is necessary to take into
account age, sex, and nationality as primary factors; and at
times also such matters as marital condition, school attend-
ance, illiteracy, ownership of homes, oceupation, 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
Bfty years. This is well illustrated by Fig. 36. In 1850
about three-quarters of the people 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 HAVING, IN 19ao,
) POPU-
1Y

1920 1910 1000 1390 1880
1| New York, M. Y. .oon.. | BAD048 | 6708,858 1 3,487,200 | 2,807,434 | 1,911,698
3 %:nhabmnbmuzh .2%,5;13 2,881,642 | 1,850,008 liﬂl.ggg 1,12{33;3
: Brooklyn borotigl: szs 356 | 1,634,351 | 1,766,082 | mas’sg® | soplans
& ueens horough .. .. . 0,042 1 284,041 152.999 87,050 58,560
6] B d borough. .. ..... ue.bzu 86,989 | 670201 SLE08[  ps0l
7 | Chisago, ... ,. ... R 2,701,705 | 2,185,258 | 1,808,575 | 1,000,850 | 503,185
8 | Philadel hu-x,?a. ............ 1,823,779 | 1,549,008 X 048, 170
9 | Detmit, o] Comaere | es.7es | assioe a7 | neao
10 | Clarelend Ohio S| Toemar | seosss | nsl7eR | 261353 | 180,146
11 [ Bt Louls, Mo.......... e 772,80 | 687,020 | s7Emes | 4bXT0 | 2s0isi8
12 | Boston, Mass.? 748,080 | 470,585 ,802 | 448,477 449,839
15 | Baitimore, Md 723,806 | S6B.485 | soR0AT | 4maad0 | 282ar

14 | Pittsburgh, Pn 343 X 451,812 | 345904 ,
15 | Low .ouix. 5re873 | a19u98 | 100470 | 50398 11,183
16 | Buffalo, N, Y..,... ... vol| Eoerrs | &gnnis | asza8Y | osa60d | 1BB34
E Ban Franeisco, Calif. ., ...... 506,676 | 416,m2 782 | 298,097 238,050
Milwaukee, Wis,, ...0r.. 000 4BT.04T 867 15 | 204468 [ 115,587
19 | Washingtap, D cﬂ. o) dsmavl | osaLoes | oraimik | 230462 mr 84
50 | Newark, N.J.... i 347460 | 2agl0¥0 | 181830 30,508
21 incinnati, Ohia. 1 363,591 325, & 256 139
22 | New Orleans, La.. gao.s | owmrgoe o mo080 | 216,000
2 | Minneanolin, Wia 1,408 s | tearss [ Caassr
24 | Kanms City, Mo HM8280 1 163,782 | 132,718 58,785
25 | Seattle, Wash..,........ 437,194 80,871 42,837 3,533
2 | Indianspolis, Ind. 233, 69,164 Z 75,056
97 | Jorsey City, N, J.. 287,779 | M00.433 | 163,008 | 120,723

i | Hoabester: N, ¥. 218,149 J608 | 139,806 86,306
5’3 Denver, Colo. ... T 133'3:523 T ;23;";

e, e » 1

31 | Tolado, Ohio. ... 168,497 | 131,822 81,434 50.13?
3 | Providence, B. 1 294 17a60T | 132,146 | 104,587
32 Colymbus, Ohio 181,511 125,580 48,150 51,847
8 Luuis"nlle Ky 223,928 | 204,731 181,128 123,758
3% atrae | aeoss | usaise | anams
36 Onlcland Culif,| 160,174 | ouo0 | ABieed 44,855
37 | Akron, Ohio. .., 00,067 | 42,728 | 27.6m 16,512
38 | Atlanta, Ga........... 154,839 872 65,528 37,400
% | Omaha, Nebrd, . V000000 191,aot 096 | 102585 | 140,454 40,818
40 | Worcestor, Mama,. .. 100 00 1707E | 148080 | Ligem G5 | 58,801
41 | Birmingham, Alfe......n.... 175,306 . 3gAL 26,178 3,088
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ar
100,000 INHABITANTS OR MORE, 1790-1920

LATION

1870 1860 1350 1840 1880 1830 ] AB10 0 AS00 | 1700

1,478,108 | 174,770 | 60,115 [ 801,104 | 242,278 | 182,086 [ 119,75¢ | 70,218 | 40,
543203 | 'eidieno | 816,547 | 818710 | 202,65 | iza00 | 96373 | 60518 aa,fgi
23,503 8082 | 4 3,023 a8 0 vi

37,308 4 A 1
q98 | 198, aT1a | 20 iner| 8 5 ry
Yt 2?’:5,903 18.’8533 14,450 oﬁg 8,246 7:2?3 5,322 u,m
38020 | B9z | 1806 | 30,065 7,08

sogorr | yooge0 | aames | daw|........
s 02z | osessag | adnave | esees |0
7057 | Taehee | atauns | ooz | mom

43417 | 17084 | BOTI|  10%
3l0j864 | 180778 | 77880 [ 18es |00

450,596 | 170840 | 138,581 | vaas3 | 61,802
207,364 212,418 180,054 | 102,313 | 80,820
180306 | “yToem | eTses | Blaca | 18,380
uznzie | s

149,473

18,611
20,228 -
48,204
2.8M
18,768
:ko,m 41518 | 2871 16,533
8,554 6,048 435
10,341
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TABLE

BOPULATION OF CITIES HAVING, IN 1920,

1 Populaiton shown i3 for New York and its barcughie as now con
* Wydo Park town sonezed to Boston eity since 1910, Cumbined -

. POPL-
- OITY
1320 W 1900 1860 1380
-
42 | Byracuse, N. Yoo...o\oees. 174,717 1 137,240 | 108,374 8,i49 51,7202
43 | Fic Vi, ) TTLeer | 127,628 030 | 81,388 600
44 |} Neow Haven, Conn, 163,537 133,605 | 108,087 L2068 1 142,852
45 ) Momphin, Teun., 162,551 131,105 102,320 44,494 33,500
46 | Ban Antonio, Tox | 161,37 96,014 53,921 a.673 20,550
471 Dallas, Tex, . ov.ovvennvvanas 148,578 92,104 42,438 3B.067 10,858
45 Dnl,yton, Qhig...... renen bl 152,059 116,577 86,398 61,220 38,678
49 | Bridgeport, Conn... .. arras A M4B.585 | 102,054 70498 48,466 618
80 | Hounton, Tete.o.ooooonn..... 138,276 8,800 44,638 27,567 16,613
81 | Hartlord, Conn.... . ... ... 138,036 98,915 | 79,850 2 ¥l
62 | Berabbon, o . ... .. 131,183 120,851 102,026 75,218 45,850
53 | Greand ids, Mich 137,60 112,571 87,505 274 A2,018
54 | Paterson, N. J...,. A o1ssErs | oags.600 | 103,051 4 51,034
85 | Youngstown, Ohin 1132358 70,008 | 44,865 X 15,435
58 | Springfietd, Muss.,..........] 120.814 83,026 | 62,050 | 44,070 40
87 | Des Moines, Tows, .......... 120408 | 86,308 | 62290 )  s0008 22,408
5 | Neow Bedford, Mass,......... 131,317 | 6,453 {42442 | 40,783 20,345
59 | Pall River, Mass... b taoks | ni9,208 | ro4,n62 | 74,398 48,961
€0 | Trenton, N. J..... . 119,289 A15 | 78, g7ds8 1 20,0010
6 | Nushville, Tenn,.,... 18,342 1 BO,865 { 75,108 i35t
62 | Salt Lake Ci?-, Utah,.onew..f 115,110 2,7 53,631 44,048 20,
83 | Camden, N.Ju.ovuisovononns 118, 94,538 75,035 | 38,318 4
64 | Norfolk, Va., ... e 8T 7,462 48,024 | 3LETY 2¢
6 | Albany, N. Voo oo 13,340 1 200,263 04,281 | 94,923 0.
280 | 108,904 94,000 | 77,896 N
110,168 87,411 76,508 | 01431 ;
100,604 X 11,886 i JE
107,784 NGO T U T
we4sz | 7emi2 | 20688 | 2s07e 006 :
(04,437 | 106402 | 3688 | 199 SNE3033 | 13B02;
(UKL TR UL . & P D—
WL 176 79,503 47,941 2 Kl ’
i ‘Biikuted,

a3populntion: 1970,
3Park not retutsn

ORG,002; 1000, 574,136; 1800, 456,670 1880, 569,097; 1870, 954,862, Elyded | (pon, 105,087 1580,
septentely nt eorfier conpuses, 52 1,0, 2,801, Alleghany

& Ineludes population of Allegheny, na follows: 1000, 120,806; 085

78000, 1870, 50,150, 100, 25,702, 1850, 21,963; 1640, 10.088; nd 18T | g e g Frapcieo

not returned separately at earlier vonsuses.
¢ Population as veported by state census of 1852 returns for 1
wete destroyed by fire.
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i (Contintied)
o000 INHABITANTS, OR MORE 1790-1920

Tapre 1 1880 1850 | 1840 | 1880 | 1820 | 1810 | 1800 | 1790

¢ Ag,081 28,119 42
L es | 3eew0 3
?vw.sm T 39,267 L
L | A0 | 5
%,.-,um 8225 |4
: I i
- 081 .
808 £
Bag 5
199,152 51
0,928 |......, ) IR FOUUTOT (RO TR SRRPUU] OO | 5
8085 | wase | 1 SO FAURDONY DORRON I
19586 .0veerees REREOE 1ORORRUE IURBOU N 54
P S N FOOPUO! YOO IUIAN TEONN0) RORSpRN HpPsvet prd
wiw | 11766 g | R T Rals ] 14| 58
068 [oenn.,.. SEURTU FORPRPION MO JNVU IDURONY OO 8
00 | Tedda | Moy | v s e oy | ek wdel | B8] aa
14,028 6,7, 4,158 1,208 ).......fen-ees
17,228 4,461 4,085 2928 3,042 soml........ J J
16oea | 1018s | 603 | BEes| | 8l

¥
14,620 14,326 | 10920
62,367 50,788 | 84721

38,827 33,388 | 20,708
21,258 13,979 | 8,387
268.060 152151 8;
23,162 15,743 | 8410

b Population s returned from 1880 Lo 1920 is for District of Columbia, with whick
W now woaxtonsive,

. Omaba, aod Sotth Omaha cities consolidated since 1810, Combined population:
160,885; 1900, 128,566; 1600, 148,514, South Omaha not returned separately at
i DOnNAVHES.

 Population of bewn, ineluding eity; %own and oity not Teburned separtoly.
 Not veturned sepniately.

thapn one-tenth of 1 per cent.
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Natlve
P&I‘anzue

Natlre
Bareatage

Native
Prrentagd

Fia. 36.— Racial Cowmposition of Population of the United states.
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“According to the U. 8, Bureau of the Census the popula-
fion is divided into six clagses: (1) white, (2) negro, (3)
‘Indian, (4) Chinese, (5) Japanese and (6) ‘““all others.”
The white population ig 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.

¢. Native, mixed parentage, having one native parent
and the other foreign born. '

. Foreign born.

Tt is often. desirable to subdivide the foreign born aecord-
ing to the country from which they eame, This is true also
of the parents. The composition of the population has
sn 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 he
discussed in detail in an clementary 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 feinnles. Thus, we
have the following figures for 1920:
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TABLE 28
COMPARISON OF SEXES IN THE UNITED STATES
Per oent.
Males to
United States 100 termales,
Male. Female.
[89)] @ - 3) 4)

Total population. .~ .............. ..., 51.0 9.0 104.0
Native white, native parentage. .. .... 50.7 49 .3 103.0
Native white, mixed parentage...... .. 49.3 50.7 97.7
Native whita, foreign parentage. ... ... 49 .8 §0.2 9.1
Foreign born white................... 54.8 45.2 121.7

In most parts of the country males are in excess, and gen- .
erally speaking the ratic of males to females increases from
east to west, In only a few states do we find females in
excess. One of these is Maseachusetts, where in 1920 the
ratio was 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 conneection with
age distribution. _

Dwellings and families. — A knowledge of the number of -
persons in 8 dwelling or a family is of sociologicsl interest,
and it may be of practical use in estimating the population
of an area the boundaries of which are not coincident with
any oivil division. Here we come again to the difficulty of
definition., What is a dwelling? What is a family? A
dwelling-house is congidered 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 persons
related by blood, and economic families.



DWELLINGS AND FAMILIES 175

The ideal family has been said to consist of a father and
mother and three children with an ocessional grandfather or
grandmother, aunt or uncle. Ir the United Btates in 1920
the average number of persons to a family was only 4.3, —
apparently mouch smaller than the ideal. The average
pumber of persons to a dwelling was 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 5.1. This extra
tenth of o person is diffienlt 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.

TABLE 29
SIZE OF FAMILIES AND HOUSEHOLDS, 1920

Porsons per Persons par Families par
Place. dwalling, family, dwaelling,
) @ (3] W
Dnited States............... 5.1 4.3 1.21
than*. ..o e 5.9 4.6 1.31
£ 4.7 4.6 1.02
NewEngland.............. 5.9 4.4 1.34
rhan®, .. ..oviieeii v 6.5 4.6 1.41
CRural® 4.2 4.0 1.05
New York City............., 15.3 4.4 3.48
. Borough of Manhattan, ... 30.3 4.4 .98
Moston. ..., e 9.4 4.5 2.00
e 7.1 4.2 1.69
4.8 3.6 1.28
.............. 4.7 3.8 1.23

* Census of 1010,
_The shortage of houses since the war is seen in the facts

at in 1920 in the United States there were 1.21 families
r dwelling while in 1910 there were only 1.15 families per
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Age digtribution, — We now come to what is & most
important division of the population, namely separation into
age-groups. In connection with a study of death-rates and
causes of death a knowledge of age distribution is funda-
mental. As a factor in vital statisties it is more important
than sex or nationality or parentage 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 sre seldom divided into groups for which
the time interval is less than one year. Five-year and ten~
year groups are even more commonly used. In thig chap-
ter we shall not counsider 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 birthdoy is often stated
as the age, an infant being regarded ns 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
wag 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
those enumerating the ages of persons in the foreign quarters
of our cities and justify the check question asked by census
enumerators, 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-
“Jand. In 1890, however, the nearest birthday was used, The
“affect of the definition of age on the age-grouping will be ap-

parent from Fig.87.  The nearest birthday method creates
' Grouplng by lash Blrthdays

0+ b a+ 84+ 44
A Y A, A A
' Y v b - “
T
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0 1 3 i 5

2
Grouping by nearest Birthdays
Pre. 37, - Ags-Grouping by Years.

‘eonfusion in the ages of infants and children one year old.
If infants include childrer up to the age of one year, then
the  one-year "’ group must be limited to half a year or else
there is confusion of those between six months and one
year. The digcrepancies in the 1890 figures are plainly
gshown by the following table which gives the percent-
age distribution of the population under five years of age.
TABLE 30

PER CENT DISTRIBUTION OF POPULATION UNDER
& YEARS OF AGE

" Nonrpet " . "
bicthday.” Lant birthday.
Age it yenrs,
1890, 1880, 1000, 1810, 1920,
1 2 @) (4) (5) [}
FPor vont. | Per cent. | Per cont. | Parcent. | Por oent.
Under 1 year 20.5 20.9 209 20.9 19.5
1t i4.1 18.2 19.3 18.6
2 22.7 20.8 20.0 20.4
3+ 21.4 20.0 19.9 20.3
7 4+ 213 | 203 | 200 | 19.9
Total under § 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
pumber 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 befween 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 34
year group contained fewer than the 4 year group.

These discrepancies are due to errors. They are greatest
in populationg where there is much illiteracy and whete no
attempt is made {o check the age returng 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

PERCERTAGE DISTRIBUTION OF POPULATION
UNDER 6 YEARS

Tni 8
Ape, Garmany, (Neg\?&%hlﬁ%ﬂ-)
n & ®
0 0.6 20.0
it 290.3 17.4
24- %0 .2 20.6
3L 19.5 2.9
4+ 19.3 21.1
TUnder 5 100.0 100.0

Etrors 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



ERRORS DUE TO USE OF ROUND NUMBERS 179

- gtate their age accurately, but some will give the nearest
yound number. An ignorant or eareless person who may be
30 or 41 years old may give his age as 40, a figure which in

. his mind is near enough. This habit is encouraged by ask-
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 ing for the “ nearest birthday * as was done in 1890. Inmost
censuses there are enough instances of this sort to produce
noticeable concentrations around the ages ending in 0 or &.
. 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
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subject of age. It is met with in all sorts of statistical work.
Dates are often stated as ** the firat of the month,” or the
tenth or the fifteenth. These, mixed with more accurate
statements, may produce abnormal concentrations. Methods
of adjusting data troubled with these concentrations on ihe
round numbers are used by statisticians and may be found
in technical books on statistics.

The U. 8. Census Bureau in studying the error due to the
ahnormal use of round numbers has made use of a measure
termed the * Index of Concentration.” Thig was taken to
be the © per cent which the number reported as multiples of
5 forms of onefifth of the total number between ages 23 1o
62 years, inclugive.” Thus in the U, 8. in 1910 there were
43 miliion persons aged 23 to 02 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 wag 10,3
million. Hence the index of concentration was 103 =+ 8.6
== 1.20, or an index of 120,

TABLE 32
ERRORS OF REPORTING AGE

Country. Date, Tudex of conean-
1} () 1)
1900 100
1901 100
1600 101
100 102
1001 106
Canada 1881 110
Bungary. ........oocoiiil. 1900 133
Ruosstan Empire..........o.o00 1897 182
11T S e 1905 245

It was found that the index of concentration increased
directly with the ignorance and illiteracy. For the native
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Wehite persons it was 112; for foreign born whites, 129;
for colored persons, 153. It is interesting to compare these
1 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
under-estimate of age, most congpicuous 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
use 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 perhapa
" this is not desirable as there are many different uses to which
. the figures are put.

"~ The U. 8, Ceprus states the boundaries of the groups in
inclusive numbers, such as (0—4; 5-9; 10-14; ete., and not
in round nymbers, as 0-5; 5-10; 10-15. With the original
-gge records given in years it is undoubtedly the most exact
method.
- A condensed grouping used in the 1920 census was the
. following:
Under 5 Years
{(Under 1 Year)
59
10-14
15-19
20-24
25-34
85-44

45 and over
Age vnknown
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Sometimes there are one-year groups from ages one to
five, B-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, pmposed the following age grouping with the two sexes
listed separately:

From Qto 1 year
From 110 10 vears
From 20 to 39 years
From 40 to 59 years
From 60 to

and suggested that where possible the seeond group should
be subdivided thus:

From 1to 4 veara
From 5 to 14 years
Frown 15 to 19 years

The advisability of using the same age-grouping for popula-
tion records as for records of deaths and sickness waa strongly
emphasized.

Persons of unknown age. — One of the puzaling things
about age distribution is to kuow how to treat the “age
unknown.” Usunally this number is not large, but in par-
ticular cages it may be, In 1920 only (.14 per gent 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 accuracy
of the investigation. On the whole this is probably the best
thing to do.

Another way would be to digtribute the unknowns pro
rata through the other groups. But there is really no justi-
fication for doing so, because the persons of unknown age
may be confined to certain selected ages, as the very old.



REDISTRIBUTION OF POPULATION 183

. 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
aceordiug to one age-grouping and it is desired to ascertain
- the numbers in other age-groups the problem is more diffi-
eult. Approximate results only can be expected and these
can be obtained by graphical methods or by computation.

For this purpose the summation diagram is most con-
venient.

In 1910 the population of Carmnbridge was as follows:

TABLE 33
POPULATION OF CAMBRIDGE, MASS., BY AGE-GROUPS

Petaans tes than stated age.
Age-itroup. Number. Age.
Number, Par cont,
43} (2) @) @) {5}
0-1 2,323 1 2,423 2.3
14 8,479 b 10,802 - 10.4
0,471 0 20,278 19.4
1014 8,802 15 29,165 7.9
1518 8,930 20 37,006 36.4
20-24 10,408 25 47,503 46.4
25-84 19,175 a5 06,678 64.6
a5-44 15,728 45 82, 7.6
4h5-f4 18,732 65 09,136 95.6
66-99 4,642 100 104,778 90.4
Unknown (1) S I 0.4
Total 104,830 | ... 104,539 100.0

The figures in column {(4) are plotted in Fig. 89, Let 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

&8 years old. The group, therefore, containg 53,500 -
: 48,500, or 10,000.
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Fra. 39. — Age Distribution of Population shown by Sumtation
Curve, Cambridge, Mass.: 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 3 = 4163
19,175 X & = 5753
916

This assumes a uniform age distribution within each age~
group, Which is pot 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 census
. and by interpolation obtain more accurate percentages for
+ the intercensal years. The use of the surnmation curve is
;- the most convenient method however,
‘" 'The third step is to multiply the estimated total popu-
, lation by the percentages obtained in the second step. The
(feature of this problem obviously lies in the second step.
E - Let us try to find the age distribution of the population
sof Cambridge in the year 1908, In addition to the above
y figures for 1910 we have also from the census records the
“following figures for 1900, plotted in Fig. 40.
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TABLE 34

ESTIMATES OF POPULATION BY AGE-GROUPS FOR A
KON-CENSAL YEAR: CAMBRIDGE, MASS,

Peraony lees thao stated age
Agogroug. Wamber. Age.
Number, Par cent.
) (B +H] 4} (8)
(131 2,123 1 2,123 2.3
1wd 7,619 5 9,042 10.6
59 8,343 10 17,985 19.8
10-14 7,331 15 25,316 27,5
15-19 7,781 20 33,007 36.0
2024 10,688 25 43,685 47.5
25-20 09,978 30 53,608 58.4
3034 8,157 35 61,815 67.3
3544 12,377 45 74,192 78.5
454 8,561 b5 82,763 90.0
55-64 028 781 05.5
65-09 3,652 100 01,433 99 .4
Unknown 453 | ... L O .
Total 91,8% | ....... 91,886 | ..........

The percentage distribution for 1900 and 12910 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 somnewhere between the two.

Progressive character of age distribufion. — Among the
causes of the variation of death-rates from year to yesyr 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 wha said: ’

“ 1t is ten o’clock:
T8 but an hour ago since it was nine,
And after one hour more "twill be eleven;
And so from hour to hour, we ripe and ripe,

And then, from hour to hour, we rot and rot;
And thereby hangs & tale.”
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. While the age distribution of a population does not change
rapidly from year 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 imrni-
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Fie. 40, — Percentapge Age Distribution of Population, Carobridge,
Maas., showing slight differences in ten years, -

_ gration, but the birth-rate varied econsiderably. 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 0-4-group at one date would appear in the
- B-B-group five years later, except as losses by death oceurred,
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Tt is interesting to see how the influences which increase op
decrease the numbers of children produce results which flow
as waves throughout a long life-term. For example, the
high birth-rate between 1820 and 1825, which caused a peak
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Fyo. 41, — Age Distribution of the People of Sweden by Pive-

Yeéar Groups: 1750-1900.

in the O-4-group 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 04 curve in 1810 can be
followed for sixty years.

This same progressive change in age distribution can be
pbeerved in Massachusetts in spite ‘of the fact that the
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" eurves are confused by secessions due to immigration. The

k in the O-4-group in 1860 can be followed for fifteen

years, but after that immigration appears to confrol. The

. immigration peak seen in the 20-24-group in 1880 can like-
wisa be traced almost to 1910,

This progressive change of age is very important, for with
copstant specific death-rates for each age it would auto-
matically control the general death-rate. It shows 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 this study.

*+ Types of age distribution. -— According to Sundbiirg one
of the striking features of normal age distribution is the fact

" that about one-half of the population are between 15 and 50
years of age, He distinguishes three types of age distribu-
tion. The firat is the Progressive Type, the second the
Stationary Type, and the third, the Regressive Type. These
are lustrated by the following typieal groupings:

TABLE 35
TYPES OF POPULATION

Por cent of population.
Age-group,
yeatn. Progroseive Stationary Regrosive
type, type. typa.
[tV [£3) )] (4)
0-14 40 33 20
1540 50 50 50
50 10 17 30

: 1t will be noticed t.ha,t in all cases, the proportion of middle
s aged persons is the same, and that the classification depends
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upon the proportion of persons under 15 years of age o
those more than 50 years of age.

To these classes might be added two more, one in which
& 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 iz much 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 pere
sons between 15 and 50 years of age is greater than 50 it may
be termed the accessive fype,

The following are examples of age distribution on the
basis of this classification:

TABLE 36
- TYPES OF POPULATION BASED ON AGE-GROUPING

Per cont of population.

0-14 | 1549 | S0
years, | years. | and over,

it} 1] 63} “w

Sweden (1751-1900).. .. ..ot a3 50 17
United States (QB10). . ..o iviivirreenns 32 5 13
Massaohusebhs. .. ..o covivi e 2" 57 16
Minnegota.......o.... e 32 54 14
New York State.........cooooviiiieiann., 27 | 58 15
Washington Btate....................o. 246 81 13
MEBIDB. s e v e vr v 27 51 22
Mass., native white of native parentage...... 28 50
Mass native white of foreign or mixed par-
.................................... 46 48 6
Mass oreignbora white.................... [} 74 20

Tt will be seen that Sweden has a normal stationary popu-
lation, Massachusetts has an accessive population with 57
per cent between 15 and 50 years. Washington is even more
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aocessive, Maine tends to be regressive, as it has an abnor-
rally large nutober 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.decidedly 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 School of
Hygiene and Public Health, Johns Hopkins University, who
has given an interesting comparison between the United
Btates, England, France, and the City of Vienna during
the Great War. The figures are as follows: —

TABLE 37
NUMBER OF DEATHS PER 1oo HIRTHS
. - France,
. 8, birth regis- England T .
Year. . (77 non-invaded Vienna.
tration area. and Wales, i onts),
ez | ..., 66 | ... 80
3 | ..., 57 o7 85
mea | L. 59 110 56
1915 56 69 169 113
1016 50 65 193 143
1017 857 75 179 195
1918 ™ o2 198 220
1919 58 @B 162
A Bifoct of influensa epidemde,

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 bagis of
reference. Several have been suggested.

A rimple one was the actual population of Sweden in 1890.

1 8eience, N. 8. LI, p. 553; also LILL, p. 120.
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This was suggested because the counfry was not much in-
fluenced by emigration or immigration. This standard had

only five groups.

I was thig:

TABLE 38

AGE DISTRIBUTION OF SWEDEN, 1890

Age-groug, Per cent.
i1} @)

0-1 2.55
1-1% a89.80
20-30 26.96
40--50 19.23
60~ 11.46
100.00

The * Standard Million,” namely the population of Eng-
land and Wales in 1901, has been much used in adjusting

birth-rates and death-rates,

TABLE 39

It is as follows:

ERGLARD AND WALES STANDARD MILLION OF 1901

Age-group. Males, Females. Persona.
) @) )] Y
0-4 57,089 57,223 114,262
59 653,462 53,747 107,209
10-14 51 370 51,365 102,735
1519 49,420 50,376 99,796
20-24 45,278 50,673 06,945
2534 76,43 85,154 161,579
3544 59,394 83,455 122 849
45-54 42,024 ,208 89,222
5564 27,018 31,828 59 741
646-T4 14 601 18,380 a3, 080
76 5, 7,949 13,581
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G, H. Enibbs and . H. Wickens,! statisticians of the
Oommonwealth 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
countries are congidered. The results were as follows:

TABLYE 40
PER CENT OF POPULATION AT EACH AGE
(Eleven Countries of Europe)

Per ¥
Ao | g | Ane | . || Ao | || A8 | s || A8 | cont
6] 2) a) 2 (L) ) oy (2) (1) 2
“otgae ]l 19 (19010 38 1125 57 Q6T [ 76 |0.20
1243 20 11860 39 | 1.21 58 (064 77T |0.18
224 21 | 1.83 )| 40 (118 ) 59 062 78 [0.16
B12.38 ) 22 | 180 4 |16 60 Y0500 7D [0.13
412385 2 [LT6) 4 |11ty 61 1087l 80 (o1l
5/233) 24 [ 1.73| 43 | 1.08[) 62 | 0.544 81 |0.10
612300 26 1169 44 |1.05( 63 050 8 )0.08
71227 20 1066 45 [1.02) 64 040 ) 8 |0.07
gla2al 27 [162) 46 1099 65 046k 84 | 0.05
gl221| 28 |1.501l 47 |096 ] 66 10441 85 [0.04
0239 29 | 15610 48 (093] 67 (042 24 |0.03
11215 80 (152 4 (08014 68 (030 87 |0.02
1212120 31 [1.490 50 |0.86| 69 [ 0.87| 88 |0.02
132001 32 [1.45) 51 (0.8 70 10341 8 | 0.01
Ml2o06| 88 1410 82 [D81L 71 [ 0321 90
151203 34 13y a8 oyl 72 10200 9
161200 35 | 1.35) 5 10750 73 1027 9231002
17198} 36 L3y 556 |0.73 ) 74 |0.24 93
18193 8 128 56 070 75 (0.23( 9%
All ages  1100.0

Age distribution of the population of the United States. —
On aceount of the heterogeneous character of the people
of the United States, due to immigrafion and to internal

' The Determination and Usens of Populstion Norms representing
the Constitution of Populations according to Age and Sex, and accord-
ing to Age only, Transactions, 15th International Congress on Hygiene
and Demography, Vol. VI, p. 352,
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rf",‘x';igm,tiom\, we find that states and cities vary widely in the
%"a.ge; composition of their inhabitants. In the older parts of
‘the country we find & 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 differ-
ent classes of populations and in different sections of the
‘eountry.

~ The following table shows the percentages of total popula-
tion in 1910 arranged by years:

TARLE 41
PER CENT OF TOTAL POPULATION, BY SINGLE YEARS, 1910
(United Statos)

Age] O 10 20 st 40 &0 6 0 | s | %0

0| 24, 2.0 20| 2.0 1.7 1.21 0.7 10.4

1 2.1 19 1.9 1.2 091 07 04102

2 24 21 20 1.6 1.2 09| 0.5 0203 ¢
‘3 2.3 1.9 1.9 1.4 1.0 07| 0.4 0.2'

4 28 20| 1.¢] 1.4] 09] 07| 0.4]0.2

5] 2.2 1.9) 2.0 1.7 1.2) 0.7 056102

6l a2 20| 18] 141 091 07 0.310.2

71 22 19| 1.7} 1.2 0.9 05] 3008100 ¢
S8 21 21 r9] 150 10 06 03(0.1

81 20 1.9 1.5 1.2 6.0 05| 0301

* Lesa than 0.1%,. t Age unknown = (0,29

The concentrations around the years ending in 0 and 5
should be noticed. The differences between the percentages
Kfor 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 broad 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 {rom being exhausted, but 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-
Iation, 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 sue-
ceeding generation. The check of higher living standards is
geen in operation. What will be the effect of these laws on
Asia? Will not the development of resources in Siberia be
& stinoulus to population growth in that great country, a
country not only abounding in natural wealth but with
great possibilities for a high order of civilization? On the
other hand, will not the development of diversified indus-
tries in China bring about higher standards of living and
check the birth-rate, thus 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, e emphasizes not only the pos-
sesgion of natural 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 lock
at the ruins of Egypt, Babylon, Rome and Carthage, and
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{ wonder. In summing up his studies, Knibbs says, “ The
. Mmits of human expansion are mueh 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 roust 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-
rally think, 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
th-rates and popuiation? [Hee Am. J. P. H,, Apr, 1917, June,
1017, Feb., 1918.]
%, From the data given in Table 3, 13th Census, Population, Vol,
I, p. 24, estimate by three methods the probable population of the
United States in 1930,
3. What was the average snnual percentage rate of incrense of the
- population of the United States between 1700 and 1800, assuming a
goometrical rate of increasa?  Between 1900 and 19107
.4 Under what temperature conditions do the people of the United
States live? (See 11th Census, page ix.)
B, Under what rainfall conditions do the people of the United States
Jive? (See 11th Clensus, page ix.)
; 8 TFrom data given on page 314 of the 13th Census, Population,
~¥ol I, make & table giving the age distribution by single years of the
éntire population of the United States, the native white of native
‘parentage and the foreign born white.
¢ % Make a plot of the last two,
T
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8. Assuming the age distribution of the United States native white
populstion of native parentage (both sexes) as given below, find by
graphieal methods the age distribution as indicated.

Gived Wanted
Age Per vent Age Per gent
0-4 132 0-4 ¥
50 11.8 514 7
10-39 21.1 1524 T
20-29 7.7 2534 ?
30-89 13.1 3544 ?
4049 9.2 4564, ?
5059 6.9 6584 1
6069 4.4
70-79 2.1
8089 0.5

Check the result by computasion from figures given in previous
problems,

9. Look up the * Incremental Ineropse Method ™ of estimating foture
populations. (Jour. Am. Water Works Asso., March, 1915.)

10. What is meant by the *“ Center of Population? Where was
the centre of population in the United States in 17907 In 18107
{0, 8. Consus, 1910, Population, Vol I, p. 46.)

11, What is the * median point 7?7

12. Which states have the largest per cents of urban population?

13. Describe Moore's “ Expectancy Curve,” for estimating future
populations. (Engincering News, Nov. 2, 1916, p. 844.)



CBAPTER VI
PREDICTION OF FUTURE POPULATION

(Mr. Dana E. Kepner, Assistant in Sanitary Bngineering,
‘Harvard Engincering School, 1921-2, collaborated with the
author in the preparation of this chapter.)

. For many purposes it is Becessary to make an estimateo of
what the population of & place will be ten, twenty, or per- |
baps fifty or more yearsin the future. City planniog is funda~
-mentally dependent upon such predictions, However much
we may moralize and say,  No one can foretell what the
future has in store for us,” it is absclutely necessary to make
population estimates as the basis of plans for water supply,
- sewerage systerns and many other municipal works. In
buainess it is desirable to know what the future population
of cities and regions is likely to he. 8o, too, in political
matters a knowledge of the future trend of the voting popu-
... lation is important.
. Methods commonly used. -— Estimates of future popu-
. Intion 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-
- erally gives too low results and the latter too high results.
. It is logical to extrapolate arithmetically using the last
two ecensus records, for a short period ahead, say ten years;
but in estimating for longer periods it is necessary to base
the prediction on longer historieal records, This is a prin-
- eiple which applies to many things in life. The farther
- you look ahead the more you must look back, It means the
use of experience. The public health student who desires
0 project himself forcibly into the coming years needs to
199
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. study the history of the health of the human race and the
methods which have been employed to proteet it.

Graphical methods are more common and, on the whole,
are more useful than these numerieal computations.

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 ustually done by the eve, 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 conditions 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 conditiong are reasonably comparable; ascertain what
their growth was after they had reached the size of the city
being studied; and use 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 i8 open to this objection, however, 'The
cities taken ag 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 sv often
too high.

A third method is to make use of all sorts of local data,
which may influenee future growth, ~ the density of popu-
Iation, the character of the industries, housing, transporta~
tion facilities, and so on. 'These are for the most part in-
direet, 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 enhance confidence in the resulting prediction:
but it usually requires somse coursge to apply them if
they are at variance with the mathematical curves.

There ia 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 fundatnental laws of pop-
ulation are biologic and economie, using these terms in a
very broad sense. An understanding of some of the funda~
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 example of the graphical method. — The following
is an example of the graphical method of estimating popu-
lation.

Estimate the future population of Springfield, Mass.,
using for comparison the cities of Worcester, Mass., Syra~
cuse, N. Y., Rochegter, N. Y., and Providence, R. I. From
the census reports we have the following data:

TABLE 42
POPULATION OF CITIES

Year. Bpringfield, Waresuter. Syravuse, | Rochoster. § Providenee.

Y ® @ 1) () (3]

1860 | 15,100 94,060 28119 | 48204 | 50,660
1870 | 28,708 41,105 43,051 | 62,386 | 68,004
1880 | 33,340 58,291 51,792 X 104,857
1890 | 43,179 55143 | 133,896 | 132,148

1900 | 62,059 118421 | 108,374 | 162,808
1910 | 85,926 145,986 | 137,240 | 218149 | 224,

i
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These date are first plotted as in the upper part of Fig,
43. They are afierwards brought together ag in the lower
ba.rt of the figure, the lines being made to cross on the line
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of 1910. The estimate for Springfield iz 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 figares
may therefore be plotted and, if a straight line results, pro-
jected forward as a continued straight line. It will usually
be found, however, 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-
Jar that it can be projecied forward as a continued curve.
This, however, ‘s merely the mathematical outline of the
problem. Other factors need consideration, as deseribed
bevond,

Ag an example of this we may take cities and towns mak-
ing up the present Boston Metropolitan Water Digtrict 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 downward sloping eurve, which can be projected for-
ward without mueh 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 resnlts being used to project forward the main eurve.

Semi-log paper may also be used in the estimation of
future populations when domparing 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. 48, the semi-log paper, shown in Fig. 46, may be em-
ployed, remembering that steeper slopes mean bigher rates
of growth.

4 In Massachusetts the census is taken once i five yeurs,
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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.
nual 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 L5 per cent per year. Then bee
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 cent. 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 Iveland was
growing at 1 1.1 per cent rate. Then came famine, emigra.
tion, and bad economic conditions which resulted in a great
decreage in population. Betwsen 1841 and 1851 the decreage
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 point (1921),
the recent changes in government may result in an increage
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 wmillion, 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
eonditions 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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 Between 1800 and 1870 Germany grew less rapidly than

Pogland, the prevailiog rate being a little less than 1 per
eent; but after 1870 Germany began to accelerate, the rate
between 1900 and 1910 being 1.4 per cent. Austria has
grown more slowly, Le., about 0.7 per cent as an average
between 1830 and 1910. The Beandinavian countries have
had 2 normal growth of about 1 per cent, except that in
recent years some of the rates have fallen because 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 steadily
decreased until it became practically nothing after 1890
Belgium and Portugal have maintained 1 per cent growths
for several decades. Spain bas 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 eent;
then it rose to 1.3 per cent and fell off again,
© Japan, the only Asiatic country for which there is an aceu-

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 some of the changes in pop-
ulations have been due to altered boundaries, some of the
censug records are said to be inexact, and they have not
been taken on the samne dates in different countries. They
serve to show that a yearly growth of about one per cent, to
use a round number, I8 not far from 2 normal for cur Wes-
tern Civilization, They also show that great nationsl crises
tend to alter the rates of growth. Rates of growth execeed-
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 hag never at any time been
fetermined by count and reliance must be placed on. esti-
"mates built on very feeble foundations, G. H. Kribbs!
- has assembled many of these estimaies and from them has
found that between 1804 and 1914 the average annual rate
-of increase was (.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-
mated by Knibbs to be 1649 million.
. Population of the United States, — Turning now to the
Urited States (Fig. 47), we see that from 1790, the date of our
first census, to 1860, the rate of growih was very steady at
about 3.0 per cent per year. Following the Civil War, the rate
fell and remained nearly constant until 1910, i.e., 2.2 per cont
to 2.0 per cent. Between 1910 and 1920 it was about 1.4
per cent. An important guestion here arises, Is this the
beginning of a long period of slower growth, or is it but a
teraporary incident of the war? Predictions of future pop-
glations in our American cities must depend on the angwer
to this question. The author holds the former opinion, —
namely, that the rate of growth hag 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. 1In all probability the rate will fall
gteadily until it reaches about 1 per cent per year,

Some have looked forward to a still greater retardation of
growth, Professor Raymond Pearl of Johus Hopkinsg Uni~ -
versity? has worked out a mathematical formula based on

! Mathematical Theory of Population, 1917 by G. H. Knibbs,
Commonwenlth Statistician Australia.
" Vitality of the Peoples of Ameriea, American Journal of Hygiene,
Beptorober-November, 1921,
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the populations of the United States from 1790 to 1910,
and has plotied a line which on ordinary cross-section paper
(Fig. 50) is a sigmoid curve, This shows that the peint
of inflection was passed in 1914 and that 2 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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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 comditions 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
~ould 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 rust 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 165 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 williop in 2520. In other words,
at this rate the population of the United States five centuries
henee would be 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 yesr or
catagtrophic wars will occur.  Our “ Western Civilization
must retard its quantitative advance. If it is to bear fruit
worthy of its efforts it must look o quality and not to quan-
tity. Nations should be judged not by their size but by
the bappiness, 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 8 section has grown at a fairly constant
rate since 1790, Le,, L6 per cent per year. (Tig. 52) The
break in 1860--70 was only temporary., The six New England
states fall into two well marked groups. Massachusetts, Con-
necticut, and Rhode Island, which are essentially industrial,
aceelerated greatly about 1840 and have maintained rates
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 cep-
ters.

In the Middle Atlantic States, (Fig. 58), New York and
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Pennsylvanis 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 Jersey’s most rapid rate of growth was between 1840
and 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 maintsined a 3 per vent
growth since 1860. The drop in Virginia after 1860 was due
to the settling off of West Virginia.

The Bast North Central Btates (Fig, 55),— Ohio, Indiana,
Hiinois, 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
same 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 8tates (Fig. 57) had rapid growths
at first, but sinee 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 varied a
good deal. Louisiana sinee the Civil War has had a 1.8 per
cent growth; Texas, a 10 per cent growth followed by rates
‘about 3 per cent; Arkansas, an early spurt, of 25 per. cent,
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falling little by little to 1.5 per cent; and Oklahoma, a
gimilar rapid growth with & recent set-back.

"The North Mountain States,— Montana, Idaho, and
Wyoming, — are still small but the rates of growth are high,
- 1.6., 8 per cent to & per cent. (Fig. 59.)

. The South Mountain States, — Colorado, Utah, Arizona,
and New Mexico, — have grown rapidly buf, except for
" Arizona, the rates fell off during the last decade. Nevada,
- & mining state, bas shown both gains 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 gnld 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 esrly
-gettlement, lasting from 30 to 60 years during which the
‘rates of growth were between 5 per cent and 25 per cent
. por year, followed by a perind of more conservative devel
-opment, which has depended largely upor the natural re-
“mources but which hes been influenced also by industrial

development. No rates of growth comparable’ to those
which existed fifty years ago may ever be expected again,
unless extraordinary conditions arise.

‘Biological factors. — With this general background of
population statistics for different states and nations let us
now consider briefly some of the biological factors which
enter into the problem and which are deseribed at greater
length in the next chapter.

If we take a country like Sweden, for which there exists a
long and acourate record of vital statistics, we find that
although the birth-rates and 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
thete have been marked fluctuations from year to year
(Fig. 63). Marrisge-rates and birth-rates are influenced
by social and economic conditions and by wars. The vio-
Jent changes in death-rates are due to epidemics of disease,
famines, and wars. One thing is conspicuous from the

. Bwedish data, — namely, the smaller fluetuations in the

. wital rates of recent years, These indicate more stable

economie conditions and better health. And yet, as if to
conteadict this statement, we have recently seen the effect
of two cataclysms, the Great War of 191418 and the Great
Influenza Epidemic of 1918 both of which increased the
death-rate. Fig. 638 also shows that for nearly & century the
excess of birth-rates over death-rates has fluctuated around

- 10 per 1000, or 1 per cent per year, thug corresponding approx-

imetely with the average population increase, 1.1 per cent,
already 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 possible to ascertain the excess
of birth-rates over death-rates for a fairly long period. Be-
tween 1850 and 1860 the natural inerease 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 o 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 desths

has steadily risen until in 1914 it was 1.1 per cent, Al
these figures are so much lower than the actusl 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 approximate figures show: —
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Dot T(E&lr iggar?'n)m. Natug;l ;r::gu&. (ﬁ;m‘; rat-ion.)
1) (2) 3) {4)
188%*1890_ 2.4% 0.6% 1.8%
1890-1900 2.4 0.8 1.6
1900-1510 1.8 0.9 0.9
1910-1920 1.4 1.1 0.3

It may be observed from the Massachusetts data, ar well
ag from data for other states, that when the patural increase
kas fallen below 0.5 per cent per year it has soon afterwards
visen quickly to more 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-ratey 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. DDr. Raymond Pear
emphasizes the ratio of births to deaths, a subject discussed
on page 268.

Economic factors. — The well known law of Malthus
is that if, as time goes on, food production increases in an
artthmetical ratio while population increases in a geometrieal
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
irgrease in food supply is less certain. It depends upon
natural resources, especially agriculbural resources, and
man’s knowledge and ability to utilize them. It may also
be gaid 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 fuiure
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 eonditions affect the mama.ge-
rate and the birth-rate. What is of more immediate im-
portance to our subjeet, economic and industrial conditions
control migration. The annual 3 per cent growth of the
United States before the Civil War was due to an immigra-
tion inspired largely by bope of economic reward. The
drift of people from the rural districts to the cities which
began in foree about 1840 was also due to economie ressons.
And now we see people following industry from city to city.
We have not seen as yot any disposition to return to the
farm, although the general good of the country demands
it. These migrations are, of course, infiuenced by mixed
motives, — politieal, gocial and religious ideag having some-
times an important influence. These migrations are often
sudden; cities sometimes grow with great rapidity, — De.
troit, for example. In 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.

Bffect of immigration. — BEveryone 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 fluetuations in immigration. It is import-
ant to learn how this influx 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 Pig. 47. The short dotted lines show the rate
of ineresse of population after dedueting 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
deonde. Probably the next ten vears 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 inrrements 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: —

Annyasl
Populaticn.| percentage
increase,
At beginning™d first yenr.. ... ... ... 100,000
During first yesy, immigration,........... 3,000 ‘
natural increase........ 1,
At boginning of gecond year............... 104,000 1 4,00
Duringsecond year, immigration.......... 3,000
. natural increase........ 1,040
At beginning of third year................ 108,040 [ 3.88
During third yesr, immigration........... 2,000
natural inerease ......., 1,
At beginning of fourth year............... 112,120 | 3.77

A study of the populations of American cities from 1790
to 1920 shows that this law generally holds but that there
are many cases of erratic variations from it due to the devel-
opment of industries which suddenly attract large numbers
of workers, The ratio of urban te rural population in the
United States has been steadily rising for a long time. In
1840 it wag 1 to 10.8; now it is 1 t0 1.3, With the rural
districts already drained and with mmigration 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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ithin the cities themselves which are tending to retard
growth. The evils of congested housing, high buildings,
streets crowded with automobiles, and things too numerous
to mention, taken in connection with the inereasing demand
for better standards of living are giving impetus to the de-
gentralization movement.

~ Saturation. — An important internal factor in city growth
iz 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 fuily 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
‘ because streets as well as buildings become congested
and regulation of buildings becomes necessary 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
set 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 comrmunity, Factories and bus-
iness drive out residents, and small areas may become in-
dustrially or commercially saturated.

Effect of emigration. — It must not be forgotten that
cities may be influenced by loeal emigration as well as by
immigration. Only oceasional examples of this have been
seen thus far in the United States. But we are a new nation
and our cities have not yet experienced the saddening
sights of decay. These are not at all uncommon in Europs
and our time will come. 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
see the population curves topple.
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Expangion of area. — In predicting future populations it
must be observed that citics often grow in area as well as
in population. Annexations are so erratic, however, that
nothing approaching s law can be established.  Fig. 45
shows the population of the old city of Boston ulso the popu-
lation of the city including its apnexations. Apparently the
old part of the city became almost “gaturated " many yesrs
ago. The present city still has much unsaturated territory,
but looking ahead it seerns likely that the great future growth
will oceur In the suburbs, — that is, in the outer zones of
the metropolitan area.

In making population predictions for any city, account
should be taken of past annexations and of future annexa.
tions likely {0 ocenr within the period of the egtimates.

Method of forecasting, — In making estimates of the
future population of a city, it is necessary to consider both
the tangible and the intangible evidences. The best mode
of procedure is as follows: —

1. Colleet all the available population data, including
census records, aress, densities of populations in subdi-
vigions of area, annexations, ete.

2. Plot the past census populations of the city on semi-
log paper. Plot also the decadal increments on semi-log
paber.

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 as 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.

. Plot also population growths of older and larger cities.

7. Make a list of the intangible factors involved such as
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he birth-death ratio, local movements of population, as

mwn by various data such ag change of industries, building

its, new water and gas cmmectmns, ete.

& 8, On the basis of these various guides modify the tentative
estimate, increaging or decreasing the annual percentage
gates of growth on the basis of all the evidence, remembering
ghat the natural tendency is for the annual rate of increase
40 approach 1 per cent as a round number.

++ The prediction of future population depends in the last
analysis upon judgment and not upon mathemstical com-~
putation. The latter is mervely s guiding framework. In
planning structures for future use engineers 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
#00 high than too low. But on the other hand, if bonds are
desued, the payment of which depends upon the future popu-
Jation, an oversanguine estimate may result in extravagant
wxpenditures which will ultimately cause finaneial hardship.
Tt is important, therefore, that the best possible estimate
*be made.

High and low estimates. — As a rule American engineers
‘have made their predictions of future populations too high.
They have not given sufficient consideration to the law of
‘decreasing rate, and, as a class, they have not studied suffi-
-ciently the trend of populatmn growth in states and nations
‘or the biological and economic factors involved, On the
fother hand, there have been some notable cases of under-
‘eatimation. A few examples of unfulfilled estimates may
khe mentioned.
¢ In 1865 James P, Kirkwood, a well known civil engineer,
eatimated that the population of Cincinnati would be 431,
844 in 1890; actually it proved to be 207,000. At Roches-
}W an estimate made in 1889 claimed that the population
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in 1910 would be 283,459; actually the city grew to ouly
218,149, Tn 1895 Frederick P. Stearns egtimated 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 wag
made, but when 1907 arrived the population was double
the estimated figure. These cages are exceptional. As a
general rule engineers’ estimates of future population have
been close enough for practical purposes. For reasons men-
tioned, it is poing 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 past.



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
giveu interval of time and the median number of persons
alive during the interval. Unless qfherwise specified the
interval of time is considered to be one vear.  For the sake
of comparigson the ratio mentioned is reduced to the hasis
of some round nomber of population, generally 1000, Not
until such reduction is made may we consider this ratio as
a “ rate.”

The computation is, of course, very simple. 1If in the
year 1917 the number of deaths in a given city was 5710
and the population on July 1 of that year wag 390,000, then
the death-rate was:

5710 = 390,000, or 14.6 for cach thousand,

The death-rate for 1917 was therefore 14.6.  We sometimes
call this the ** general 7 death-rate becanse it refers to the
general population,  Sometimes it is called the * crude”’
death-rate to distinguish it from rates corrected and ad-
justed in various ways.  Or it may be ealled the * annual ”
death-rate. This is unnecegsary, however, as death-rates
are always assumed to refer to a year as the basis unless
stated ta the conirary.  Perhaps the best term of all would

be the “ Gross death-rate,”’ but this term is not as common.
237
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Death-rates may 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
used for special rates, as 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 aceuracy 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 ig estimated, and hence the
deatherate based up8n it must also be regarded ag an
estimale. 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 pross death-rate, referred to
1000 persons as a basis, expressed to the second place of
decimals. This iz warranted in the case of large popula-
tions for then the figures in the second decimal place have
# significant value. It is not warranted for small popu-
lations. This, it will be remembered, was discussed in
Chapter I1, 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 of
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, and
in D, population 1,000,000, from 16.000 to 16.001, In &
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TABLE 43
PRECISION OF DEATH-RATES
City. Population. Number of deaths. Deathrate,
¢} (2) 3) #)
A { 1,000 16 16.00
1,000 17 17.00
B % 10,000 160 16.00
10,000 161 16.14
C { 100,000 1,800 161}0
100,000 1,601 16.01
D { 1,000,000 16,000 16.00
1,000,000 16,001 16.001

eity of less than 10,000 population it would obviously be
unreasonable to use two decimal places.

Similarly 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
PRECISION OF DEATH-RATES
City. Death-rate. Number of deaths, Population. nﬁ;ﬁﬁfg;’n
W @) @ @ ®
16.00 18 1,000
L R 16 oot | 6
1600 160 10,000
B { 1610 160 0,038 { 62
16.00 1,800 100,000
c |f 1% 1600 gz §| e
‘ 16.00 16,000 1,000,000 \
D { 16,10 16,000 s | 6211
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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. This
percentage variesk according to the death-rate. To altes
the death-rate from 12.00 to 12.10, for example, if the num.
ber of deaths remained the same, would require a change
of population of 0.83 per cent. The following figures show

the percentage change in population required to alter
the death-rate by 0.10 per 1000 from certain given death-
rates.

TABLE 45

Fereantage
Change of rate from change o

population.

{1 2

20.00 to 20,10 0.50
19.00 to 19,10 G.52%
18.00 to 18.10 0.55
17.00 t0 17.10 0.58
16.00 to 16.10 0.62
15.00 to0 15.10 0.66
14.00 to 14.10 0.71
12.00 tn 13,10 0.76
12.00 to 12.10 0.83
11.00 to 11,10 0.40
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-rate shall be stated
in whole numbers; for places 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
pumber of deaths in a eommunity? 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 econsidered as a geo-
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mphwal area ar 48 @ community of persons? The answer
mugt depend upon the use which ig to be made of the facts.

- The Bureau of the Census, looking at the matter in a
fsroad way, takes the geographical point of view. It can

hardly do otherwise. By recording deaths in the place
where the deaths actually oceur 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
residence 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,
gross death-rates shall have a geographical basis.

This does not prevent the making of corrections to allow
for local conditions. Often such corrections are desirable.
Ii & hospital is located in & suburban town near a large city
the deaths in that hospital should be included in the gen-
oral death-rate of the town; but this figure eould not be
Aaken 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 death-rate. This rate should
not be used in place of the groes 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 include the deaths
of regidents who have died away from home we might call
the result the * resident death-rate.”

The gross death-rate, or general rate, is best for pur-
‘poses of national or state record. The local rate is best for
‘environmental studies. The resident rate is useful for
“social and political studies.

In New York city the health department publishes a
-general desth-rate and also 8 “ corrected ” death-rate in
“which the deaths are redistributed among the five beroughs
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on the basis of residence. This is because 80 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
DEATH-RATES IN NEW YORE CITY
Rorough. Genﬂmhis&t.h- Reldnn& daath.
m rad
43] [£3) @)
Manha.ttm o032 20.30
Bronx 20.20 17.68
Brooklyn 15.98 20.04
neens 20,71 20.98
ichmond 25.13 18.98

On the basis of the gross death-rate Richmond is seen
" to have a death-rate much higher than Manbattan, bus
ite resident, or “ corrected,” rate is lower than that of
Manhattan.

At the end of & year & preliminary death-rate is often
computed and published, Afterwards delayed reporis of
deaths are reccived and this necessitates a correction. The
term ° corrected 7’ 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 desth-rate’ has been used by
sOme writers s synonymous with the * standardized death-
rate,” deseribed on page 292, This use of the term is
unfoertunate and should be avoided.

Properly the word * corrested ' should be applied only
to death-rates in which changes are made in the number of
deaths.



VARIATION IN DEATH-RATES 243

B.evxsed death-rates. — Inasmuch as death-rates are
hased on estimated populations in post-censal years, and as
'these estimates are usually less accurate than intercensal
‘estimates, it is always wise after each new census to ree
‘eompute the death-rates for the preceding intercensal years
if it is found that the new census is different from the
estimated population. Sometimes the vesulting changes
‘are slight, hut they may be considerable. The rates based
on these revised estimates of population should be ealled
“ penised death-rates.”

Variations in death-rates in places of different size, —
Wide fluctuations in the general death-rates from year to
iyear are to be expected in small places. Having a small
population a change of one death in a year may congidar«
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.

". Errorg 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 waa not at all uncommon ten or twenty years
ago for the population of one census to be used year after year
-88 the basis of death-rates, or until a new census was taken;
that is, no intercensal 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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‘they appeared originally in successive annual reports. In
the third column the rates for the same years are given as
published in the annual report for 1915, the rates having
been recornputed.

TABLE 47
DEATH.RATES IN MASSACHUSETTS
As given a gl

vour | coumelyin | SLEL

annual reports. Grecomputed).
{1 @ @)
1005 18.8 16.7
1006 18.9 16,4
1907 18.1 17.2
1908 17.2 16.0
1909 17.0 5.6
1010 16.2 i6.1
1911 15.8 15.8
1912 15.6 i4.9
1913 15.9 14.9
1914 14.5 14.5

Rates for short periods.— The general death-rate is
always computed on the basig of a year.

Strictly speaking the wonthly death-rate would be the
number of deaths oceurring in”the month divided by the
estimated population for the middle of the month; angd the
weekly death-rate would be the number of deaths in 8 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 population the sum of the monthly
rates would not equal the annual rates.

Ii 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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lation estimated for July 1 for all months and weeks of the
same year. Account must be taken, too, of the varying
length of the mounths, and of the fact that a year is not
exactly fifty-two weeks,

To find the death-rate for January we therefore multiply
the number of deaths in January by 28#, and divide by the
estimated population for July 1. For the months of thirty
days the multiplier is 34%; for February it is % in ordi-
pary years, and 3% in leap years.

To find the death-rate for any week in the year we tnul-
tiply the number of deaths in the week by #§% and divide
by the population estimated for July lst.

Birth-rates. — Birth-rates are computed in the same way

-a8 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 iz
born dead, that is if it is a ** still-birth,” it i3 not consid-
ered by statisticians as a buth although the Model Law
requires that a still-birth be reported both as a birth and as
g death in order to have the desired facts placed on file.
‘When making up statistical tables, tables of births should
include only living births, Btill-births should be placed in
& 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 remermbered also that hirth registration is ususlly
less complete than the registration of deaths.

Relations between Birth-rates and death-rates, — The
relations which exist between general birth-rates and gen-
eral death-rates are very complicated. It is eagy to say that
because of a naturally high infant mortality, which until °
recently has seldorn been less than 10 per cent and which in
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- gome countries i8 more than 25 per cent, the birth of many
children means many deaths and hence a high birth-rate
means & high death-rate. To a certain extent this is true.
It is true for a sudden increase in the birth-rate and its
«effect 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 a8 few years become
ohildren 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
after 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

thése 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 age composition of the people influences
both the given birth-rate and the general death-rate.
 QOne cannot think clearly on this subject without cutting
loose 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 inerenge 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 toJfollow the statis-
tical principle of comparing things which are logically com-
parable we shall compute other ratios, such as that between
births and women of child bearing age and that between
births and married women of child bearing age, and we shall
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separate legitimate from illegitimate births, and take into
account still-births, though always keeping them separate
from living, or true statistical births. -

What are the chief factors which control natelity, that
is, the reproduction of population? The number of mar-
riages; the effective duration of these marriages, that is
the number of years between the age of the bride at marriage
and the natural age when child-bearing ceases; and the fre-
quency with which conception oceurs. The number of
marriages depends upon the 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, eapecially the age of the bride. Obviously if marriage
oceurs late in life the effective duration of marriage is short-
ened. The frequency of conception is said to depend to a
slight. extent upon the infant mortality as & shortening of
_ the period of suckling reduces the child-bearing interval;
but to a considerable extent this is a matter which is, or
may be, controlled by the husband and wife, The number
of still-births also bas an influence on the intervals between
living children, Natality is influenced by other minor
factors such as the frequency of multiple birtha.

Kordsi! and others have attempted to compute tables of
natality, similar to the life tables described in Chapter XV,
. Statistica for Budapest indicated that the age of maximunn

fecundity for females reached its maximumw 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.
1t i understood that these figures are not physiological
limits necessarily, but include social and economical con-
giderations. Late marriages therefore reduce the nuwmber
. 5 1899, Newsholwe, Vital Statigtics, p. 867,
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" of resulting children. Combinations of brides and grooms
of different ages results in different probabilities of births.
The following figures given by Kérosi illustrate this. The
percentages refer to the probability of a birth oceurring in
8 year,

TABLE 48

RELATION OF AGE TO FECUNDITY
Probebility of a birth occurring within s yesr

Foeundity of mothers, Facundity of fathercs,
Age of Ago of mother. Ageol Ape of fnther,
futher. mether,
95 yra, | 30 yra, | 35 yim, 25 yra, | 38 yre. | 46 yra, | 55 yre.
1) @) - ® 4} @) 8 ¢4} & [ty
Per Par Par Par Por Por Per
eunt watat cant et cent cont eent
25-29 36 25 2} 20 49 |
30-34 31 24 20 20-24 43 31 18 |......
8530 v 22 19 20m20 31 27 18 1.....
4044 |...... 1v 14 30-34 a3 24 14 8
4549 {...... 14 il 85-39 |...... 19 i2 7
BO-84 [ 0 ... 1 d0-4d j...... 7 6 3

Nationalities differ considerably in the number of chil-
dren per marriage. For exmraple, 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 recenl years in
most countries the birth-rates have fallen considerably. In

- studying this subject in its social relations, these natural
conditions of fecundity as imfluenced by the age composi-
tion of the people, the age of marriage and the influence
of nationality must be taken into account.

Ilegitimate births. — Children born to unmarried 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 hirth-rate is the ratio between illegitimate
births and the total population expressed in thousands.
The percentage of illegitimacy is sometimes computed, that
i 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 rex 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 distriet, and Whitechapel, a poor
industrial parish.

TABLE 49
BIRTH-RATES IN KENSINGTON AND WHITECHAPEL, :Bor

Birth-rate, Legitimate. Ahegitimmto.

Favom Wixeem
Kon- | White- [ i Ko~ | White-

in
ington. | chapel,| White- lsington.| chapel. | White-
sington. | chape ; i - gto ped Y

n ®) (8) %) [th () )

Par Par
A Per thousand of popula~ ot oonk
er thous
“on, ...l pop ..... 21.8 1300 58 1.21 1.3 G
B Per thousand of women,
aged 15-44 vears........ 61.6 |172.1 | 177 34) 5.4 02

C Per thousand married
women, aged 1544 yesrs [215.4 (328 3 | 53
D Per thousand, unmar-
ried women, aged 1544 |......|...... 4.7 114|138
years.
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We see from this table’ that on the basin of married
women of child-bearing age the birth-rate in the industrial
district of Whitechapel wag only 53 per cent greater than
in the fashionable distriet of Kensington. On the basis of
the general birth-rate or the rate computed for all women
of child-bearing npe 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 paticnalities, of urban and
rural districts, of different atates and cities have resulted
from failure to take the proper ratios as a basis of
study.

TABLE §0
MARRIAGE-RATE, MASSACHUSETTS
Parsons r r N 1

Yeur, 1000 po;‘miﬁn?e Year. Pal% mpmggn?w
1900 17.4 1910 18.2
1901 17.3 1911 18.6
1002 i7.5 1912 17.6
1903 17.9 1933 17.8
1904 16.9 1914 7.9
1905 18.1 1915 17.0
1006 19.5 1916 18.2
1907 20.1 1917 19.8
1908 17.8 1918 14.9
1 16.2 1919 17.9

1920 19.7
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Marriage-rates, - The marriige rate is found by dividing
the number of persons married in a year by the estimated
mid-year population, expressed in thousands. The wed-
dingrate 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.

Divoree in the United States is becoming more and more
important ag a social problem. The conditions are dif.
ferent in different states. In Magsachusetts the data, ob-
tained originally from court records, are published in the
Btate Registration Report. The following figures are from
the report of 1914, .

The divoree-rate, based on an average for five years of
which the census year was the median, has increased ag
follows. '
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TABLE 81
DIVORCE-RATE, MASSACHUSETIS
By five year periods
Median Apur 1017 ggom 163‘63’5’5?:5’?:»
year, pulatmn Hod' population,

(t) 2} 3)
1880 30 P
1890 32 86
1800 47 123
1905 58 153
1910 b6 146
1915 62 156
19200 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

"+ esuse has been as follows:

TABLE 52
CAUSES OF DIVORCE, MASSACHUSETTS, 1900 to 3920
Percentage,
Capn,

Grented o | Granted to
husband. wife.
(1) @) @)

Per cont. | Per cont.

Desertion. ... ... ..., 63.3 42.0
Adultery. ... oo e 26.0 8.2
Cruel and abusive treatment . ... .. ..i.r.. 3.7 31.7
Intoxieation, ... .. oo ini 5.7 12.7
Nuollity of marriage. .. .................cco.o.... 1.1 0.6
Impotency..........cocovuvunn.. .. e 0.2 0.3
Neglect toprovide. ......................... ... 3 4.2
Imprisonment. .. ... . oivi p 0.3

Total.............. e 100.0%, | 100.0%

* Tasw than 0.1 per cont,
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About four out of every five applications for divorce in
Mpaassachusetts are granted. About nine out of ten ave not
contested,

The distribution of divorces according to the duration
of morriage 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 53
DURATION OF MARRIAGES ENDING IN DIVORCE

Duration of Per oot of
marrings. applications.

(1}] @)

0- 6 months 1.0

il “ 1.1

I~4 years 21.2

0 ¢ 31.5

10-19 32.8

20-29 9.8

30 2.6

Total. ... ....... 100.0

In discussions of the divorce problem comparison is
sometimes 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 bagis of his own
reasoning.

The U. 8. Buresu of the Census hag estimated the prob-
ability of divorce! as not less than 1 in 16, and probably 1
in 12. This figure was based on the statistics of 1900, and
means that one marriage in every 16 would probably be ended
by divoree instead of continuing until “ death do us part.”

1 Marriage and Divoree, 1867-1906, Vol, 1, pp, 23, 24
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. This general figure must not be taken too seriously, as it
ineludes all clagses of people living under many different con-
ditions and represeats past rather than present conditions.

Divoree statistics ought to be studied specifically, just as
much a8 births and deaths.

Natural rate of increase, — The difference between the
birth-rate and the death-rate gives the natural rate of
inerease (or deecreage) in population. per 1000 inhabitants,
In the absence of immigration and emigration, and if the
data are correet, the excess of hirths over deaths will cor-
respond with the increase of population as revealed by the
census county. This may be illustrated by the statistics of
Sweden from 1750 to 1900.

TABLE 54
INCREASE OF POPULATION IN SWEDEN

For 100) of population at middle of period.
oar, || v
war. of given y N
(thousands). | Tneronse as shown | Excess of births | uigration (som.
by ootsus. over deathy, ﬁ?ﬁdm‘fﬁﬁu?f”
1} @ @) i) (5)

1750 1781 4.89 8.89 0.00
1760 1926 7.78 8.43 0.67
e 2048 5.92 6.60 0.68
1780 2118 3.71 4.14 0.43 .
1790 2188 3.22 . 4.08 0.81
1800 2347 6.09 7.46 0.97
1810 2396 2.04 2.63 0.59
1820 7.60 7.62 -.08
1830 2888 11.02 11.00 .02
1840 3130 8.52 §.69 0.37
1850 13,39 10.51 0.12
1860 10.38 i1.10 0.74
1870 4169 7.57 11.24 3.67
1880 .05 2.2 3.18
1890 4785 4.69 12.12 7.43
1900 5136 7.13 10.78 3.65
i bo2g 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 bave been considerable. 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 enagble 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 eonstant in all the places and
in all the years which are compared. One naturally asks,
“ Why, if such ig the case, should we compute it at all?”
The answer is that in a general and crude way the gross
rate does show differences in 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. Neveriheless 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 cousult more extended works on the
subject and eompile 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 40 1900. The death.rates and birth-rates
are also shown in Fig. 63. It will be seen that the birth-
rate has had 2 general downward trend for a long time, but
especially during the last fifty years, The death-rate has
fallen more than the birth-rate so that.the natural in-
crease has risen.  Of course, there have been fluctuations
"and some very abnormal rates will be found. As one would
naturally expeet the birth-rate has fluctuated synchro~
nously with the marriage-rate. At Intervals great epi-
demies have oceurred which carried the death-rate far above
the birtb-rate. As a statistical series this diagram is de-
gerving of careful study. The dotted line shows the * mov-
ing average” referved to in Chapter II.
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TABLE 85
MARRIAGE-RATES, BIRTHTRATES. AND DEATH-RATES
Bweden, 1749~1000 (After Sundbiirg)

Mar- | piche | Degth. [Naturs! Mar- | pivh- | Deathi-| Naturaf
Your. | viage | Yo DM | o Tl vear. | age- | TN | TRR VA
o le | e wl® m |l e e w @)
1749 | 17.10| 33.82] 28.13] 5.6
1750 | 18.48] 30.40| 28.83| 9.57() 1780 | 17.06; 35.70; 21.74 13.96
YrE) .| 18.54] BR,G3| 26.18) 13 45} 1781 | 14.66; 33.46| 25.85; 7.91
1752 | 18.52] 35.91| 27.84] 8.57| 1782 | 15.36( 32.05(,27.26, 4.79
1753 | 17.42| 36.12] 24.08] 12,00/ 1783 | 15.08! 30.33| 28.11; 2.22
1754 | 18,001 37,22 26.38) 10,800 1784 1 14,961 31.53| 20.758 1.78
1755 | 18.32) 37.52| 27.38) 10.144] 1786 | 15.64) 31.48 28.30! 3.18
1756 | 17.00) 36.12| 27.66| 8.481 178 { 16.04) 32.89 25.94] 6.95
1757 | 15.94) 32.61 29.92( 2.6 1787 { 15 00| 31 .47 23.95] V.52
1768 | 16.14) 33.42) 32.37| L1.05( 1788 | 15.78| 33.87) 26.68) 7.19
1759 | 10.50] 33.62] 26.27) 7.35{1 1780 | 15.86] 32.01] 33.13{ -1.12
1760 | 19,52 85,701 24.%78) 10,921 1790 | 18.50) 0.43| 30.43 0.05
1761 | 18.88) 84.821 26,800 9,02\ 1791 | 21.68] 32.063) 26.4D| 7.14
1762 | 17.92] 35.08, 31.22| 3.86(] 1792 | 20.02; 36.58; 23.90| 12.48
1763 | 17.28] 84.08 32.90( 2.08|| 1763 | 17.80] 34.39| 24.27) 10.12
1764 | 17,58 34,700 27.24] 7.46(] 1794 | 16.36 33.79) 28.60) 10.19
1766 | 16,300 83.41) 27.68( 5.73|| 1765 | 15.18] 32.04) 27.94] 4.10
1766 | 16.54! 35.36| 25.06] 10.30]! 1706 | 17.24] 34.68) 24.65| 10.03
1767 | 16.54) 35, 361 25.630 0.73) 1707 | 16.88) 34.77] 23.8]1| 10.96
17068 | 16,921 33.61 27170 6.44)) 1708 | 16.58) 33.68] 23.08 10.60
1769 | 16.20] 33.06¢ 27.180 5.91( 1709 | 14.70) 32.02) 25,18 ©.584
1770 | 16.24) 32,98 26.06) 6.92]| 1300 | 14.90] 28.72| 31.48) 0.9
1771 | 18.82) 32.24) 27.°77) 4.47[) 1801 | 14.50{ 30.04) 26.08) 396
1772 | 15.64( 28.89) 37.41] -8.52( 1302 | 15.66{ 31.72 23.71] 8.0l
1773 | 15.52] 25.52 52.45-26.93| 1503 | 16.38; 31.36{ 23.77| 7.59
1774 | 877 34.45) 22.36) 12.001 1804 | 16.14{ 31.00( 24.87] 7.08
1795 | 18,900 35.63] 24.840 10.79]] 1805 | 16.74] 81.78| 23.48| 8.25
1776 | 18.02) 32.92) 22 501 10.42) 1806 | 16.08) 30.75 27.51| 3.4
1777 | 18.14) 33.03| 24 93| 8.12] 1807 [ 15.40! 31.16] 26.22| 5.94
1778 | 18.100 34.82) 26.65] 8,171 1808 | 16.24 34,85 5.54
1779 17.841 36.70) 28 50| 8 204 1800 | 15.62) 26,67 40.04/ 13,37
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TABLE 55
MARRIAGE-RATES, BIRTH-RATES, AND DEATH-RATES
Sweden, 1749-tgoo (After Sundbiirg)

Mar- Birth. aathe Natum! Mar. " he t
T, :E&f" rate, ”mte. Srenas, Year. ‘r'iﬂ”‘tg'.’” ﬁr&h I)mte iﬁ:rmrzl.
(1) 3] [} 4) 5 ) (2} @) 4) 6]
1816 | 21.562) 32.95 31.57{ 1.38 || 1840 | 14.14/ 31.43) 20.35( 11.08
1811 | 21.82) 36.30) 28 61t .40 |1 1841 ! 14 34 20.33 10.42] 10.91
1813 1+ A8 261 33,57 30.97] 3.30 || 15842 | 14.22] 31.65) 21.06] 10 50
1813 | 15.48] 20.74 27.37) 2.37 || 1843 { 14.38! 30.78] 21.45| 9.33
1814 | 15.04: 31.39! 25 07! 6,12 || 1844 | 14.88] 32.15] 20.27) 11.88
1815 1 19,220 34.77) 23.59[11.18 1 1845 | 14.58] 31.45! 18,880 12,62
1816 | 19.60; 35.32 60/112.66 1| 1846 | 13.90) 20.94] 21 8% 8.11
1817 | 16,68 33,401 24.25| 9.15 || 1847 | 13.64) 20.58 23.60¢ 5.80
1818 | 16,920 33.88] 24.37| 9.46 |t 1848 | 14.64) 30.33! 19,68 10.65
1819 { 16 32,00 27.36) 5.63 | 1840 | 15.66) 32.84] 19.84 13.00
1820 | 16.88) 32.97) 24.48) 8.61 I 1850 | 15.18] 31.89 19.79 12.10
1821 1 17.02| 35.44] 25.57) 0.87 | 1831 | 14.720 31.74 20.72 11.02
1822 | 18 58] 35.88| 22 50(13,29 p 1852 | 13.681 30.60! 23.70] 7.90
1823 | 17.98) 36.83) 21.02/15.81 || 1853 | 14.40] 31.37] 23.66/ 7.71
1824 1 17.66] 34.56) 20.77|13.79 i 1854 | 15.38 33.50) 10.76) 13 74
1825 | 17.200 36.48) 20,54115.95 I' 1855 | 15.04] 31.75] 21.45] 10.30
1826 | 16.16) 34,84 22.61112.23 || 1856 | 14.88 21.47) 21.771 90.70
1827 | 14, 44! 31.30+ 23.05) 8,25 ) 1857 ! 15.50) 32, 43| 27.58) 4.85
1828 | 15.82| 83.61) 26,74 6.87 ! 1838 | 16.22| 34.77! 21 .60 13.08
1820 | 15.82| 34.85) 26.971 5,88 |y 1850 | 16.566] 34,091 20.13) 14.86
i 15.46| 32.91) 24 08! 8.83 || 1860 | 15.60; 34.83) 17.65| 17.18
1831 | 13,801 30.49) 26,00 4,49 { 1861 ( 14.54) 32.57/ 18.47] 14.10

14 380 30.86) 23,38 7. 48 1! 1862 | 14.52) 33.38 21 .40 11.98
1833 | 15.66] 34.11 21.7412.57 || 1963 | 14.52) 33.62f 19.33! 14.20
1834 | 16.02| 33.74 25.68 8.06 || 1864 | 13.96) 33.61) 20.25| 13.36
1885 ) 15.00! 32.67] 18.56/14.12 || 1865 | 14.14( 32.81] 19.36) 13.45
1836 | 14.34{ 31.84) 1097111 87 1866 | 13.44( 33,11 10,08/ 13.13
1837 | 13.80) 30.84| 24,65 6.19 !} 1867 | 12.18] 30.83( 19.64( 11.10
1888 | 12,18 20.37] 24,101 5.27 |} 1868 | 10.92) 27.47! 20.98] 6.49
1839 | 13.54] 20,480 23,560 5.03 1 1860 | 11.28) 28.25 22.97] 5.98

|
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TABLE 56

MARRIAGE-RATES, BIRTH-RATES, AND DEATH-RATES
Sweden, 1749~1000 (After Sundbérg)
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28.78
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17.65

12.30
12.14
11.92
11.56
11.70
11,70
12.26
12.42
12.24
11,94

12.06
11.76

11.86,
11.64
11.66
1222
12.30

13.84
14.68

9.51
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B 23kssk

e

1 Year of inflyensza epideraic.
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Downward trend in birth-rates and deathwrates, —
For nearly balf a century there has been a general down-
ward trend in the birth-rates and death-rates of almost all
civilizéd countries. Theve is sgpace here for only a few
figures which represent averages for quinquennial periods.
They are taken from the reports of the Registrar-General
of England.

TABLE 56
CHRONOLOGICAL CHANGES 1IN VITAL RATES
Country. Quinquennisl avorages.
18816 | 1886-00| 16018 | 1808-00 | 100L-5 | 1906-10 | A¢1i-18
(1} (&) 3} D &) &) [t3) {8)
Birth-rates.
~ England and Wales | 83,6 | 81.4 | 30,6 | 20.8 | 28.1 | 26.3 | 28.6
Germany 370365363 (3603483327 ....
France 24.7123.11223121.9121.2(19.9
Hungary 44.6 | 43.7 | 41.7 [ 39.4 | 37.2 | 37.0
Deatharates,
England and Wales | 19.4 | 18.9 | 18.7 | 17.7 | 16.0 | 14.7 | 14.3
Germany 6324412331212 1109117510 ...
France 22,21 22.0,22.8120.7(19.6|19.2
Hungary 3511821 1831.8]27.9]26.2 |25
Tates of natural inercase,
England and Wales | 14,1 | 12,6 | 1.8 11.6 | 12.1 | 11.6 | 9.3
(Germany nm7112.1 (1301481441521 ...
France 26 1.1} 00 L2) L6} 07
Hungary nslirte] 99/ s 01207 ...

- Tn most eountries the natural rate of increase tends to
lie between the limits of 8 and 14 per 1000, 7.¢., between
0.8 and 1.4 per cent, but sometimes it mns above 1.4 per
cent or below 0.8 per cent per year. France is an exanple of
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an extremely low rate of natural increase. In Germany both
the birth-rates and death-rates have been higher than in
z'Engla.nd In Hungary both rates 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 countriea
have been lower and the death-rates higher than before.
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Fia. 64. -~ Estimated Death-rates and Populations, Magsachu-
setts, 1900-1510.

Variations due to population estimates. — Some of the
variations 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 Massschusetts from 1900 to 1810, based on the following

data:?
1 Registration Report, 1914, p. 176.
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TABLE 57
DEATH-RATES: MASSACHUSETTS
Year, Population, Eloaths. ‘ Lreath-rates,
- @) ‘ @ )
1900 | 2,805,846 (census) 51,156 18.2
1901 | 2840047 48,075 16.9
1902 | 2.889.386 4T AP1 6.4
1003 | 2920725 49,054 16.7
1904 | 2/970,064 g 16.3
1905 | 3,016,872 (census) 50,486 6.7
1906 | 3,089,029 50,624 16.4
1907 | 3162186 54, 17.2
1908 | 3935343 51,788 16.0
1909 | 3,308,500 51,236 15.5
1910 | 8,380,164 (census) 54,407 161

The upper diagram shows the estimated population as
o, uniform change from 1900 to 1905 and again from 1905 to
1910. The death-rates computed from the actual deaths
and estimated populations are seen to vary irregularly.
But suppose we assume that the changes in denth-rates
between 1900 and 1905 and 1005 and 1910 are uniform.
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 reasonable?

There is no way of telling exactly how much of the in-
crease or deerease 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 1620. 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 oumber of years after a period of depression. Since
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1802 the death.rate bas 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 desth-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 as 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
- geasonally. There are several ways in which this may be
shown. The following figures are for the state of Massgs~
chusetts for the year 1920,

TABLE 5%
MONTHELY DEATH-RATES: MASSACHUSETTS, 1820
Month, Rate, uﬁrﬁ;g'

() @) 3}
Jan. 16,80 13
Feb. 24 %) 180
Mar. 16.65 120
Apr, 14.85 104
May 13.23 9%
June 11.83 ' 82
July 10.36 4
Aug. 11.15 80
Sept. 11.82 85
Qet., 11.97 86
Nov. 12.39 89
Dee. 13.14 05
Year 13.90 100
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. Monthly rates vary considerably from year to year in
the same place and are different for different places.
fimatic conditions have an influence on these short term
rates, The chance occurrence of communicable diseases
also has its effect. Weekly rates fluctuste even more
widely than monthly rates, and daily rates & fortors.

The student. should compute and study monthly rates
for places where the climatic conditions are different.
. Marriage-rates in Massachusetts. — Marriage-rates rise
and fall 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 popular monthg
- for weddings. :
© In 1920 the Masgsachusetts marriage-rate for the year was
. 19.7; in June it was 388, in October, 26,4, but in March
" only 7.4. There were five times as many weddings in June

88 in March.

. Bince 1870 the median martiage-rate in Massachuseits

has 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 nearly fifty years was during
1871 and 1872, when it was 21.1 per thousand,

The published statisties of marriages generally inchide
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 previous state of the persons
wed (whether bachelors, maids, widowers, or widows).

Divorce-rate in Massachusetts. — In 1920 the number
of persons divorced was 1.89 per 1000 population; 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 cover
the entire population, both sexes, all ages and nationali-
ties, all ocoupations, all causes of death, while the estimates

- of population are often inaccurate. Fluctuations from year
to year depend in part on the size of the population, in part
upon the eomposition of the population, as well as upon
causes of death. Under thege conditions it is evident that
they cannot be sufely 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 & waver anaiysis gives the chernist
almost no idea of the quality of the water: it is necessary to
separate the * solids " into their constituent parts, In the
same way 6 general death-rate must be broken up into ite
constituent parts. At the present time the analysis of
death-rates i practiced but little. Death-rate analysis
today is in about the same condition that water analysis
was in fifty years ago.

The necessary analysis cannol 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 and
deaths. U 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 thé component parts of a population.
For example, in New York State in 1918 the vital index for

100 (Births of whites of native parents)

Deaths of all native whites
! g, cit.

the native whites, i.e.



THE BIRTH-DEATH RATIO 269

was only 82.1; but the vital index for the foreign-born, i.e,
100 (Births of whites, both parents foreign)

' Deaths of foreign-born whites was 176.3. In
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,

" TABLE b9
VITAL INDICES, 1918
|| i | e
Total population 118.8 161.8 93,7
Tban... ... cviviinianns 3.2 166.9 66,8
Rueal. ... . .. .. ........ i44.8 118.8 118.4

These figures speak for themselves. 'The data for the differ~
ent parts of the country are striking, as the following figures
for 1917 show.

TABLE 60
VITAL INDICES, 1o17
Maasachusetts, Vermont,
Native Faveign Nutive Foraign
whites. {born schites,) TR0, T e Ibum whites,| T eEroe.
Total,,...,. B35 239.8 118.3 144 4 137.3 116
n.. ... 0.1 240.5 L3 U 147.8 1009
...... bl 207.4 128.4 114.3 184,7 135,00
Wiseonain. North Carolina,
Native Foteign Native Forel,
whites.  Tborn whites.| TeG108. whites, barnw ton,| TEETOOR,
...... 231.5 89.8 4 2854 108.3 173 1
Urban. .,.. 178.4 142.2 75.0 148.9 [
Ruwal, ..... 286.0 57.8 3r.1 2668.8 100.3 1!10 J
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In New England and New York the native population
is not reproducing itself; and practically everywhere the
foreign-born population is showing o 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 offepring. This mixing takes place to a
greater extent among the American-born than among the
foreign-born, He gays that to bring about Americaniza-
tion what Iy necessary is to break up the sepregation of
foreigners. “ Give the foreign elements a chance to meet
and really know the native population and the melting pot
‘promptly beging to seethe and bubble.”

The ideal death-rate. — Ig 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
apd all wust 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 inereasing ratio of persons in the young and
wmiddle-aged groups. This conditton 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
this will raise {he general death-rate.

Unless public health officials learn how to view general
death-rates in a proper light — o good way being not o
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view them at all — they may be surprised and discouraged
gome day to find that the death-rate is rising, '

The CGreat War in a most horrible and pitiful way cut
out a Jarge number of malex in the middle-aged groups in
many countries, Temporarily this will inerease the gen-
eral death-rate, On the other hand these young men will
pot live to enter the old-age groups where the specifie
death-rates are high, What effeci will this have on the
future trend of the death-rate? What effect will it bave 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 ease if there should be more babies and more
grandfathers and grandmothers, To answer the ques-
tion a8 to what is the lowest practicable death-rate we
must first decide what is an ideal distribution of popula-
‘tion a3 to age and sex, and then consider what disesses at
the different ages we ¢an reasonably expect to eliminate.
It is an interesting problem for thought and discussion,
but one upon which no two people are likely to agree,

EXERCISES AND QUESTIONS

1. Plot the general death-rates of Massachusetts by vears from 1850
to date. Counect the points with straight lines, Then draw straight
lines connecting the desth-rates for the years divisible by ten. Why is
the resulting curve so regular? Connect the points for years ending in
9. Why is the resulting curve so irreguinr? ’

2. Compare the published statistica for tuberculosis ay given by
local, state and federal authorities. Explain the differences.  [See Am.
4. P H, May 1013, p. 431.]

8. Compute the following death-rates, carrying the results only as
far as accuracy warrants.
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-

Populatinn Deaths por year
5,461,200 70,210
261,500 2,913
85,000 421
5,260 098
897 17

4. How does the marriage-tate ordinarily compare with the ratic
of marriages to persons eligible to marriage (bachelors, spinsters, wid.
owers, widows and divoreed persons, all of marriageable age)? [News-
holme’s  Vital Statistics,” p. 58.]

8. How do the marriage-rates in cities compare with those in rural
districts? )

6 Is the marriagerate a reliable “ harometer of prosperity,” as
Dr. Fary called it?

7. What effect has war on the martiage-rate?

8. What proportion of marrisges are remarriages?

9, Are remarriages more cornmon among widowers or widows?

10. Prepare s table showing the marriage state (single, married, -
widowed, divoreed) of the population of some civil division for each
gex and for different age-groups above age fifteen. [Consult census
reports.|

11, At what ages do people in different social positions marry?

12. What changes, if any, have taken place in the age of marriage
smong people of different soclal position during recent years?

18. How do the general birth-rates for urban and rural districts
compare with each other?

14, How do the birth-rates for urban and rural districts compare
with each other if based on the number of married women of child-
bearing age?

16, What relation is there between birth-rates based on married
women of child-bearing sge and the socinl pogition of these wornen?

16. What relation is there between the birth-rate thus computed
andd the age of mardage?

17. What influence has war on the general birth-rate?
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18, What influence has national prosperity on fecundity?

19, How do the general birth-rates eompare for different political
eountries, sueh ag England, Ireland, France, Germany, Austria, Bel-
glum, ete. _

20, How do the birth-rates for different nationalities in the United

States compare with esch other?
21. How does the birth-rate for the Irish in Ireland compare with

that of the Irish in Massachusetts?

%2, How do the birth-rates among Catholics compare with that
among Protestants? Consult the statistics of Canada, especially the
provinees of Ontario and Quebec.

28, What is the ratio of males to females among births?

- 24, What iz the ratio of males to females among still-births?
26, What is the ratio of rales to females among illegitimate birthe?



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; diseases differ]in their fatality;
persons of different age differ in susceptibility to disease;
sex, nationality, connubial ¢ondition 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 than a year, and compute the rate for a4 month
or & week and thus obtain & partial rate or a short-term
rate ag described in the previous chapter. This, however,
is not usually classed as a specifie rate.

We may restrict the computation to a special class or
group of the population; that is, we may take into account
only males or only females and compute the death-rate
for them alone. These would be specific death-rates by
sex. We may consider each age-group by itself and find
the death-rate for it alome. This would be to compute’
gpecific death-rates by age-groups. Or we may take only
persons of the same nationality or oceupation and com-
pute specific death-rates for them.

274
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Again we may consider separately the different causes of
death, and compute specific death-rates for tuberculosis,
for searlet {ever, or for cancer,

Finally we may consider particular diseases and at the
game time restrict the computation to certain clagses or
groups of people; thus we mey compute the “ typhoid
fever death-rate for males in age group 15-19 vears.”

It has been suggested that these various modes of re-
striction might be designated by such expressions as
“pgpecial”’ death-rates, *‘ particular” rates, “limited” rates,
ete., but apparently the common expression * specific”
death-rate gerves every useful purpose.

It is the purpose of the present chapter to deseribe the
methods of computing specific rates and to call attention
to their importance. It i not too much to say that an
understanding of specific rates 18 the key to the interpretation
of wial 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 humnan life has been divided into age -
periods in many different ways. Shakespeare! vividly
deseribes the seven ages of man.

Jagues:  All the world’s a stage,

And all the men and women merely players:
They have their exits and their entrances;
And each man in his time plays many parts,
His acts being seven ages. At firsh, the infand,
Mewling and puking in the nurse’s arms;
Then the whining school-boy, with his satchel
And shining morning face, ereeping like anail
Unwillingly to school; and then the lover,
Highing like furnace, with a woeful baliad
Madde to his mistress’ eyebrow; then a soldier,
Full of strange oaths and bearded like the pard,

1 Jacpues in Ar You Idke It, Act 1T, Soene VI,
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Jealous in honour, sudden snd quick in quarrel,
Becking the bubhle reputation

Even in the cannon’s mouth; and then the justice,
In fair round bely with good capon lin’d,

With eyos severe and beard of formal cat,

Full of wise saws and modern instances;

And so he plays his part; the sixth age shifts
Into the lean and slipper’d pantaloon,

With speetacles on nose and pouch on side,

His youthful hose well sav’'d, s world too wide
For his shrunk shank; and his big manly voice,
Turning again toward childish treble, pipes

And whistles in bis sound; last scene of all,

That enda this strange eventful history,

Is zecond childishiess and mere oblivion,

Bans tecth, sans eyes, sans taste, sans every thing.

Just where to draw the age lines between Shakespeare's
soven aged Is a most difficult matier 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 distinet states may be recog-
nized — the pre-natal state, infaney, childbood, 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 lairly well marked,
The later groups are more indistinet. He would be a bold
person who would undertake to establish an age linit for
senility. Every one knows what was said about Dr.
Osler when he attempted to do something of that sori. In
Fig. 66 the biblical limit of * three score years and ten ™"
has been nsed. The author believes that he may safely
hide behind that. The division between childhood and
youth in boys i perhaps not quite the same as the division
. between childhood and maldenhood in girls.

From the standpoint of environment there are several
fairly dist_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 ag 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 hag analyzed the curve which shows the
age distribution of deaths in an interesting way. He con-
cludes that there are five groups of diseases, those of in-
faney, childhood, youth, middle age and old age. All of
these extend over wide limits, but culminate at the ages
shown in Fig. 66. One may die of an old sge 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 disgram we see the éurve 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 elimates,
There are differences, of course, but over all the other
factors which influence death, age predominates. This
eurve, it should be obsgerved, is based on deaths from all
causes, It would not necessarily apply to particular diseases,
t The gtudent should study this curve of specific death-
rates decording to age until he ean reproduce it with ap-
proximate aceuracy from memory.

Vision of Mirza. — Those who do not enjoy studying
statistice may appreciate the following paragrapb taken
from Addison’s “ Vision of Mirza.”

“The bridge thou seest, said he, i8 Human Life; c¢on-
sider it attentively. Upon a more leisurely survey of i,
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1 found that it consisted of threescore and ten entire arches,

with several broken arches, which, added to those that were
enfire, maade up the number ebout an hundred. As I was
counting the arches, the Genius told me that this bridge
congisted at first of & thousand arches; but that a great flopd
gwept away the rest, and left the bridgo in the ruinous con~
dition I now beheld it. Bui tell me further, said he,
what thou discoverest on it. I see multitudes of people
passing over it, said I, and & black cloud hanging on each
end of it. As T looked more attentively, I saw several of
the pasgengers 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 bidden pit-falls
were set very thick at the entrance of the bridge, so that
throngs of people no sooner break through the e¢loud, but
many of them fell into them. They grew fhinner lowards
the middle, but multiptied and 1aid closer together towards
the end of the srches 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 arches, but
fell through 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
ihe 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 quantitics are known the progess is
mersly arithmetionl,
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Ezample: — Given the following data for New Bouth
Wales, 1901 (Columns 1, 2, 3).

TABLE 61
Age-group, Populstion. Deaths, Specific desth:
1} (2) [63] [£)]
0-1 40,500 5,234 79.9
1-19 704,000 1,960 2.8
20~39 514,900 2,251 4.4
4059 266,600 2,065 11.6
60- 9,800 5, 60.1
Total 1,605,500 15,810 9.8

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 for age-
group 20~39 is 2251 + 518 = 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.¢., 15810 + 16058 = 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-censal years has been already described. This may
involve a redistribution of the population from those given
in the census to those corresponding to the death statistios.

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
cases be unreliable,

Specific death-rates by ages for males and females, —
Looking at the two curves for the specific death-rates of
maleg 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 4 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 obfained.

TABLE 82
PER CENT BY WHICH THE SPECIFIC DEATH-RATES FOR

MALES EXCEEDED THOSE FOR FEMALES IR VARIOUS
AGE INTERVALS

(Based on the original registration states; population in 1910, and
deaths in 1909, 1910 and 1911},

Ago intorval. {ap]fr?);fjlﬂa). Age interval, f&pggﬁa’::‘ﬁ%
Q) @) @ 4}
81 2 55-56 1
56 & 60-61 19

g 4 ) ER) &
20-21 15 7576 12
25-28 & 80-81 8
30-31 10 8576 7
B8 s
45-48 27 100-101 3
5061 23

In infancy the death-rate for males exceeds that for
females by 20 per cent. Betweon 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 beging to excead 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 mnch alike. 1t
must be remembered that these figures are for a certain

' The exror of population due to concentration on round numbers
probably accounts for some of these differences.
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limited area and for a short interval of time and for a par+
ticular composition of people with respect to nationality,
birth-rate, and so on. They are to be regarded merely as
jHustrative 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 aceording 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 vears 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 {emales 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, Willeox, of Cornell University, has
computed the [ollowing specific death-rates for New York
State, the cities of New York and Buffalo excluded, for
1909-1911, arrapnged by age-groups and by clagses corre-
sponding to marital condition, as follows:

TABLE 63

SPECIFIC DEATH-RATES ACCORDING TO AGE AND
MARITAL CONDITIONS, NEW YOREK, 1808-11

Monlea, * Fomalas.
Agn-group.
Hingle, Marrind, ‘gm‘;‘:ﬁd‘" Bingle, Murried, ﬁ%mw
¢4 &)} [&)] [C)] [C]] ) N
20-29 6.6 4.3 12.0 4.7 57 9.4
3030 12.9 5.9 14.1 7.4 6.3 9.5
40-49 19.5 9.5 17.3 10.0 8.2 12.1
50-54 287 17.0 30.5 19.9 14.5 13.8
80-69 §L.0 31.9 48 .6 7.1 281 38.2
2079 101.4 2.7 06.0 82.2 61.4 87.2
80~ 204 .2 205.1 313.7 279.8 104.8 260.8
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Among the theories suggested in explanation of these
differences iz the effect of leading a better supervised and
more restrained life among married persons, the better
economic conditiong of the married, the effeet of marriage
selection and the effect of the marriage relation itself.

Nationality and specific 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 i§ due to racial difference and how much is due to
environmental conditions; that is, it is hard to separate
the physiological from the soecjal and economic factors.
Practically, however, these factors must be considered
together in discussing 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 Table 64, taken from Professor Glover's re-
port, will show this.

The figures in this table are carried to an uunnecessary
degree of precigion so far as this particular point is concerned
and in the ¢ase of the advanced ages for negroes probably
not even the whole numbers are accurate. The rate for
mele negroes is alinost double that for male whites up to
the age of sixty or thereabouts; above eighty the rate for
negroes is lower than for whites, Substantially the same
relations hold for white and colored females.

It should be noticed that in these various comparisons
the effect of age ie & factor which must never be left out of
acoount,
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7 TABLE 64 .
SPECIFIC DEATH-RATES FOR WHITE AND REGRO MALES
United States, Original Registration States, 1gro

Ratea per 1000,
Age interval.
White. Negro.

(1) (2} &
-1 123.26 219.35
i S 4,71 8.56
10-11 2.38 5.02
15-16 2.83 7.87
20-21 4.80 11,96
25~26 5.54 12.28
3031 6.60 14 .98
3536 8,52 17.28
4041 10,22 21.03
45-46 12, 64 23.99
551 15.53 31.42
5356 21.80 30.50
60-61 80.75 50.79
666 43.79 64.33
70-71 62.14 83 .08
7576 9253 11277
8)-81 135.75 131.27
85-86 191.11 179.82
90-91 26517 201.01
95-06 324.86 227.76
100-101 427. 46 336.29

Effect of the age composition of a population on the
death-rate. — It is evident also, from our acquired knowl-
odge of specific death-rates, that the general deathsrates 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,
t.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 65

EFFECT OF AGE COMPOSITION OF POPULATION ON
THE GENERAL DEATH-RATE

. Computed
Populstion, dpecific Computed denths. death-rates
Age. denth-rate por 1000,
per 1004,

A B A B A B

{n @) (€] (1) {85} {6) (] (83
-4 10,000 20,000 25 250 500
559 | 35,000 24,000 10 360 200
6079 5,000 10,000 60 300 600

Total | 50,000 50,000 900 1300 13 26

In B, & place with a large number of c¢hildren and old
peaple, the rate is 26 per 1000, while in 4, a place 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 rveport of the U. 5. Becretary 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 1%.41. The ob-
vious inference was that the mortality in the army com-
pared favorably with the mortalities 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 betwesn 20 and 40 years of
age in the United States, the vsual death-rate for which is
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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.

I 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 10-19 years and 65 years
and over. The reason for Chicago's lower rate was becanse
there were relatively more people in Chicago at those
middle ages where the specific death-rates are naturally
low.

TABLE @
COMPARISON OF DEATH-RATES IN CAMBRIDGE, MASS.,
AND CHICAGO
Per vond of posulation in | o . b
. uge-groups. Both setes. SBpeeilie d‘;??yﬁ?w por 1000,
Aga in yeurs. 1010,
Cumbridge. Clhicagus, Cambyidge, Chiengo.
1 (2) 3) €8] (5)
Under § 10.3 10,2 9.1 30.5
59 9.1 8.8 4.3 4.7
10-14 8.5 8.6 3.6 2.6
15-19 8.5 9.6 4.6 3.7
20-24 9.9 11.5 3.8 5.3
25-34 18.2 19.7 5.5 6.9
3b-44 15.0 14.56 9.0 11.4
4554 15.0 9.6 16.0 16.3
664 | ..., 4.5 2.4 36.1
8574 4.5 2.0 64.0 63.6
75 and over (in-
cluding anknown) | ........ 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 heen
analyzed.
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Effect of race composition on death-rates, — If differ-
ent races have 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 Washington it
was 18,7; in New Orleans, 204, The death-rate for the
whité population in Washington, however, was only 15.5
and in New Orleans only 16.6. Even these figures are
not strictly eomparable as they do not take into sccount
age distribution.

Changes in specific death-rates through long periods. -
We have seen thai the general, or gross, death-rates have
been falling for a long time, Are the same changes oceur
ring in the specific death-rates at different ages and for dif-
ferent classes of the population? This is & most important
question.  If we ean answer it we shall have come close to
meaguring the effect of our sanitary, hygienic and med-
ical improvements during recent years. Far too little
effort has been made to compile statisties 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. 8. Mortality
Btatisties by the Burean of the Census and recast to make
the age-groups correspond.
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TABLE 67
SPECIFIC DEATH-RATES, BOTH SEXES, FOR BOSTON

Age inton Rato pac 1000,
val,
1830, 1011,
48] {2y {3)
{approxitmate)
-1 ] 181
I S I 17
0-5 153 20 i N
50 8.1 4
10-14 5.5 2.4
15-19 4.9 4
20-29 10.4 6
30-39 20.1 10
4040 2.4 15
H0-64 20.3 7
60-69 45.8 62
70-79 92.4 102
8089 1821 | ...,
90~ 3214 | ...,

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 reduetion was as much as one
half. In 1898 Dr. Samuel W. Abbott, then Secretary of
the Massachusetts State Board of Health, computed a life
table for the Btate! for the years 1893-7 in which the spe-
cific death-rates were given for certain age-groups, It is
interesting to compare these with the figures given for
‘Massachusetts in the U, 8. Life Tables for 1910.

* Apn. Rept, 1898, p. 810,



288 SPECIFIC DEATH-RATES

TABLE 68
SPECIFIC DEATH-RATES FOR MASSACHUSETTS
Rn.t; s%:?mw Ra.telm 1000
Age-group. Agemgroup,

Mnlos. Fomnales, Males, Famalow,
) (2) 3) ) (5} (3]
04 60.12 52.23
59 5.69 5.82 7-8 3.37 3.13
10-14 3.11 3.40 1213 2.7 2.05
1518 5,429 5.68 1718 3.43 3.17
20-24 7.48 7.32 22-23 5.16 4.30
2634 9.33 8.78 30-31 6.60 5.97
3544 11,14 10.74 40-41 10.00 8,14
4554 168.67 14,88 5051 16.05 12,58
5564 30.42 26,00 6061 33.16 27.03
65-74 89,67 51.37 70-71 67.91 56,47
T5-84 116.20 9%, 88 80-21 137.43 | 123.49
8504 223.50 | 184.81 90-91, 25153 | 24490
05~ 429 .20 367.07 100-101 483.90 | 892.91

[ ]

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. Tt 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 tme,

If we should make similar comparisons of specific denth-
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 reagons for this reduction? Un-
doubtedly improved sanitary and hygienie conditions,
advances in medical and surgical science and the arts of
preventive medicine have tended to reduce the number of
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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 discussed of late, namely an increasge 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 he called the
fallacy of concealed classifieation. 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 clussifying the
employees of the city of Boston or New York by occupation
we distinguish between policemen and street cleaners, we
might find that we had concealed a clagsification by nation-
ality, the street cleaners being Ttalians and the policemen
Irishmen. Similarly in classifying railroad employees into
conductors and brakemen, we might conceal age differences,
and under the class of Pullman porters we might conceal a
nationality difference. When we consider stenographers as
a separate class we conceal 2 classification by sex, These
concealed classifications and groupings are sometimes very
illusive; they ereep into our statistics unawares and upset
what might otherwise be sound reasoning, Illpstrations
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 best way is to ¢ompare
age with age, sex with sex, nationality with nationality, 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 many figures,
Hence there hag always been a fasoination in combining these
figures so as to obtain a single figure which may be regarded
ag an index of mortality. There are at least two ways of do-
ing this. If there were such a thing as a standard population
— gnd geveral 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 rales 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 obiain figures for
the death-rates which could be compared with some depree
of justice.

When general death-rates are adjusted to a standard
population in this way the results are called “ Stondardized
death-rales.” Bometimes they have been referred to as
“gorrected ”’ death-rates, but this is a poor use of the word,
for the process is not one of correcting errors or mistakes and
the final result 18 not * correct,” for it does not take into
account all differences in population. Nor is the expression
“ gtandardized ” a good one, beeause it is not the death-
rate which is standardized, but only the population, A
better term is “ Death-rates adjusted to a Standard Pop-
ulation.”

In the annual report of the Massachusetis State Board
of Health for 1902 may be found another method of ¢ cor-
recting ” death-rates, used by Dr. Samuel W. Abbott. He
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‘took as a standard the specific death-rates of Massachusetis

by age and sex. He then applied these to the age and sex
groups of the cities of the state, to obtain what he calied the
gtandard 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 oune
for general adoption, because it would be hard to decide on
s standard of specific death-rates.

Avother way of using specific death-rates is that of con-
structing what are called life tables. These will be de-

. seribed in Chapter XV,

But the best way 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 infani 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-rates are more usable
than general death-rates, we should malke 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 differences only will be considered. The
-data required are (a) the number of deaths by age-groups .
in the given place; (b) the number of persons living at
mid-year in the corvesponding 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 must be
decided upon. Let us take first a simple case, that is, one
where there are only a few groups.

On page 278 weare given data for New South Wales, from
which the gpecific 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 ig given in
column (3) of Table 69. For age-group 1-19 years the spe-
cific rate wag 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
each group of the standard thousand of population, and
their sum js 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-rate, which was only
9,85,

TABLE 69
ADJUSTED DEATH-RATE FOR NEW SOUTH WALES, ot
i . uted
Auemgromn i | poutution, | it | desthoite | dsbution Idmﬁ‘ per,
' N Yoar. per 1000, per 10, Wpu[mmn

[(}} (2} )] ) (5) ®

-1 40,500, 3,234 70.88 25.5 3.4
1-19 704, 000 1,960 2.78 398.0 1.11
20-39 51490!3 2,251 4.87 269.6 1.18
40-59 256600 2,965 11.56 192.3 2.22
60 and over 89 500 5400 | 60.13 114.6 6.89
Total 1,605,800 15,510 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
vhe assumed standard population,
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TABLE 70

COMPARISON OF POPULATION DISTRIBUTION OF NEW
SOUTH WALES WITH THAT OF SWEDEN IN 1890

New South Wales, Hweden.

Age-group. .

Nursher. Per thonand. Per thousand.
(1) 2) 3} )

0-1 40,500 24.9 25.5
118 70'&,00() 439.0 308.0
30-30 514,900 320.0 269.6
40--59 256 600 160.5 192.3
60-- 89,800 56.6 114.6
All Ages 1,605,800 1000.0 1000.0

Kt 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 an extreme case, but
characteristic of & new population built up by immigration.

Let ug now take a mare complicated situation.

In 1914 there were 1452 deaths in Cambridge,! Masa.,
distributed by age as follows:

TABLE 71
DISTRIBUTION OF DEATHS: CAMBRIDGE, MASS., 1914

v PNl age | Numl o oawe | Yemo |l ap | N

ny @ (1) ) ) 2} n (2)

0-1] [ [243) || 20-24 43 45-49 90 70-74 110
0-5 | 340 25-20 44 50-64 83 7579 72
59 20 30-34 62 55-59 73 80-84 66

1014 26 3639 48 60-64 | 107 8559 33

15-19 33 4044 56 65-69 | 109 m lg

1) 8 Mortality Statistics, 1914, p. 264.
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The Btandard Million' 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 1814 in each of these groups. There was no
census in Cambridge in 1914, but in 1910 the population
was 104,889, in 1900 it was 91,886. The estimated popu~
lation July 1, 1014, was 110,357. In 1910 the age distri-
bution of the people of Cambridge was given by the census,
It was as follows (columns 1, 2 and 3): _

TABLE 72
PERSONS LESS THAN STATED AGE: CAMBRIDGE, MASS,
o | dmomme | een | Cminatre
) ) ) 6] 1)
1 2,323 2.3 2,430
5 10,802 10.4 11,300
10 A€,273 19.4 21,400
15 29,1685 279 30,800
20 37,006 36 .4 40,200
25 47, 46.4 51,200
35 66,678 64.6 70,500
45 82,404 70 6 '000
65 099,136 05 .6 105,700
100 104,778 99 .4 110,280
Unknown 1 0.6 K
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

' Bee p. 192,
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desired age-grouping as described on p. 183, In this way
-the figures in column (2) of the following table were ob-
tained: _
TABLE 73
. ADJUSTED DEATH-RATES FOR CAMBRIDGE, MASS.

Estimated :
e Nnmber of |  Sperific Standard
Agezroup, mp”}%&‘f“ M1 deathy in | death-rate [age distribution Computed
(spproximats). 1914, per 1000. por 1000, .

-
&
—

n @ (£ (] {5}

04 11,500 30 | 295 114,262 $.380

59 9,000 20 | 2.0 107.209 0.217
10-14 9,400 26 | 276 | 102.735 0.284
15-19 9,400 33 3.51 90.706 0.350
20-24 11,000 43 |. 8.0t 95.946 0.374
25-34 19,200 111 578 181.579 0.935
35-44 17,400 14 | 6.58 122,840 0.80%
4554 11,600 178 | 14.9 B 292 1.330
55-64 5 180 | 31.1 50,741 1.856
6674 3100 219 | 706 33.080 2.330
76 2100 193 | o1, . 18.581 1,246
Total |~ 110,400 1358 | 18718 11000 060 3105

From columns (2) and (3) the specific death-rates are
obtained (columa 4), and these applied to the standard
age distribution (column 8) give the number of computed
deaths in each age-group (column 6). Their sum gives
13.1, which is the death-rate adjusted to the standard
age distribution. We have done all this work to get a
result which differs but fraetionally from the general, or
erude death-rate, i.e., 13.16. Not worth while? Yes, it
is if we are to use a death-rate at all. It was only because
the age distribution of the Cambridge populatior happened
10 be so near that of the standard million that the two
death-rates came 80 close together. In another case the
resalt might be very different.
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A fair eriticism 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. (8chool of
Public Health, -Harvard University and Mass. Inst. of
‘Tech.), investigated this gubject of grouping and eoncluded
‘that seven properly selected groups would give resulis
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
possible,
TABLE 74
COMPUTED DEATH-RATES IN BOSTON AND CAM-
BRIDGE, 1905
{Computations by Dr. Wi L. Holt)

Boaton,

Adjusted rates per 1000,

Ago- P:l%i‘!a- Dieaths, Bpecific

&roup. death-rate. | Flypay Nine Seven | Bix
OOy, group. groups, iagilive M
(1) €3] @) (4) {5} (3] ()] (8)
04| 52152 | 3128 | 60.1 | 6.8%0 | 6.80 | 6.850 | 6.850
16.10 troos %8| 48 | 057! “'735} 1.003 | 1.968
Aol 1o |10 ook | vam | TEN| ..
8544 0%ods | 1081 | 1198 | 1988 | 13as)| 2840 2.8
4554 58,810 | 1253 21.4 1.910 1.910 1.910¢ 4.135
5684 33602 | 1308 | 38.9 2.325 2.325 2,326y ™
66-74 16711 (1213 | 726 | 2.403¢| , o0 | 2:403 | 2.40
75 | 6413 | 037 | 1460 | 1os0f 1,080 | 1,980
Total 50.520 | 90,636 | 20271 |20 171

[ Continued on naet page.)
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Ciambridee.
! . Adjuated rates par 1000,
A )T | peos | Sl
Eleven groups. | Seven groups,

) 2) @) ) {® (8)

04 9,088 412 45.3 5.176 5.176

540 9,006 2,96 0.317
10- 34 8,078 20 2.48 0.255 1.468
1519 8,512 24 4.00 0.399 ’
2024 10,789 51 4.72 0.452
2534 18,671 130 6.97 1.125 } 9 953
3644 14,148 130 .19 1.127 ’
4584 9,247 133 14.36 1.280 1.280
5564 5,628 165 29.4 1.755 1.755
65-T4 2,364 155 541 1.790 1.780
75~ 1,261 179 143.2 | 1.950 1.950
Total 15. 626 15.672

Examples of death-rates adjusted to a standard popu-
lation, — The U. 8. Mortality Statistics give numerous
examples of death-rates adjusted to the Standard Million.
Let us first of all compare Cambridge, Masg., and Chicago,

Ill’
TABLE 76
Death-rate, 1911,
City.
Gross. Adjusted.
{1y ) (3)
Cambridge, Mass. 15.2 15.4
Chieago, Tii., 145 | 16.4

Here agnin we see that adjustment of the Cambridge rate
changes it but little,! while that of Chicago was increased
by 1.9, making the adjusted rate higher than that of
Cambridge. Why?

* In this computation sex as well 48 age was considered.
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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 ecities of the East than in the newer cities
of the West, but New York, Pittsburgh and a few othems
with large numbers of recent imrmigrants were exceptions
to this rule. The following figures illustrate this:

TABLE 76

COMPARISON OF GROSS AND ADJUSTED DEATE-RATES
FOR CERTAIN CITIES

Deatherntos por 1000,
City.
Cirons, Adjusted. Difference,

(1) (2} 3 4}
New Haven, Conn, 18.7 17.7 1.0
Boston, Mas 7.1 17.9 0.8
New York N Y. 15.2 17.2 2.0
Pittsbur h Pa. 14.9 18.9 2.0
Clevelan "Ohio 13.8 16.3 1.5
Chicago, 111 14.5 1.4 1.9
8pokane, Wash. 11,6 13.7 2.1
Beattle, Wash, 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
Stntea.
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TABLE M

COMPARISON OF GROSS AND ADJUSTED DEATH-RATES
FOR CERTAIN STATES

Denthorates per XN,
Atate, -
Giross, Adjusted, Differance,

() 2) & 4)
Mussachusettn 15.3 16.0 w{). 8
New Hampshire 171 14.2 —-2.9
Maine 18.1 13.0 -3.1
Copnectiout 16.4 14.8 ]
Indiana 12.9 12.3 0.6
Kentueky 13.2 13.4 0.2
Michigan 13.2 12.4 ~0.8
Minnesota 0.5 1.8 0.3
Migsouri 131 18.1 0.0
Montana 10.2 11.6 1.4

The following figures show the relation between the
erude and adjusted death-rates for various countries:
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TABLE 78

COMPARISON OF GROSS AND ADJUSTED DEATH-RATES
FOR CERTAIN COUNTRIES

hatiﬂ of

Teath-rates pet 1000, adjusted
Country. Year. mr&":t o
En.%lvand
Gross, Adpasted, | Difference. | and Wales,
1) @) 6] ) [CH
Russia 1896-1398( 32.80 28.61 —4.19 166.7
in 1900-1902) 27.63 | 26.53 | —1,10 | 1546
Austrin 189915011 24.83 23,12 | —-1.71 1847
Ttaly 190019021 22,72 20,23 —2.49 117.8
Germany 1901 20,84 19.52 -1.32 113.8
T. 8. (Begistra~ (1500 17.55 18.05 0. 50 106.2
tion area)
Scotland 1900-1902] 17.91 17.61 —0.30 102.6
Tatee 1900-1902] 20.80 17.50 —3.30 102.0
England & Waled [1900-1902( 17.16 17.16 0.00 100.0
Switzerland 1899-1901| 18.22 18. 86 —1.36 08.3
giutn 1899-1901] 18.53 16.78 —1.75 97.8
Ireland 1900-1902( 18.27 16,59 | —1.68 94,7
Netherlands 15081900 17.32 15.40 | ~1.02 80,7
weden 1809-1901) 16,78 13.88 | —-2.90 80.9
New South Wales/1900-1902] 11.72 13,10 1.38 78.3
Yictoria 100019  13.12 13.08 | —-0.04 76.2
South Australia 190019021 11.02 11.73 0.7 68.4

Adjustment for racial

differences. — In certain parts

of the United Biates, especially in the South, the crude
death-rates are absolutely useless for purposes of com-
parison unless allowance is made for the number of colored
persons at different ages.
ored persons are higher at all ages than for white persons,
as the following figures for the U. 8. registration states in

1900 show:

The specific death-rates for col-
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TABLE 9

COMPARISON OF SPECIFIC DEATH-RATES FOR WHITE
AND COLORED PERBONS

Death-rates per 1000 (exclusive
. of stull-births). Ratio of ealorad
Age-gronp (both axes). W wh:;lh:a eath.
Native white. Colored. "
48] {2} 6] 4)

04 49.1 105 .4 2.17
50 4.5 8.9 1.98
10-14 2.9 9.0 3.10
15~19 4.7 i1.4 2.43
2024 6.8 11.6 1.71
2534 8.2 12.2 1.49
3544 9.4 16.0 1.56
45-54 12.7 24.5 1.93
50 22.6 42.5 1.88
6574 50.4 60.6 1.38
75 138.5 143.3 1.03
Crude death-rate 16.5 25.0 1.52

The following figures for the citier of Waghington, Balti-
more and New Orleans show the necessity of taking into ao-
count these striking differences between the white and colored

people:
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TABLE 80

AD JUSTED DEATH-RATES FOR CITIES HAVING LARGE
*  COLOURED POPULATIONS

Death-rated per 1000 (both sexes), 1931,

Clross. Adjusted. Differense.
o @) @ @) )
Washington, D, €.
White 15.5 14.6 0.9
Colored 26.6 30.5 3.9
Tofal 18.7 18.9 0.2
Baltimore, Md.
ite 16.2 16.7 0.5
Calored 30.9 3.4 4.5
Total 18 .4 19.4 1.0
New Orleans, Lo,
White 16.8 17.5 0.9
Colored 81.2 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
specific 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 i 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 avoided.

If 21l 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
diseases are much used and have practical value. Specific
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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
necessary 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 occupation or their exposure
to eertain risks. This causes us to deal with many special
rates.

In studying birth statistics we may find the general -
bitth-rate, by taking the ratio between the number of
births and the tatal population. But we may also desire
to find 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 bold good. We must see
that the data eompared are logically comparable, that there
are no concealed classifications and that the rules of pre-
cision .are not violated.

EXERCISES AND QUESTIONS

1. Arc the changes in age-composition from deeade to decade in
Magmachusetts sufficlent to explain o considerable part of the falling
general death-rate of the stute, assuming the specific death-rates by
ages to Temain constant? .

2. ‘Compute the specific death-rates by sex and age-groups for thres
Massachusetts cities for 1910, obtaining data from the census and -
registration reports,

8. Compare the specific death-rates by age-groups for white and.
.colared persons in some southern city for some selected year.

4. Adjust the desth-rate of some western city in 1910 to the Bwedish
standard of population,
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B, Repeat, this eomputation using the standard million as & basis of
Fadijustunent.
6. Helect from the Mortality Reporta examples of the need of adjust-
“ment, of death-rates of cities for purposes of comparison,
. 4. Adjust the death-rates of some selected city to the basis of the
“Biandard Million for 1915, 1910, 1905, 1900 and es far back as record
‘gan be obtained.



CHAPTER IX
CAUSES OF DEATH

Nosography. — The description and systematic classifi-
vation of disease is called nosography. The word is derived
from the Greek word nosos, which means sickness, or disease.
(The word is pronounced noss-ography, not noze-ography.)

Nosology. — The science of clastifying disease is similarly
called nosology.

The purpose of nosology. — At one time if was thought
that s 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 as one of the foundation
gtones 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 beeause of changes in the definitions of disease that we fall
into €0 many errors in comparing past conditions with those
of the present day. Such changes are inevitable ag medical
grience advances, but they onght to be universally recognized
when they are made.

Dr. William Farr was one of the first to recognize the im-
portance of * gtatistical nosology.”

History of nosography. — Nosography emerged from its
former chaotic condition in 1893 when the use of the Inter-
natinnal Clagsification of Diseases and Causes of Death was
begun. This was due chiefly fo the laborz of Dr. Jacques
Bertillon. of France, '

In 1853 Dr. William Farr and Dr. Mare d’Espine, of
Geneva, had been selected by the First Statistical Congress,

306
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jch met at Brussels, to present a report on the subject.

e list of disenses reported by them was adopted in Pariy in
/3855, in Vienna in 1857, and was translated into six languages.
It wae revised several times between 1864 and 1886. In
1803 the International Statistical Institute, the successor
of the Statistical Congress, met in Chicago and adopted this
st with some changes, Provision was made for decennial
fevisions by an International Commission, and sueh re-
vigions were made in Paris in 1900 and again in 1909, the
Jatter a year earlier in order that the new list might be used
in the censuses of 1910. This Jist was intended to stand un-
.changed until 1919. In 1898 the International List was
endorsed by the American Public Health Association. KEng-
land adopted the list in 1911, Tt was used by all English
and Spanish speaking countries, but it did not become uni-
veraal. A few of our own states did not follow it exactly.

On account of the war no revision of the list was made in
1019; but, largely through the efiorts of the League of Red
Cross Societies, a convention repreenting national govern-
ments met in Paris, October 11-14, 1920. This was known
‘a8 the Third International Commission for the Revision of
the Classifieation of the Causes of Death (Nosologic
nomenclature).

Classification of diseases in 1850, — Dr. Farr classified
diseases as follows:

‘Crass I Epmeumtc, ENpEMIC AND Conrtacious Dwuasis (Zymotiet).
Order 1. Migematic diseases, — small-pox, etc..
Order 2. Enthenic diseages, — syphilis, glanders
Order 3. Dietetic digenses, — seurvy, ergotism,
Order 4. Povasitic diseuses
Cr..m IY. Consrrrorionan Diseasgs (C’achectm)
: Order 1. Diathetic disenges, -~ gout, dropsy, cancer, et
. . Order 2. Tubercular diseases, « perofuls, songumption.
‘Cl.ma 111, Locay Dispaars (Monorganies).

Order 1. Diseases of the brain.
Order 2. Disenses of the cireulation.
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Order 8. Disenses of respiration.

Order 4. Diseases of digestion.

Order 5. Diseases of the urinary system.
Order 6. Disenses of reproduction.

Order 7. Discases of locomotive system.
Order 8, Diseases of integumentary system.,

Crasi IV, Davevorsenrar Dispases (Metamorphicd).
Crass V. ViorEnt DEaTes or Dizgases (Fhanatici).

It is extremely interegting to study this st in detail ne
given in the 16th Annoual Report of the Registrar General
of Kngland, Appendix, pp. 71-79,

Internationsl List of 1920. —-The International List of
1909 recognized 189 causes of death, which were divided
into fourteen clagses. 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 this increase, and
because of the shifting of eertain diseases from one class to
another many disesses now bear different numbers from those
with which health officers and registrars became familiar
during the period from 1909 to 1920, It is to be regretted
that the Congress of 2920 did not adopt a system of perma~
nent numbering, perhaps similar to the Dewey decimal
system used in libraries, which would leave unchanged the
nummbers of the well recognized diseaseg and be elastic
enough to provide for inevitable changes and additions.
This will doubtless come in time. Until then students must
be on their guard when making comparisons for different
years,

The following comparigon shows some of the differences
between the list of 1909 and that of 1920,

1909 1920
I. General Causes. Nos. 1 to I. Endemic, Epidemic and
i) Infectious Diseases. Nos

1L Digenses of the Norvous 1to 42, .
System and the Organa I1. General Disenses not in-
of 8pecial Sense, Nos. cluded above. Nos, 43
6} to 78. to 69.
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1909

JIL. Diseases of the Circulatory
System. Nos. 77 to 85.
- IV. Diseases of the Respiratory
Bystem. Nos. 86 to 98
V. Digeases of the Digestive
System, Nos, 99 to 118,
V1. Non-venereal Discases of
the Genito-urinary Sys-
tero snd Annexa. Nos.

119 to 133,

VII. The Puerperal State, Nos.
134 to 145,
VIII. Diseases of the Skin and
Cellulnr Tissue. Nos.
142 to 145.
1X. Diseases of the Bones and

of the Organs of Locomo-
tion. Nos. 146 to 149,
X. MaMormations. No. 150,

XI. Diseases of Early Infancy.

Nos. 151 1o 153,

X1, Old Age. No. 154,

XIIY. Affections produced by Ex-
ternal Causes. Nos. 155
to 186,

XIV. I-defined Diseazes. Nos.
187 to 189,

309
1920 '

I11. Dlsea.ses of the Narvous
Bygtem and Sense On
gans, Nos, 70 to 86
1v. stea.aes of the Circulato
Bystem., Noa. 87 bo ]éy
V. Diseases of the Respira
System. Nos. g to 10
VI. Digeases of the ngestwe
Bystem, Nos. 108 to

1

VII. Non-venereal Dlseases of
the Genito-Uringry Sys-
tem and Annexa. Nyoa

128 to 142
YIII. The Puerpera.l State. Noa.
143 to 150.

IX. Dispases of the Skin and
Cellular ue,  Nos,
151 to 155.

X. Disessea of the Bones and
Organs of Locomotion.
Nos. 156 to 158,

X1I. Maliormations, No., 159.

Infancy.

XTI Old Age. No. 164,
XIV. Exmrnal Causes.  Nows, 165

Ill-deﬁned Diseases, Nos.
204 to 205,
X VI, Diseases owitted ag having
causerd

leest-hanlodeat;hs
No. 206,

INTERWATIONAL LIST OF CAUSES OF SICENESS AND
DEATH
(Third decennial revision by the International Commission, Pards,
Octw 11"’141 lm') .
(’I‘he titles gmoeded by o star indieate cortain additional subdivigions

which the U,
with statisties of previous years.

C‘ensus ureau intends to use to facilitate comparisons
The numbers in parentheses after

the titles are those of the 1909 list and are given for comparison.

They shonld not now,be used.)

1. — Ermenmic, EnveEMic AnD InrecTioUs Diskasus
1. Typhoid and puratyphoid fover (1).

() 0
(b} gzlgtyphmd fever.

s fev
f.pm fewr (spin‘l!um obermeleri) (3),
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Walta fever or Mediterransan fever., (* Melito-coccosis ™)
Mularia {4), .
ga) Malarial fever., |
&) Malarial eachexia.
Small-pox (5},
Measles (6).
Searlet fever (7). o

Wh cough
s o Ay
(&) 'tlgmglm lioati ified.
@) wi onary comphoations ified.
(b} Wit\h()‘r.)lt {:uhnonary egmpﬁmtiompeciﬁed.
Miliary fever (11).
Mumps (19),

e
. Agiatic cholera (12).

Cholera nostens (cholerifornn enteritis) (13),

. Dysentecy (14).

) e
] .
(cg due tomgther OB,

. th\l 15).
a)abfxbo)nic.

{b) pneumonie.

¢) septicemic,
unspecified.
Yellow fever (16).

. Spi:;cheta)l hemorrhagic javndice (Spirochaetosis ictero-haemor~

X v
20, Leprosy (17).

. Erysipelas (18).
. Agute poliomyelitis.

tig-lothargica,
M .

ococcal mentngitis,
Other epidemic and endemic diseases (19).
*{a) Chicken-pox.
*(h) Germen measles.
*(¢) Others under this title.
Glanders (21).
Anthrax, (22).
Rabies (23).

. Tetanus (24).
30, %ycoses (25),

berculosis of the respiratory system (28).

82. Tabercuwlosis of the meninges and central tervous zystam gen-

erally (30).
. Tuberculasis of the intestines and peritoneam (31).

Tuberculosis of the vertebral colamn {32).

. Tuberculosis of the joints (33).

36. Tuberculosis of other orpans (34).

(a; ‘Taberculosis of the skin and subeutaneous cellular tissue.
(&) Tuberceniosis of the bones (vertebral column excepted),
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{¢) Tuberculoss of the lcEnphatm gystern (mesenteric and
retroperitoneal
{d) Tuberculosis of t.he gemt.onunm.ry system.,
{#) Tuberctlosis of organs other than above.
97, Dissemingted tuberculosis,

39. Soft chancre (37

40A. Gonococeal infection (ophthalmia excepted).
40B. Gonorrhanl or purulent ophthalmie infection (38).
41. Purulent infection, septicemia (38),

42. Other infectious diseases,

1Y~ (GENERAL DisEaszs NOT INCLUDED ABOVE

Cencer and other malignant tumors of the buccal cavity (39).

Canter and other malignant tumors of the stomach and liver (40).

Cancer and other mahgnant tamors of the peritoneum, intestines

and rectum (41).

46. Camzer )and other malignant tumors of the female genital organs
42

47. Cancer and other malignant tumors of the breast (43).

48 Cancer and other malignant tumors of the skin (44),

49. Cancer and( 4t5)ther malignant tumors of other or unspecified

argans

5. B tumors and tumors not returmed ag melignant (twmom of
Ee female genital organ.a excepted) (46).

51. Acute rheumatic fever (47).

52. Chronie rheumaﬁsm, osteo-artheitis, gout (43).

Seurey (409,
54. Pellagra (26).
§5. Beriberi (27).
50. Ricketls (36).
57. IMabetes mellitus (50).
58. Anemia, chlorosis (54).
fa.} ernicious anemia,
{b) Other nnemins and chlorosis,
8. Diseases of the pituitary gland.
60. Diseases of the thyroid gland.
Ea Exophthalmie goiter (&
b Other diseaszes of the thymld %land (88)
G1. Diseases of the parathyroid glands (88
62. Diseases of the thdzmus gland (38)
63. Diseases of the a nls (Add:son's disease) (52),
64. Diseases of the spleen.
63. Leukemia and Lymphadenoma (Hodgkin’s disease) (53).
{#) Leukemia.
(b) Lymphadenoma.

RS
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86, Alcoholism (acute or chronic) (56).
87, Chropic poisoning by minaral substances.
. *(ag Chronie lead poieonmg {87,
*{b) Others under this title (59).
68, Chronic poisoning by organic substances (58).
89, Other genernl diseases (55).

I — Yiseasts oF THE NeRvous SyYSTEM AND oF 1EE ORGANS
or SBrECIAL SENSE

70. itis {60).
71. Me tis {does not include meuingitis specified as meningo-
coceie, tuberculous, rheumatie, ete.) (6‘.1})e
*(a) Simple meningits.
*{b) Nonsepidemie cerebrospinal meningitis.
72, Tabes dorsalis (Jlocomotor ataxia) (62).
73. Other diseases of the spinal cord (63).
74. Cerebral hemorrhage, apoplexy (64).
%a) Carebral hemorrhage.
B) Cerebral thrombosts and embolism,
75. Paralysis without specified cause (66).
g ; Hemiplegia
by Others undex this title.
76. Gemernl paralysis of the insane (67).
77. Other forms of mental alienation (68).
78. Epilepsy (69).
79. Convulsions (non-puerperal) (5 years and over) (70).
80. Infantile convulsions (under 5 years of age) {71).
81. Chorea {72).
S2A. Hysterie and neuralgia (73).
828, Neuritis (73).
83. Cerebral soft (65).
84, Other diseases of the nervous system (74).
85, Diseases of the eye and annexa (75).
of the organs of the eye.
b) Pollicular conjunclivitis.
¢) Trachomu.
d) Tumors of the eye,
&) Other diseases of ihe eye and enneva.
83. Diseases of the ear and of the masioid sinus (76).
* tt; Disenaes of the ear.
*(b) Diseases of the mastoid procesa,

IV. — Dizeasss oF 18R CIRCULATORY Sverem
87, Perlcarditis (77).
48, Endocarditis and myocarditis (acute) (78).
80, Anginapecto 5 (80?
90, Other diseases of the heart (79).
91. Diseases of the arteries (81).
o) Aneunsm

c) O’r.her dmease&. of the
02, Embolism and thrombosis (not carebml) (82).
93. Diseases of the veins (varices, hemorrhoids, pilebitis, ete.) (83).
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04, Diseases of the lymphatic system (lymphau.gitis, etc.) (84).
. Hemarrhage without speciﬂed canse (86)
96. Other diseases of the circulatory system (85)

V. - Disrases o THE RESPIRATORY SysTEM

97. Diseases of the nasa) fossae and their annexa (§6).
*(a) Discases of the nasal [ossae.
*{b) Others under this title.
08, Diseases of the larynx (87),
99, Bronchitis.
(a) acute (89).
(b) chronic (90).
(¢} not otherwise defined under 5 yesrs of age.
(d) not otherwise defined 5 years and over.
1. tﬁmeumonia (including capillary bromchitis) (91).
*(g) Bronghopneumonia.
*(b) Capillary bronchitis.
101, Preumonia (82).
: {a) lobar, .
(d) not otherwise defined.
102, Pleurisy (93).
105. Congestion and hemorrhagic inferet of the luog (94).
104, Gangrene of the lung (95).

108, Pulmonary em sema (7).
107. Other dids;nses the respiratory system (98) (tuberculosiy ex—
cepte
(@) Chronic interstitial pneumonis, including occupational
of the lung.
(h) Diseases of the mediastinum,
(¢} Diseases not included under {(a) or (b).

VI, — Disgases or e Diogstve SysreM

108A. Diseases of the fecth and gums (89).
108B. Other Diseases of the month and annexa (
109. Diseases of the pharynx and tonsils (iucludmg adenoid vege-
tations) (100,
*(g) Adenoid vegetations.
by Others under this title,
110, Piseases of the eso, {101).
111, Ulcer of the stomach and duodenum (102).
{a) Ulcer of the stomach.
(b) Uloer of the duodenum.
<112, Other diseases of the stomach (cancer excegtad) (103).
113, Diarrhea and enteritis (under 2 years of age) (104
114, Diarthea and enteritls (2 vears and over) (105).
115, Ankylosiomiasis (106).
115, Diseasges due to other intestinal parasites (107)
{(2) Cestodes (hydatids of the liver excepted
(b} Trematodes.
{¢) Nematodes (other than ankvlostoma).

&

I
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sd)) Othar ites specified.
() wsites &
i Undeﬁpn?d pe

117. Appendicitis and
118, fferma intestinal tyimt;ucéon (1(19)

{a) Hernia
b Intestinal obstruction.
110A. Discasea of the anus and stercoral fistule.
1198, Other diseases of the intestines (110).
120. Acute yellow atrophy of the Hver (111).
121, Hydatid tumor of the liver (112).
122, Cirrhosis of the lver (113).
? ; specified a8 aleoholic,
b) not, specified as aleoholic.
123. Biliary calculi (114).
124, Qther digeases of the liver (115).
126. Diseasss of the pancreas (116).
126. Peritoniils of nnstated origin (117),
127. Other diseases of the d.igeshve system (cencer and tuberculosis
excepted) (118).

VII. — Nox-VENEREAL DISEASES OF THE GENITO-URINARY Sysrom
AND ANKEXA -

Actzte x;ephntis (including uaapesified under 10 years of age)
129. Omie I iig {including unspecified 10 yexrs and over) (120),
130, Ch haria (121).
131. Other diseases of the kidueys and anmexa (diseases of the
kidneys in pregnancy exoepted) (122).
132, Caleuli of the urina.cr{v sgges (123},
133, Diseases of the bladder (124)
134, Diseases of the urethra, uribary abscess, et¢. (126).
(a) Stricture of the urethra.
(t) Othera under this title.
135. Diseases of the prostate (126).
136. Non-venereal diseases of the male genital organs (127).
137. Cysts end other benign tumors of the ovary (131).
135%. Selpingitis and pelvic abscess (132).
139. Benign tumors of the uterus (120),
140. Non-puerperal nterine hemorrhage (128),
141A. Meiritis (130).
141B. Other diseases of the female g::aital organs (130,
142. Non-puerperal diseases of the breast (zancer excepted) 123). -

VHI. — Tas PugrperaL Srare
143A. Normal Childbirth,
143B. Accidenis of pregnancy (134).
a} Abortion.
bg Eetopie geatation.
Qther aceidents.
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144. Puerperal bemorrhage (135).

145, Other accidents of childbirth (136).
*(g) Cesarean sachion.
*() Other surgieal operations and instromental delivery.
*{¢} Quhers under ths title.

146. Puerperal septicemis. (137).

147. Puerperal phlegmasia alba dolensh%tégrpeml emboligm, or sgd.

dent death in the puerperium
148. Puerperal albuminuria and eonvalsions (138).
14D, Following childbirth (not otherwise defined) (140).
150. Puerperal diseases of the breast (141).

IX, — Dyseasks oF ThE SkIN anp ov THE Crruousr Tiesvs
151. Gangrene (142).
152. Furuncle (143).
153. Phlegmon, acute abscess (144).
154, Other disesses of the skin and annexa (145),
a) Trichophytosis.
b} Scabies.
(¢} Other digenses,

X~ Drsgasgs or ey Bongs AND oF THE OreaNs o LocoMoOTION

155. Diseases of the bones (tuberculosis and rickets excepted) (146).
- 156, Diseases of the joints (tuberculosis and rheumatism excepted)

(147).
187. Amputations (148). .
158. Other diseases of the organs of locomotion (149).

XTI = MALFORMATIONS
159. Congenital malformations {150).
: {stillbirths not included).
*{q) Hydrocephalus,
*(5) Gongenital malformations of the heart.
*(c) Others under this title.

XII. = BarLy Tnvaney

160A. Nurglings discharged from hospitel without disease,
160B. C tal debility, itterus, and scleremea (151),
161. Premature birth; Injury at birth (151).

*(a; Premature birth.

*(1) Injury at birth,
162. Other diseases peculiar to early infancy (152).
163. Lack of care (153).

XIIL, Qo Ace
164. Senility (154).

XIV. — ExvrEaNaL Caoses

165. Suicide by solid or lignid poisons) corrosive substances ex-
cepted) (155).

166. Suicide by corrosive substances (155).

167. Suicide by poisonous gas (168),
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Suicide by hanging or strangulation 157
. Suicide by drowning (158} (8.

. Suicide by firearms (159)

. Suicide by cutting or pler ingtroments (160),
, Buicide by jumping from high places (161),

. Suicide, by crushing (162).

. Qther suicides (163),

. Poisoning by food (164).

Poiconing by venomous animals (165).

., Other acute secidental poisonings (gas excepted) (165).

Conflagration {1686).

, Accidental burng (couﬂagratnon excepted) (167).
. Accidental echanical suffocation.

. Accidental absorption of irrespirable or poisonous gas (168).

. Agtidental drowning (168),

. Accidental traumatism by ficearms (wounds of war excepted)

{170).
. Accidental traumatism by cuttingz or piercing instruments (171).
. Accidental traumatism by fall (1
Aecidental travmatism i mines md quartes (173).
N gg Mines.
Qllamm
. Agcidental traumatism by machines (174).
Accidental travmatism by other crushing (vehicles, railways,
landslides, etc.) (175).
*(a) Railroad accidents.
*(b) Street car acuidents,
*(¢) Automobile accidenta.
*(d) Aeroplane and balloon aceidents.
e} Injuries by other vehlcles
Landslide, other crughing,
Injudes by animals (not poisoning) (176).

1900. Wounds of war.

191,

Exeention of civilians by belligerent armies.

102A. Faligue.
1928, Starvation (deprivation of food or water) (177).

193.
184.
185,
196.
197,
198,
199.

Excessive cold (178).

Exceggive heat (179).

Lightning {180).

Other secidental electric shocks (181),

Homitide by firearms (182).

Homicide by cutting or pier instruments (183).
Homic:de by other means (18 cm%

Infanficide (murder of infants less than one year of age).*

201A Dislocations.
2NB. Sprains.
200C, Fracture (eause not. specified) (1.

202,
208.

Other external violenge (cause Hpﬁmﬁﬁd (186).
Other external violence {canse not apecified) (187).

*["Thie title to be cmitted when homicides are shown by ages under
Titlea 197-199.]
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. ) XV, — Iu-Derinep Diszases
-904. Sudden death (188).
Cause of death not specified or fll-defined (189).
*(a) Ill-defined.
‘ *{b) Not specified or unknown.
9058, No disease, simulalion.

XVIL-— Dmeasss Ourrrsd As Having Cavsep Liss Tran 10 Dearns
206. Diseases omitted as having caused less than 10 deaths.
Suggestions to Physicians, — In reporting deaths from poisoning state

the exact name of poison, whether the poisoning was chronic and due to

pccupation, and also please be particularly careful to see that the Special

Qccupation and Industry are fully stated. If the occupation stated on

the cortifieate is not that in which the poisoning occw*redl add the latber

i connection with the statement of cause of death, ¢.g., *“Chronic ocen-
tiona! phosphorus necrosis (dipper, match factory, white phosphorus),”

&ve full details, including pathologi: conditions contributory to death,

Following is a Lst of Industrisl Posons (Bull, Bureay of Labor, May,

1912) to which the attention of physiciang practicing in industrial come

munities should be especially directed:

Acetaldehyde, Hydrochloric acid,
Acridine, Hydrofinoric acid,
Acrolein, Lead (57),
Ammonia, Munganese dioxide,
Amyl acetate, Mercury,
Amyl alcohiol, Methyl alcohol,

e, Methyl bromide,

* Auniline dyestuffs (name), Ni @,
Antimony compounds (nsme), Nitrobenzol,
Arsenic cum&)ounds (name), Nitroglycerin,
Arseniureted hydrogen, Nitronaphthalene,
B &, Nitrous gases,
Benzol, ) Oxalic acid,
Carbon dioxide, Petroleum,

Carbom disulphide, Phenol,
Carbon. monoxide (coal vapor, il- Phenylhydrazine,
tuminating water gas, producer Phosgene,

mﬁas), Phosphorus (yellow or white),
oride of lima, Phosphorus sesquisulphide,

e, Phosphureted hydrogen,
Chlorodinitrobenzol, Picric acid,
Chloronitrobenzol,

Pyridine,
Chromium compounds (name), Sulphur chloride,
gfanogen compounds (name), Sulphur dioxide,

B i::omethane, Sulpﬁm‘eted l&fdrogen,
ethyl sulpha ulphuric aci
binimgenmf =

“Lar
Formaldehyde, Turpentine vil.
Not all substances in the preceding lat are likely to be reported
88 causes of death, but the physician should be familiar with it In
to recognize, and to repord, if required, eases of illness, and should
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gleo bo on the alert to discover new forms of industrinl poisoning not
heretofore ired. To the Bulletin cited full details may be found
&8 to the branches of industry in which the poisoning ocours, wode of
entrance into the hody, and the symptoms of poisoning, Attention
ghould also be ealled to mdustrial infection, e.g,, Anthrax (27), and the
influence of gases and vapors, dust, or unhygienic industriad environ-

ment. .

In Beetion VIII the term puerperel is intended to inelude pregnancy,
parturition, and lactation, Whenever parfurition or miscarciage has
ocaurred within ope month before the death of the patient, the fact
should be certified, even though childbirth may not have contributed
to the fatal issue. Whenever a woman of childbenring age, gsgecinlly
if moarried, is yeported to have died from a disense which might have
been puerperal, the local registrar should reqtl:m an explicit statement
from the reporting physician as to whether the disesse was or was not,
m in character. The following diseases and symptoms are of

g clags:

Abscess of the broast, Metroperitoniiis,
Albuminuria, Metrorrhagia,
Cellulitis, Nephritia,

. Coma, Pelviperitondtts,
Convulgions, Perilonitis,
Eelampsia, Phlggmasia albe dolens,
Eimbolism, Phlebitis,
Endometritis, Pyemia,
Gastritis, Sepéicemia,
Hemmorrhage (uterine or Sudden death,

ified), Tetanus,
jl‘?'mphungitis, Thrombosis,
elriiis, Uremia,

Physicions sre requested always to write Puarparal before the above

terme and others that might be puerperal in character, or to add in
ntheses (Mot puerperal), so that there may be no possibility of ervor

the complication of the mortality statistics; also o respond to the
requests of the local r?fzistrm for additiona] mformation when, ined-
vertently, the desired date are omitted. The value of such statistics
ean be greatly improved by cordial codperation between the medieal
profession ang the vegistration officials. ¥ a physicien will not write
the true statement of puerperal charscter on the certificate, he mwy
privately communicate that fact to the local or state registrar, or write
the number of the International List under which the death should be
compiled, e.g., * Peritonitis (148).” i

Coroners, medical exsmpiners, and physicians who certily to deaths
from viclent causes, should always clearly indicate the fundamental
distinetion of whether a death waa due to Accident, suicide, or homicide;
and theq state the means or instrument of death. The qualifieation
“ probably ' may be added when necessar:{‘.

It 18 highly desirable to reduce a8 much as possible the reports of
deaths from * ill-defined disonses.”

If physicians will familisrize themselves with the nature and
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mmperly classified, the
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; of the Tnternstionnl List, and will oobperate with the regis-
ﬂtmn aukhorities n giving additional information so that returns can
number of deaths compiled under this group

.will zapidly diminish, and the statistics will be more creditable to the
office that pompiles them and more useful to the medien] profession

and for sanltary pur

poses.
. Bometimes it may be extremely diffieult or impoasible to determine
definitely the canse of death in some cases, even if a he
granted.  Jf the phfysician is absolutely unable to satisly himself in this
teapect, it is batter for him to write unknown then merely to guess at the
couse. 1t will be hegaful if he can speoily a liftle further, as unknown

disease (which exclu

es oxternal causes), or unknown chropic disease

{which excludes the neute infective disenses), ete, Even the ilk-defined
eauses included under thiz head are at least nsefu! to o Ymited degrea

and are preferable to no attempt at statement.
# ghronies,” which wellvinformed
are the following: Asphyzia; Asthenia; Biltivus fever;

o
thal Fever;
Delivium,;

ollepse;

Heart failure; Laparolomy;

Dentition; Dyspnea;

Some of the ol

physiciang are coming less and le
Congestion; C ] C%%;
ong ;s Cyanosis; ity
Ezhaustion; Fever; Gasirig femri
Marasmus, Parelysis of the heart; Suryioai

Comae ;

ghook; snd. Testhing. In many cases so reported the physician could

state the disease (not mere symptom or condition) causing

death,
UNDESIRABLE TERMS

LiST OF

. Unpesiragia Terp.

(it i upderstood that the term
criticised 16 {n the exact form
given below, withoul further ex-
planaiian or qualification,)

Ruason Wyv Unogsinasie, Anp SUaGmsrmas For
Mowe Dewiners Brarsmsys - or Caver  or
Daara.

1
“ Ahsocas,” xibwcas of brain,”
* Abrcess of fung,” eta.

" Acoident” " Injury,” " External

eandes,” " Violence. Also
oL a'pemﬁc terme, as ** Drown-
e, Gunghat,

" whioh might
be 'e.ithgr. aanidentul, smoigv.l,
or homionidal,

" Angsarca,” “ Adscites™ ... ...

- Mﬁ’hﬁ'u “ Aathepia,” * Debil-
fvy " eul(m,”' - Bahoustion,”
i

*randtion,” © Wealness,” pod
vague terms.

" Blood poisoning ™. ... ..

3
Was it tuberculous or due to other infeetion? Trou-
matic? The return of ' Abscens,” unqualified, i
worthless, State cause (in which case the fact of
;.'i nons ' may be quite unimportant) and loca-
ot

Impossible to tlnesily satisfn.ctorill{.
1) whether Accidental, Sui
and (23 Means of injury (e,
Tho lesion (a.0., Fracture of
but ks of secondary impo!
ity siatistics.

Cuuse of the acidouis? Tf dipbetic, write Acidosis
S@ﬁabkbﬁig); if oot diabetic, write Adcidosss (non-
icbatio).

Alwaya state
, or Homicidal;
., Hpilroad snuidentg.
skull} may be added,

o gonaral inortal

Bee * Dropsy.”

Frequently covers tuberoulosis and other definite
FALSES, L

Ware the digeags enuping the tondition

HBow ' Septecemda.’  Byplolin?
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UnpesmmapLe Texud.

REason WAy UNDEBIRABLE, AND BUGUESTION ¥Ox

More Derivire STATEMERT o CAURS oF Dy,

(n:
* Broght'a diseass” , . .. .00veien.

" Bright'a disemss,” aoubé. ..oy

" Broenohopuounomia ..ol

" 4
R T ]

. C‘aw.w " Corednema,” " Sar-
comna,” Bho,

*Cardias insuﬁicfawv * M Cardie
degenaration,” ' Cardioe weak-
reenn,” o

* Cardiar dilatation .., . .. ...
* Qeliadiris ™ .

“ Cerebral softendng "' ..ot

“ Corebyospingl meningitic ™

' Clongestion  of

(.'onyemon af, ,

“ 3 L1
Congention,””

Brain," *

¢
Was it apute or chmnw aan if acute, what was the
cause?  Was it puer

What was the eause of the sento ' Hright's diseaes 'p
Xf it appeared a8 a complication or sequels of
some other disesse or abno! eondition, state
nature of the same. Was it pusrperal? When
no ennse can be asoribed write digenve,
aoute {caues unkbown}.

When thia eondition terminates meseles, whooping
ough or Bome other d{:ﬁamwhe pnmar_v diasann -

nhw hen brone
monia is 1tﬁ“ f primary, the certificate ahotﬁd be
written Bronchopueditonia (pritnary).

How received? 1 due to mnﬂasmtlon. ns burning
house, praitie fire, ete., w0 sate.  Also state
whether ateidentsl, suividal or homieidal,

In all cases the orgap or part firgt affected by
cancer should be apecified.

Term beat avoided, if posaible,
Ses * Heart disease " and " Heart foilure,”

Do not report when a mere terminal condition.
Btate cause.

Bea ' Abscess,” ' Hepticemio.”

What wag the eause? If due to  arteriosclerosis,
cerebral hemotrhage, embolism, thmmbosis. trar
matism, ar any other diseernible onuse state
nature of the same.

See ' Meningitis.”

Aloue, the word * compeation ™ is worthless, and in
:ﬁ:ﬂbmaMon it is alingst equally undeairabla ﬂ}f
e

“ Congestion of lungs” vto,

a Trs "o g da,”
v

[ )
RS or

roper term (lobar pnemnon?a chygnio nephritas
ptgn q marely ve gon ionu wuld
not be reported 23 o cause of den State
pri caillge,

It 4w hoped thet this mﬁeﬁmte torm L Conoul-
wions *'] will henceforth he
in which the true eause of that awmtcm oAt not
be ascertained. *' 1P obmctionab
term; it is mdmﬂr:mmately nf?lled to epll
conyul ol exy in different pn.rho
ti'o%try. ary, i First Bep. RegoGen.,

'

e r
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J——
UNDEsIRABLE TERA,

Rmson Wnr UNDESIRABLE, AND SUGGESTION MOE
Duruvre Srarmuent or Cavsn oF Drarha.

E‘ Dentition,” *' Teathing .. ....

:" Diisonse,” ** Trouble,"” or 'Com~
!&m:" of (any oKraun). eg.,

TEY COM-
. plowat,” ~ Divense of brava,” ete.
L - P

" Practure,”” ' Fracture of akull,”
ate

Y Gangrene uf intestines Yoo, L.,

" Gaatritis,” ' Gagtric catarrh,”
" Aeule mdwsm'o'z

Y eneral decay,” ete.. . vuv.. .
" Qeneral aclerosis ™, ..., -

3,
“ Crowp ” 1s a moat pernicious tettn from a public
henlth aint of view, is not goptained in any farm

in t'hld o or Bellevua Nomnm nclatu d
ou tively disused, W
hwthmdmwmtheeaumuﬁd&

Btats disense cauging death.
Name the diseass, °£ Lubar meumonia. Tober-
culagis of lungs, nwphritis,
tic gumma of

. Dmfw should never be returned aa tlm oause of
denth without particulars as to ita probable nrigin
2.4., in dizease of the hcnrt. iver, kidneys, ato,

ca

eqistrar-eneral. the
(the dropwy snd) duth.

What wae the cause? I due to diseaae of &
specnfy, or if to ldury atate whether ae ngental
syieidal or homicidal and the means of injury.

Usuag.!mmm&l‘ Name the disease envsing the
ition.

What was the cause? If due to & disensed condi-
tion of sny pact or followed an nparstmn at inku-y
efine the primary ocondition, if known,
traumatic  origin,  state whethmr sccidental,
anicidal or homicldal and the meaos or ingtru-
went of death, e.g., nntomobule mvnl-ver, ata.

Name the disease, as ‘Typhoid faver, Lobar pnsu.
monia, Malarin., atc, in which the “ fever’
aeeurs,

Endefinite: the prl.nciple of elassifiontion for general
moartality atatistios js not the leaiom fe

nature of the violen tlmt prodwesd
glj. Buicidal, Hm:idal). and (2 thns enns of
o

What was the cause?  If due to embolism, mechan-
inal obetruction or paralysie, mtiﬁn as clearly a&:

the: nature of f
viol state the m or insttument of injury,
-r.u. sutomobile, revelver, eto., aml -whether

scidental, suicidal or homiciaal.

Froquently worthless as o statement of the aotusl
eause of death; the terms should not be luusaly
to cover almosat any {atal
tation of stomach. Gastroenteritin? Acuu, or
chronic, sod caupe?

Bee "' Old age.”
Was it general sclerosis of the splosl cord, or Geneta}
artortosclorosis? wt ’
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1IST OF UNDESIRABLE TERMS

Unppamase Trru, l

Ruagoxy Wey Unbesmasne, anp Broessrion wo
More DERINITE STATENENT OF CAUSh OF Deate

) &)
 Hoart disense,'” ™ Heort lroubdle,”
even * Orponic hegrt trouble.”

“ Meart faidure,” "' Cordine wenk-
nees,” ' Cordine  cethenis,”
“Cardiar exhaustion,' " Paraly-
ain of the heart,”” uto.

“ ’ S Hemoptysie,”
“ Hemorr! of lungs.”

* Homsicide ™. oo o0 oo

* Huydrocephalus

“ Hysterectomy Mo coiiiinuiin

" Infantile asthenja,” ' Infontile
a:rawfw."  Infondile debitity,”
ehe,

= Infoandils parvolysie " . ... .. P

" Inflammation ™ coviieiviun.
" Laparotomy M. o0 e inanas

© Ma“'qmmt," ' Malignant dis~
BULAR,

* Moalnutrition ™

* Maembronous laryngitis ©

i2)
The emtia fhprm xf“ t&ca mm affec—t%on, us l_!itfa
1 stenosis, ox, lesa precise
aa%mmmﬁmt diseass, should be stated.

Y Henr? fadlure ™ is 8 revogmisesdt s{uonym, aven
among the laity, {or ignotance of the cause of
death on the part of ihe physician. If the physi-
?im c:?m GO mmmdeﬁwdsﬁamnena
it moust be compibed s e ¢ Idefine
disenges (hof ander hwtngiwm).

Frequently mask tubereulosis or deaths from in-
lur;;es (traumatie moﬁm e}, Pmml l:‘iem~
orshage, or hemorrhoge opera or various
cuudni“ e, What was the cause and keution
tt’lg.e lhgmgnhage? If from violence, state fyl

. 11).

Kinte means employed, e.g., poison, revolver, sbo,
“ 1t in desirable that deaths from bydrocephalus of
ofinitely asei

tuberoulous origin should be di aseignad

in the certificate to Tubarculous sneningitis, so

ap to distinguish, them from deatbs raused by

ghple inflmmenation or ather disesse of the brain

or its membraves. Congenital hydrocephnins

gould always be returned as such.' - Registrgr-
eneral,

Btate primary cause of condition. ¥ tuberewlons
memngitis, so otate, i
Hydrocephalns, acute (uot tuberculous).

e " Oparation.”
Bee " Atrophy."

This term 38 somotimen used for paralysis of infants
caused by instrumental delivery, eto.  The im-
portanen of the disense in its rocent endemic aud

idemic prevatenge in the United Btates malkes

exaet aod unmistakable tapressions Acute pa-

terior polivmyelitiy or Infantile patalysia (acute
anterior poliomyelitiz) denirable,

Of what organ or part of the body?  Cavae?
Sen " Operation.”

Shoull be restricted te use se qualification for neo
plawins; sse Tamor,

See ' Atrophy.”
Btate clearly whether diphtheritic or net,

If not tuberculous write -
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b Unnesmanns Teis,

Reason Way Unpesimanin, ane Bueeserion won
Mong DeFINita SrareseNt oF Cavsk or DEsTH,

mm?-ﬁa e C‘)embml meningi-
' mbronpmu mmmw
Spinal mensngitis.”

" Nephritis, powdo .o aots

“

" Old aga,” ** Sendlity,” eto. . ...

Wﬁqm" Surydoa! apmx

wation,” Hyslera«:tamy."
A Laparoiomy,” eto.

"Pamtym " General ranw.lym
“Palw." ato

"* Parotiditis (parotitis} ™., ...,
" Pagforation or vupture of  purt "

()

Only three terms should aver be used to report
deaths from Cerebrospingl fever, synonyme,
demic cerebrospinal m L]
mminglﬂs, and they ahould ¢ written as shove

way, It matters not in the use

of the latbe: tarm wbabhet ot not the digosse be
nok ocality. A e spor-
adi case should he so_reported. ‘No ope oan

i nit| s a\é;r mt:lrns a8 are "
ern minal or  symptomatio
tis should not be enteted &t :ﬂ n.a B vauso

mei
of i name the in_which

TL;?lerculoua meningitis should be !'epottad 84
such,

Thia statement eliminates external eanees, but is
otherwige of little value. What disease (prob.
ably) caused death?

Wia it asute or chronie and, if acute, what wae the
vague!  Wap 6 puerpeml* v

W’hat was the cause of the acute nephritis?  If it
ead s8 o complication or rleque!a of rome

r© disesss or abnormal w
af the anme, as it When e e

can bo ascribed wrlhpxctlﬁ: nephritia (cause un-
Jnown),
T'oo often used for denibe of 1¥ W
cumbed to a defipite disease, lglelll
causing deatt.

All these are antively indeﬁmt«a and unsatisfactory’
to he held

BUrgEOn

primaxi y respongible for the death, Name th

disease, abn condition, or form of exumai

violence Eﬁemn of death: uccldentnl. sulr.ldul.
ar I %), for which the operstion mw-

furmaetl It death was due to an wuthetm @

ﬁtwbe ) athegégtu .}y $tate that fact snd the name

The vague use of these terms shonld be avoided, ami
the precise form atated, sa Acato axcendin paml«
yain anlyuis agitens, Bulbar paralpsis, ete,
Write General paralysis of tho ¢ in full,
not am:t(:mg any part of the name; thll ia essen-

for it ?.mo‘ ” m]:lﬂn&m';lﬁ ”cif ¢ ml
I)lstmgum araplegis an Ll eg a. Y
the lattor, when & of A Im?
ge, report the pﬂmnt‘y cnuse

State definitely whether mumps or'not,

ftate cause of perforation or ruptnre v, Wleet,
injury by automobile, revo u 'in caze
of injury, state whether ucci&entni suicidal or
homicidal.
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CAUSES OF DEATH

LIST OF UNDESIRABLE TERMS

Unoearasre Term,

Reason WaY UNpESIRABLE, AND BUGGESTION FOR
Mogrg Derre STATEMENT oF {aveg oF Dearg,

o,
" Peritondtia . ..

MrramecTavain

"Ple.uriw"‘..‘...

cdekriaadais

¥ Pasumonts,” * Typhoid pneu-
monin.”

“ Peomuin poisaning,” ' Autoin.
togication,” * Toxemda,”

3

* Pulmonary cangasl-.’nn,” - Byl
ronury hape

U
T T N

Y Belerosis ™. ... . ke

(2)

" Whenever this condition corurs —either as s eon-
sequence of Hernia, Perfora ulcer of the
storsach or howel [Typhoid fevet 1, Appendicitia,

ot Metvitis (puerperal or erwise), or elea
an an extension of morbid processes from other
organs [Wame the dlaenae], the faet should ba
mentioned in the certifioate,” ~ Regiatram-Generad,
Always. speeify Puerpetal pevitonitis in cases re-
suléing ortion, miscarriage, or lnbor at foll
term. Always state if due to tuberculosis or
cancer, When traumatic, report means of mjury
and whether accidental suin:gl or homicidal,

Htate the cause, as Jobar pneumognia, acute rheus
matiem, tuberculosis, traumatism, I due to
wolem‘e. state the means or mstrument of injury,

automobile, revolver, ete., and whether
mimw. suicida omicidal.

1, o M

“Preumonds,” without qualificaiion, is indebaite;
it should be olearly stated either pe Bronch B~
mouin or Lobar puevmoenia.  The
ous pnetmonis is aleo clear, Tim mm

ph preitinorit * should never be employed, as it

meﬂn either Enteric fever [Typhold fever]
w1 complieations, on the ope hand,
or Pneumoma W!th ao~ualled typhaoid “%mpwml
on the other,” — Registrorfisnercl, en lohwr
poeimonis or bronchopnewmonis aeenrs in the
courde of or followlng a e pr causs
should be entered first, with durstmn. and the
Jobar preamonis or hmnohapnmmoma be catered
beneath as the sontributory cause, with dumﬂtm
Do not report © Hypostatie pnewmonia ™ or o
mere terminzl conditions as causes of death when
the dlzsase ca death can be sacertained.

These terms are used very loosely snd it is impoa
sible to eotrpile stamtm of value unlesy gredgter
precision ¢an be obtain hey shoul be
used when merely descriptive of symptoma or con-
ditions arising in tho course of diseases, but the
d caw death ahould alone be E&nad.

ulw uld be res

deaths tesulting from the development of putres
factive alkaloids or other poisona in l'cnod, L]
joud should be named, as Ptomain
(mussela), ote.

Bae " Congestlon,” * Hemorrhoge,”

Bee ' Jepifcemin,”

To what was the saipingitis due? Xf of
ayphilitie, puerperal or teanmatic on
the facts as fully as possible.

Wua it sclerosie of the spinal cord, or Ceneral
nrteriaselerosia?

mheuk
, shate

s s
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LIST OF UNDESIRABLE TERMS

Unpzsirasis Tram,

l Raaspon Wiy Unogarranis, avp Sucaesrios ¥oR
Mogrs DEFmNTe STATEMRNT 08 CAUﬂE or bM‘I’ﬂ

" Sephics i, '(‘I‘ZQMB." * Sep-

the infection,” eto.

* Bhook " (post-operstive). .. ..

“ Pabes maean tterie,” 't Tabes,”

H Poething v vinnen
* Togemin **
Y Pubercudogis i .

L W,’: " N‘w LU NW

B 2

- Uterine hemorrhage ™, ., ., .. .

)
Always state cause of tﬁs condntwn aod, if local-
Pucrporal? Traumatio (3ee
P 11}
Bes ¥ Dperation.”

The word specific should never be uwsed without
forther explanation, It may mgmfy mplaﬂﬁid
tubereadosss, ponorvhead, diphtheritie, wto,
the diseape,

What was the canse of the atrigture? If due to
songeniial etenopis, cicatricail contraction or

turnor of ssophegius, to premsurd From aure
pnm or pther dissernible cause, state sxact nature
of e,

State means employed, e.g., drowning, gunahot, sto,
Tl wise of this term [ Tabee meenterion '] to do-

soribe tubsronlous disease of the periloueum or o~
testines should he dmcontmued, Gt 1t ie freg.uently
to denote various

uned

which are not tubemulom. 'I‘ubem

nitis is the better terin to emplo when the condi-
ton is due to tubercls’ sgiviror-Lleneral,
’l‘lylgeg dorsalis should net “be abbreviated to
* Tabea.”

Hoe ** Dentition."

Bee * Plomain poiaoning.’”
The ar%an afiected nhauld always
be o wﬁi » Tuberculnu i of the Tungs, Tubes-

Sete scaceal milory’ tave
barc

horcalous meningitis,
Acute general ulosis, ete.
’I‘!}m termy should nemr?e Jl’.lrﬂﬁd without the quali-

o

{ 2DAnE, t.he kelong under Cander,
and should prefarﬂ.bly be so repurted or under the
more exuct terms C; oma, o, et Tn
all cim thy organ or part affected should be
BpRL

Name the digease cauging death, ie, the primnry
cause, not the mere terminal ronditions or
toma, and state the duration of the mary
caune,

Rae * Hemorrhage,"
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. Some of the synonyms used for ¥ typhoid fever.” — Ti
following i8 & partial list of terms which have been uged {
desertbe typhoid fever:

Abdominal fever, Paratyphus,
Abdominal typhoid, Posttyphoid abscess,
Abdominal typhus, Rheumatic typhoid fever,
Abortive typhoid, Typhobilious fever,
Ambulant typhoid, Typhoenteritis,
Cerebral typhoid, Typhogastric fever,
Cerebral typhus, Typhoid fever,
Continued fover, Typhoid malana,
Enteric fever, Tvphoid meningitis,
Enterica, Typhoid stupor,

_ Gastroenterie fevar, Typhoid ulver,
Hemorrhagie typhoid fever, Typhomalaria,
Teotyphus, Typhomalarial fover,
Intermitient typboid fever, Typhoperitonitis,
Malignant typhoid fever, Typhus,

Mountain fever, Typhus abdominalis,
Paratyphboid fever.

This shows the great need of standardization,

~ Joint causes of death, ~ The Bureau of the Censug 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, alpbabetically arranged, was very

useful. Physicians sometimes report two or more causes -
of death upon the death-certificate. This may be histori-
cally true ag one disease may be a complication of the other.
For -statistical purposes, however, only 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 ihis is done. For some years the attempt has
been made to separate the diseases reported into the primary
cause and secondary cause. As this gave rise to some uncer-
tainty as to which was which, the form of the Revised U, 8.
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dard Certificate of Death asks for % The Cause of
"Death ” and for “ The Contributory Cause (Becondary).”
“The English, French and Germans have laid down certain
yules for making the proper selections, In general, it may
be said that the pritnary cause is the real, or underlying,
cause 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
Ligt of 1920.

Occupation. — During recent years the study of the rela.
‘tion between occupation and disease has received much
attention, and this study has shown the very great impor-
tance of the industrial baszard, Fundamental to such a
study is a proper classification of occupations. The list
which follows was published by the Bureau of the Cepsus in
1921, Tt in taken from a report entitled “ Classified Index
to Qcoupsations,” 2 book of 173 pages.

This classification containg 224 main groups, 95 of which
are subdivided, making a total of 572 separate groups. The
mdustrial field is divided into eight general divisions, and
weh ocenpation has been “ clagsified in that part of the
ndustrisl field in which it is most commonly pursued.”
Nerieal occupations are classified apart. The classification
1 along occupalional rather than industriel lines. In the
wble each occupation is indicated by a symbol consisting of
wee figures.
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LIST OF OCCUPATIONE AND OCCUPATION GROUPS WITH
THEIR SYMBOLS.

sﬁ’.ﬂl” Qccupation and Qosupntion Growp.

AGRICULYURE, FORESTRY, AND ANIMAL HUSBANDRY.

TDhairy farmers, farmery, and gtook Taisgra
airy farmaevs
, genernl Jaro
Farmers, turpentine farne

raisers
Dairy farm, farm, and stock farm laborers
Dalry farm laborers
lubovers (home favm)
Farra laborers (working out)
Farm lsborers (turpentine iarm
Btock herdern, drovers, and feeders
Dalry farm, farm, garden, orshard, ete., foreman

arm forgmen, Eeneml farma
Farm foremen, turpentine farms
Farm foremen, stook farms
Clarden and greenhonse loremen
rehard, nursery, ste., foremen
Fishormep and oystermen
Foresters, {orest rangers, and timber crujsers
Joners. floriata, 't growers, and nueseryonen
orists

t growers
ardeners
Landscape gardeners
Nurserymen
Clarden, greenhousa, orehard, snd Dursery labovers
Cranfnrry ot laboters

Garden laborers
Gresnhouse laborers
Orchard and nursery laborers
Lumbermen, raftamen, and woeoadehoppers
oroen And QVersears
Inspedtors, scalers, and surveyory
Teamsters and haulers
Other lumbermen, raltsmen, and woadchoppets
Qwnars and managars of log and titober cumps
ansgers and officiale

SooDESE BSOSO OCoo
TERCID R RO Lo It ke e O DD
DR IRNSOHE SIS N @SR

Qwmers and propristors .
Other agrieultural and animal husbandry pursuits

orn shellers, hay balers, grain threahers, ete,
itchers (farm

Irrigators gnd diteb tondars
oultry raisers

Poultry yard laborers N

Othet and not wpeci fied pursaits

CooSTSP S0 SOLD SoBmc Doamo o
SRINAPD R OO Grpmd e S PRS0 O
W IDRRAS BT WD X NORSEe KO
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CLIST OF OCCUPATIONS AND OCCUPATION GROUPS WITH
THEIR SYMBOLS — Continved.

COocupation and Oocnpation. Group.

= |

EXTRACTION OF MINERALS.
Foremen, o and inspastors
Fommfu anz ovmseerls
Oparatora. officlale, and managers
Managprs

Officials

Oparators
Coal mlna aperntives
mine operatives
Gol nnd silver mine cperatives
Iron mine oparstives
Omeim i othot and not specified mine
Lead and sing mine oparakives
Other spocified mine operatives
Not, spec:ﬁad mive operatives

il, gw md sa.lt wel! operntives
fm well operatives
Salt wal

and works operatives
MANUFACTURING AND MBCHANIOAL INDUBTRIES,

Apprentiees to huilding and band trades

Blaeksmiths' apprentices

Roiler malkers' appmntmos

Cabinatmakers' apprentices

ters” apprenticos
3 appmum
Electricians’ apprantices
%nﬂhlnlsts nppri%nt,:m
asons’ npprentios
Paloters glszi *y and varoislers’ apprenticns
ara’ mpprentiths

Ploaterera’ apprentices

Plumbors’ o (fprent:m

Roofers’ and slaters’ apprentives

Tinsmiths' and nopparsmlth;:malmtiem
Appr to dress) nd

Dressmakers’ appren

Milliners' aﬂpmntim
Apprentives, ot )

Arohitects’, dwignm and deaftmen'’d ar:l)mnmou 5
Jewelors’ " watehmakers', gold.emnha and silveramithe’ apprentioes
nters’ and bookbinders’ apprentices

oS SOCo SaoeDs Se o
W SRS - OISR wIn] Iy
W MEITH RENOH AR PO

Other apprentices

Bul

Macksmitha, for and bammermen
Blacksmiths
Forgemen, hammermen, and welders

Gk kb ket R e e et ik Bk e et ot ke ek ek s
W WEMKWE BN DORm e OOl
WX RO NN SRRSO RGNS RIS
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LIST OF OCCUPATIONS AND OCCUPATION GROUPS WITH
THETR SYMBOLS ~- Continued,

%’;’fl‘ Oceupation and Oeeupation Group.

MANUFACTURING, ETC. - Continued.

Boiler makera

Brick aad stons maso

Builders and buﬂding contractors
Cabinstm

s
Compogitors, linotypers, and typeastters
Coopera )
Dmamakem and geamstresses (not in factory)

thl‘
Ekﬂ)tmwms atareotypers, and Hthographes
Eleotrotypers and sterectypers
Lithographers
Engineers (stationary), cranemen, hoistinen, eto,
Engineera (atationsry)
B Gmmmon. derrickmen, hoistroen, e,
ngravers
Fﬁem rinders, buffers, and polishers (metal}
u ers and polishers

Gt‘indcm
Firemen (excopt locorntive and fire department)
Foremen and overseers (mnanufacturing
Furnaes men, smelter men, heaters, pourers, ete,
Furnm men snd smeker s

et et St ek e o Bk

bt ok kot et
i SOOOOE D TOW WEEEE —pslag-y e O, DOARLRDE R b e

%a'dilm and pourers

CGilasa blowera ,
Towey ww:hmakm. goldumithe, and silveramiths
oldsmiths mlvummthn

Jew«lﬂm and lactory),
ewelors and watchmakers (not in factory}
Laborers (n. 0. B.1):
Building, general, and not apecified laborers
Chemical and allied industries

e

Paint and varnish factories )
Powder, cartridge, dynamite, fuse, and fireworks laetories
Soap factories
QOther chembal faetories

andl tobagen factorios

Is.s% glass, and stone industries

rick, tile, and terra-otts factories

Cilass factories
camaut. and artificial prone Ictories

PoMmlaie and stone yards

WP IS DOENSE O SN NGRIIT TERRNS BGR RO NGRSO GER S

FOPIIOEDES  BCDADI DRI b el et i el

} Not sthorwiso specified.
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LIST OF OCCUPATIONS AND QCCUPATION GROUPS WITH
THEIR SYMBOLS — Continned.

Sﬁ:,m' Queupation snd Qeeupation Group,

MANUFACTURING, ETC, — Continved.

Laborery (n. 0. 8.) = Continued.
Clothing industries
Caoraet factorice

Igim;.vte ftu la("t It}

at [notories (fe

Shirt, collar, and cu;
Suit, coat, cluak, and overl] factories
Other alothing factories

Tood industries

Butter, chevss, and condenged milk factorion
Candy factories

Fish curipg sod packing

Flour and grain milla

li‘t\ut and ;r:ﬁewble canmns, ato,

B et
Sugar I'nctorm and
Other food factories
Harnees and saddie mdustrma
Helpat o budlding and band teados
Tron and stoal indust
Agricultural implement factories
Automobile fuatoriea
Blast furnanes nnd stesl rolling mills ¥
Car and railroad shops
Hhip and boat huilding
Wagon and eatrs factorios
%ther u'o% Mild sl'.u.;l fagtot;rn:
ot apgelhod metal indus
Oth%r wetal indudtrio

il
Glock nmd watoh faotorien
llmer factoriea
Gaold and silver factories
Jowelry factovies
Lead and wing factories
menm. enamel-ware; eic., factories
Other m
Lumber and furniture indwstries
Furniture lastories
Pinon and factories
Baw and pla nEJmllla s
Q|

;

[ T W em o

D ANIBMBNEID  MBLIGMMELIMAE LS WM ACIOMM e MrRa 3G ML M0 Lo verbERREMD

i

3 Othaawouvl:;lv‘ la ng Inctoriey
l?‘nntim m’fd publishing

Lank book euvelope, tag, paper bag, eto,, fnctories
Pr ating, publishing, and aving
inting, p ing, and engr

Tannerien

SOGY LOPLKRD WEBAR I ORI IWGIN G Rk RS AT NI IR
RHEPgdm mEESERSE RRSRAMREES CDOAROWEE MOOAADIODBN OEIERS

1 Inpludes umplate 1 Innludaa iron foundries.
¥ Tacludes “Box factories (wood



332 ~ CAUSBES OF DEATH

LIST OF OCCUPATIONS AND OCCUPATION GROUPS WITH
THEIR SYMBOLS — Continued.

8&‘;’* Ovoupation sud Occupation Group,

MANUFACTURING, ETC. ~ Continued

Laborers (0. 0. ¢.) — Continued.
Textfle indusiries uatle
Catton mills
Knitting milly
] and embroidery mills
%ﬂk o cliyai fniahing, sad mills
bt » & ti
Wonlon o vesested gl Printine

Othe];mtﬂem?l“l:. il
empmui m|
Linen mills !

and cordage fartorien
s awniog, and tont facmnm
Not spwlﬁ«ci textite milly

Other industries

Broom and brush factories

Button factories

Thontrie It wnd powos plants

1Y WW p

Elsctrical supply fastories
G“thar 1k‘n.v;nl baatheor I
Leal %, cape, ote., factories

Lagnor and fswmga indusiries

box factories
Petralonm. refineries
Rubber factories
Straw factories
Trunk fsetories
Turpentine distilleries

ur mincellaneous induatries

not industries

Loom, fixers
Machinista, millwrights, and toolmakers
Mmhinistn o

Too!‘g;‘kare and die setters and sinkers
ks and superintendents (manufacturing)
Man aturers and officlale
nu autvrers

a
Menhamcs in. 0. 81
Chonamitiu, mibhe, sod bellbanges

gﬁlmalwnghts
Millees (grain, ﬂonr. food, ete.}
Milliners and millinery dea

Molders, fonndears, aod matm {irnetnt)
Brasy maldem, tounders, nnd canters
Tran molders, tounders, and pasters
Other molders, founders, and casters

Wiad: WHRMBUWE W EHNWH SN LNUNURBIWHN RNURWMHNW Lot
OO0 MEERNSN I OGS SO RO IR e e DO O
W NSRS KNS TR SUNIEARNOEZERNOXDMRCTE mANRDE MO

1 Not otherwise spesified,
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OF OCCUPATIONS AND OCCUPATION GROUPE WITH
THEIR SYMBOLS — Contigued,

Oveupation and Occupation Group,

e Wedotodidc B

EmSoRD SOOTES O
LoD R SDWOReS @

W e e P e e e b i e e il e B e i e
ey SR orinDr Rkl O0  OOOUIECRD BB DRI e
RS MAHARNCESBRRD OO0 SEROKe SRR CWRS

MANUFACTURING, ETC. — Continued.

Ollara of machinery
Painters, glwuars. varnishera, gnjameiers, ola,
lapqg uerers, aud japanners
FPainter, i , and varnishern (byilding)
Pamtera. glazlen. and varnishers (factory)

P ngers
barn and model makers
Plasterors and gement finishers

! ok

asterers
Plumbers and gas and stoam fitters
7] ] i

Progaunen s it
Raollers and wl?lgan { )
Rmfm nid slatars

Sa gaktﬂad operatives (n. o, g0k
Chei_n;;t:]; and allied indus

Paint and varnish {sctorien
Powder. cartridge, dynamite, fuse, and fireworka factoties

aotories

Ot.lmr chamioal fagtories
Cligar and tobageo factories
stone ind

Bnck tuie, and ferra-cotte factories
Glaas Tactories
Lime, cement, and artificial stons (eeiorios
Marbfmnd Btone yarda

Potter!
Clothing induntries
Corset factores
lave fwwri&s
t Enstorien (f
Shirt rollar nnd uuﬂ‘ fawtonw
uit, oont, nlo&k and overall lastarios.

er glothi
Food mdusmea

Butter, cheess, and condersed milk factorive
Candy fastories
Fish curing and
ll;lou: anél Krsin rglilla "
ruit and vegetable cam ng
Slaugtiior 253 baol ;

ughbor lﬂhﬁ

Sugar factories and refineriea

Other food factories
Harnoss fndusteion
Tron and steel industries

Agricultural im;plemant tactories

Automobile

Last furnaoes and ateel rolling il

t Inctudens tin-piste tactories,



334 CAUSES OF DEATH

LIST OF OCCUPATIONS AND OCCUPATION GROUPS WITH
THEIR SYMBOLS — Continued.

Bym- © Qea

I pati and O upation Group.

MANUFACTURING, ETC. — Continued.

Bomiskillad operativés (n. 0. 8.) — Continued
“ur and railrosd sho
Ship and hoat building |
Wagon and carriage factories
Other jron and steel factorjea t
Not spacified metal industiies
Chther metal industries
Brass wills .
Clock and wateh lactories
Cagger Tastories .
and ailver fuctoried
Yowelry Tactorien
Loeud and zine faotories
Tipware, enamel-ware, etc., factorion
(Qther mata) factorjen N
Lumber and futniture industries
Furaiture rion
Fiano and organ iactories
Saw and planing mills 2
Other woodworking factories
Puper and pulp milla
Printing and publishing 5
Blank book, exvelope, tag, papor bag, ete., fastories
Printing, publishing, snd engraving
Bhoe factories
anneies
Textile ingusgtim
Cotton mills
Knitting mills
Laoe and embroldery milln
eyt yaing, finishing, and printing milis
lle dyeing, ol ) BT hit
Woolen and worsted mife - Fnng
Othgr textilo mills
Hemp snd jute mills
Linen wilhs
Rope and cordage inctorie
Bail, awning, abd tent factories
. Not agamﬁaci textile mills
Other industries A
Broom and brush fastories
Bulding nnd band trades
Button (actories
Charcoal and coke works
eotrio lght and power plants
Lleetrical supply labiorien
Gas works
Lsather belt, lesther vase, ote., inctorien
Ligquor and beverage industries
Paper box factories

=

Sornrtithininiain ovoeRERS: DeSRRININONOR  TR4ndndr AN ST DT il e e dn R e b 0N 0B
Syhcaininnine i AR GLWW LIGNMIMIMINGEY Fommm =OOOO DEBDEDwoe S0&H-3-F
REXREOERSe DADG- RSRGRRD 0D SHBRE DEDRIBSSEED RODHN

1 Tnoludes irom foundtiss. 3 Tncludes “Box {actories {wood.)”
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QF OCCUPATIONS AND OCCUPATION GROUPS WITH

THEIR SYMBOLS — Continued.

Ocoupation end Oeoupation Ciroup.

mEtn AT  Gimondnavgringn
SO DWAWNCOIDO ik T T S
BPa NOMOPENGSG SRS Bk

B ED HBEAGTE ARG
ORISR i e SO
S kNS AN

E= 23
fa%
o

MANUFACTURING, ETC. ~ Contioued.

Qemlekilled operatives (0. o. 8.1) = Continued.
Petroleum refineries
Ruhhber factories
tories

W
Trunk fuatories
Turpentine distilleiea
QOthar miscollaneows ind ustries
Other not ified industries
Shoamaltera and eobblors (nﬂﬁ in factory)
Akitied oecupations (. o
Annealersy and temperera {muetal)
and organ tuners
Wood carvers
Other skilled ocenpations
Btomeoutters
weal iron workers (building)
Tailors and tejloresses
Tinsmithe and coppersmiths
Cnpperamitha
Tinsmiths and sheot metal workory
Upholetorers

TRANSFORTATION,

Water transportation (selected oceupstions):
fmen, eanal mon, and Tock keopers
Captains, masters, mates, and pilots
Longa horeamen and stevedores
S&ilora and deok hands e . -

tation (
Carn?e and hack drivers

Ditayrmoen, teamstera, and expressmen 2
Foremaen of livery and. iranafer EOTPADIcS
Carage kespery nrd managers

Huoetlers and stable hands

Laborers (garage, road, and street)

Gsﬂaga )

snd street building and repairing
Sum emning

Tuv stal‘:le Xeepers and mauugers

1olms and managers of transfor com|
le trauupnrmhmn {galected oucupauons§

b agenia
AROINON
Fx?;%m agpnts

1 Not atherwise speeified.

* Teamutory in agriculture, fovestry, and the extraction of ménerain sre

tha other workeen in those industries, respectively; and drivers for bnkmea and [xundrioa

aro dlassified with deliverymen in tr

olaseified with
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LIST OF OCCUPATIONS AND OCCUPATION GROUPS WITH
THEIR SYMBOLS - Continued.

8&""“ Ocoupsation and Occupation Group,

TRANSPORTATION ~ Continuned.
Rallroad traneportation (selectsd ocoupations): - Continued,
Boiler washers and engine hostlets

830 Lo engine
I'ER Brakemen
854 Conductor (steam tailrond
636 Condnrtors t rail
nen and overseard
6368 Emutx railroad
39 railroad
° Laborers
640 Btoan railroad
642 t rai
644 Locomotive engineard
6486 Lovcomotive firetnea
Motormen
f48 Hteam, raitroad
649 Street railroad
Officials and auperintondantis
6§50 Stonr ruileond
652 Btreot railrond
n, fingmeon, snd yardmen
654 Switchmen and on gst.ea.m railroad)
654G Bwltnhmﬂn and Aagmen (street railrond)
Bhé Y, mllmad)
853 Ticket and mmian :
Toxproas, post, t.elegraph and telsphons (salected uccupatiunn).
460 Apanio (axpreas com|
563 E!aneu mMasSOnEArs und rmlwny madl clerky
§ BB THEASATLOLM
864 Hoilway mail claks
4648 Mail corriers
668 Telegraph and telephone linemen
B70 Telegxaph MESHINEOrE
84712 ‘Tolegraph aperatara
674 Telephone operators
Other taoeportation
Foremen and overseers (u.
B76 Road and street bu.ildmu and repsiring
g ; g 'I‘ele*gap and tolephaons
n
879D Other transportation
.
68 ¢ & :
63 Other tmnsponaﬁon
Laborers (o, 0. B.1)
B85 aup mmwnm
G846 PE&
687 graph and ‘m!ephone
[X:X.] Water Wansportatio
8809 Other trsnsportatlon

1 Noti otherwise specified.



LIST OF OCCUPATIONS a37

W OF OCCUPATIONS AND OCCUPATION GROUPS W'I'I‘II
THEIR SYMBOLS - Continued,

¥

Shs;lw . Qeoupstion and Oecupation Group,

TRANSPORTATION — Continued,

Other transportation ll)uramta - Clontinued.
Proprietors, offieials, and managers (n.o.4.%)

s00 Telegraph angd telephona
a0l Other transportatio)
s sl stvent b g o ropniring
4903 and 9 ng
- =’ 4 Stemm. railvoad
695 Btrost rni'roa.d.
3Xi Telegraph and telephons
a0 Water tranaportation
689 Other ttansporbation
TRADE.
Bankers, brokors, and monay lenders
Bankers and i:s,n officdals
Commercial brokers and commisaion men
Losn brokers and loan company officials
Pawnbrokoers
Broiors . specified and promot
‘ b 0 clers
L Clerks in stores
- Commercial travelers
§ Dlecoratons, drapers, and window dreasers
Dwﬂwrymen

ukerws and laundrics

Flonrwalkers, foremen, and overssers
W kzam and foraman in atores 3
Fovemnun uson, shockyards, ee,
Inspegtors, gaugers, and ssmpien
Insurance nganta and officials
Insurance agenta
Officigla of i nmumnca PO es
it voal and lamber yards, warebouses, eba,
§ yarda
Elevatory
Lumbervards

L

iy

Warohonses
Taborers, porters, and helpers in stores
Nmbuyu
Froprietors, officlals, and managers (1. o. 81}
Erplayment offics kespers
Proprietors, ete., elevators
;r:mpriebors. ato., warshouses

Real otors, and managees
_ﬂtﬂm agents i
Agricultucal irnplomonts and wagons

1 Not otherwise specified.
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1IST OF QCCUPATIONS AND OCCUPATION GROUPS WITH ,
THEIR SYMBOLS — Continuned. )

—_

%’D‘i“ Qetupation. angd Qecupation Grony,
TRANE « Continued.
Hetail dealera ~— Continued,
738 Art atores and artista’ materlala
739 Automobiles pad aceessorics
T80 Bivyoles
741
Tty Boots and shoes
43 Butchers and meat denlers
44 Buyears and shippers of grain
LY ] Buyers nad shippars of five stock
44 Ruyers snd sh §mm of wther furm. produco
i7 Candy and sonfectionery
48 i and tobaceo
Carpots and rugs .
Ot and men's Tornishings
Conl and wood
Cooftes and b,

Crogkery, glagsware, and queengware
Cluping, antigues, and novolties
Pl
ment stores
Drugs and medicines, including drugiists and pharmacists
Dry goods, faney goods, and notions
Five and tém eant and variety storea
Horists (deslers)
Mo foedd

ATSARI Y S ey ad aFad aTaT aFadad ol n)ed admdnd el adad ey ad aFag oy g wF ml w7 w30 nf e wf ad o ol wf 3w T ny

9
L X']
6y
LE]
53
g 4

&
§6
57
LX]
® 4
60
81 r and
62 uit.
63 Furniture
64 Furs i
&5 G fixtures nnd wleetricsd supplies
gd General atotes
8 i s d cutlezy

ware, gloves, and cu
69 Harness and spddlery
; (11 Huckstors and poddiers
o0
72 Jowalry
73 Junk
74 Laeather sud hides
; ? Lumber
734 Musls and musien] instruments
79 Newsdealers
d¢ Qil, pnint, and wall paper
LB ] Optigians
82 Produee nud provisions
83 Rags
84 Btationery
86 Other spacified retall danlers
86 Not apecified retail dealera
Balostman and saleswormnen

BR Avctionesrs
84 Damonstrators
H

Bales pgent
SaJemren and saleswomen (stores)
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OF OCCUPATIONS AND OCCUPATION GROUPS WITE
THEIR SYMBOLS — Continued.

Ayayming mreq
coen @
Lo ondd

®eE0s 00OROCOSTD GSTD  JYNSETT  DODA W
BEUISIE DDt it S DD S
S RS@Er Gk O3 Dk BS

LOLan WM O
Wi PR ZSEAHNDE SRS BONY
T NOSULR oo

Ceeupation and Ooeupstion Croup,

TRADE — Continued.

Tndertakor
Wholesate dealers, i 1mtor orn snd saporiers
Other pursuity (sem:a ll
Fruit. grocders an
Muat cutters
Packers, wholgsale and retail trade
Other vetupations

PUBLIC BERVICE (NOT ELSEWHERE CLABSIFIED). .

e departnent)
CGoprds, wuwhmun. and doorkespera
Taborers (public service)
arbage men and scavengers

Other Iaborers
Warehals, qhenffa. detertives, ate.
outives
Mprahals and eonstablss
Probation and truant officers

Bherifis
Offioinls mnd oator (vity and oounty)
Officials. anﬁp mapwmra i )

Officiale and i {}
Offigials and insg dpectors (suta and United Statea)
Oﬂiumls nn ingpectord (Btate)

Otlmr Umw.l Btatos officiale
Policemen
Soldiers, sailors, and marines
Other pursuita

G-RAVOrs
Lighthouse keepers
Qther ossupations

PROFPESSIONAL BERVICE.
Astors and showinen
Agtors

chﬂi]u:nmmm
Acrtiats, sen) and tonchets of art
Anthors, od{m)m and reportors
ﬁ:hhmrs 4 o
itors and reporiers
& 13ta. myw, andd metalluxiats
gy
Collgfe presidents s professory

Demﬁum. draftamen, and inveniors
gpipnars
Dr eren
Inventors
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et OE‘ OCCUPATIONS AND OCCUPATION GROUPS WITH
THEIR, 5YMBOLS — Continuned.

%ﬁ"’ Oceupation god Oooupation Group,

PROFESSIONAL SERVICE - Continved.

Lawyers, judges, and justices
Musielans and teachers of music
gmmpaths

PMMMW

Teanhers (athletics, dancing, ete.)
Teachsrs iﬂehwl)

'I‘echnloall atg it ad
g ungu;urlt BUrvayors

Vaterimir BATE A M
Other pm easmnnl pursuits

upBtions
Samxamfmioml pureuite
batractors, notaries, and justices of peace
Fortune tellera, hypnotists, spiritualista, ete.
and phymt tni; aud surgeona)
uf

of
Officials of laciges, societios, ete.
Raligions, charity, and welfars workers
Theatrical owners, managers, and olfisials
Turfmon and sportamen

Other ooo

Attendants mal?m (professional servios)
Dentiste’ aasistante and apprentices
I..tbra.mns nesiatanty and attendants
Physlsinng' and pyrgeons' attendants
%mg hands and oireus helpars

Other attsudautl and belpera

DL INco0s S IDU0COOETEORA00r {BORO0 GSASANOIOSGON 5000 (ROBTOO0O0
WEODO D DOMOCENLWAN It SI-FJRI o SMinceiady
WA HOTE-YBIARK SO ARODGR 22D DARDS

DOMESTIC AND PERSONAT SERVICE.

Bar] hairdrassers, and mapiour
Bilﬁl:r“timom.dsmhallll :ﬁumnuk ete., koopers

Dunm hnll &»ﬁnﬁ rink, ebe., keopeorn
erdmgkaﬂd lodpng CUBE k.eepera

Charwomen and olernera

Elovator tendern

Hotel kespers and managers

Ho und stewards

JTanitors and sexions X .
Lahorera (domestic and profesgiona)l sarvice)

WVPLETLOEBGE O
P e D ODD D
NGO RIG D

1 Inetudns, atso, ail technical engineers not elsewhers clasvified.
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LIST OF OCCTUPATIONS AND OCCUPATION GROUPS WITH
THEIR SYMBOLS — Continuied.

Oooupation and Ocoupation Group.

il

DOMESTIC AND PERBONAL SERVICE — Continued

Taunderers and lwondresses (not in lnundey)
Faondry operatives
Foromen and overseers
Laborers
Other opetatives
Laundry owners, officiala, snd managers
Manmgers aod officisls
Owners and proprietors
Midwives and nurses (not trained)

Midwi
Nurm (not trained

Portars. gommt:c and profesaional serviee
Porters, steam railrond

Other portars (except Ln atorea)
Fewtwuraot, oafé, wnd lunsh room keapers

Servants
Isall boyn, shore hays, st
Butlers

and footmen

Ladies’ maids, valets, ete,
Nurse maids
Othm' aorvants

Othar pursuits
artendets
Bn.thhnuse keepors and attendants

Iamm*a und ronovalors gnlothmg, wle,}
Huntars, trappars &
Hndonn. lkeepers

mbralls mendeta and scisaors grindera
thor acoupniions

HOCPRVDOD SLOCPEODE CHODS VY OE LoD S
AT LR DA I At WA S WA W
@SN HNODDSRIDOIE S el D e b

CLERICAL OCCUPATIONS,
Agents, Bl;aa“mem' snd collectors

98¢0
982 &nw
P54 ontars

Pookkeopers, cashiers, and accountunts
g g g gz:auntantb :2& auditors

Clocks (exoept clerks in storen).
440 Ship;i:ng clerks
962
bods Other clerks

, bundle, and office boya and girls1

94 Bundlo and cxsh boys snd
g g z Mossenger, orrand, and offies boys and girls

apber and typista

1 Exoopt telegraph meeeengos.
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INDUSTRY INDEX

industry index. includes most of the manufactunnf and a few other industries.
Emh industry 1s preceded h,y its "laborer (n. o, 8.7)" symh and is followad by its *'semi-
skilled operative (n. o, A ﬂvmbol Thm index be b ermd to anly when the

to be classified is pl g “latwrer” or a semmkﬂlad oceupation and is
not included in the alphabetmal index,

For the purposes of this elassifiestion, those gecupations are congidered *‘seminkilled’
tho pursuanoe of which only a short period or o period of prelisinary training is
nevessary, snd which i in their PUrsnance eall for only & moderate degree of judgment or
of manusl destority.  “Laborers™ see considered to mclude thona occnpations the work-
org in which require no training, judgment, or manual dexterity, but supply

y muscular strangth for the performnnoe of coarss, heavy work,

Hem)-
gﬁ‘?{.ﬁfl INDUSTRY. aldllgd 1

3

it
Apiatists” 0UPPLIN. .. .. oo e s
Arc and mca.ndeaeent lamps. oo e
nﬁnw.l Fa) 1= o D
ificial lhmbs. ... T P PR
Artificial gtone. ...,
Artigta’ materiala,
bestos uete

Asphalt works.

Antomobile repair 8hop.. . oo Cvererananaey
Automobxle BOPVIOE SEREON. .., e e
Antormobiles. . ... . . e e e i e i iaaeaeas
Axva and hatcheta ..................... AU Cieen
Asle proase. ... .. e e e e
Balbith metal. ... ... oot s rirr s vy

£0 53 B 1 1S 6 13 B3 13 £ 03 43 b3 4O bI A3 03 13 82 B0 bR BA 2R B2 0O £ G0 13 B 00 €3 1 52 b by 0 BS 4 12 O3 b3 b3 b
S BT OO N WD TS M SRS DA S W N T =AU RACRDARED TR D
e e e N L T R e N g - = Y ST N L Y Y - 2.
e £ 8 78 e 8 B D S O Qe e o SR T e S i e e e S e 1 e o ol 208 ol 7 o e
W 0023 1 B S 00 45 002 & €3 £0 3 1D O s £ 1200 -TU0P003 00-60 I3 53 ~F I Ch & 2 00 b2 T ~F 800 ~T OO T
Be i 13 oo B3 15 T T o s B0 B s B €D 53 13 ga 9 00 B2 13 B BI0D W b 1 o ob 30 1300 i S OGO BS I 23 v BS

1 Not orherwine wpecified,
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B

INDUBTRY,
2 17 3
Boiler BHOP...vvcvuiivirraseeenns

Bolts, nuts, washers, and rivets
Boveblagk.....cconeiuiviviiiiiana. PR

Bookbinding. .............

Boot and shoe gut stock. |
l?’zt angdshoe ﬁnﬁ.;t
s and shoes ..
Boots wod shoos Erubbu’%. N
Bottle fastory. . .......
Bottling works {n. 0. 8
guxea Ecigael;).
oxes (paper),
Boxea .

Buckles(uon)......'.'.'.'i... LI L
Building and hand trades. . ... ..o
Butter, or butter reworking. .. ... N

nstinga (iron
elluloid mvolmu ;
oot Aot BYPHUI . o ou e car e e a s
ereals and brenkfast foods. . ... e
1T R Ut o) . NN
haroonl and eoRe. . ... o e

nnnnannann

HOWATE B, ..o s e et ee e
hina dsmrsting S
ARTBIWALD . hovnar ey
hivels andt platies., .
hoox late and cocos
zars and slgaratt:
eansing praparationa, . .
ook and watah matetiala. ...
ocks snd Wabehan. e
lot]
0|

h sponging and Tefinishing. . ... ol LI
m(emapt suits, coats, cloaks and overalls)........ ... ...

[elwiviainiele; :‘)OOOOOQQO

i
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Laborex
wymbil,

INDTETRY,
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DBOSR DM IESE RSP RICOERISEERNBRRRSITRCOCIDIICSHEORDAINGHS RSO B 5 0 005 O Os 00

Clothing (suits, coats, cloaks, nnd overalla)
e roasting and grmdmg

ESIRTE O Ol
8gmbs and hau‘pim (umq:t motal and rubber). ..o
minrtaand
(knfmionery .

&mpermﬁvtogr o yefining.

Doors sud shutters {iron),
Doors and shuttera (wood). ..............
mj gloak trimmings, breida, ste.. ...l

pillows and
;aathamudp[umu ......................................
Felv, or felb maidd, L0000 000 00U RN
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FOPSOr TROMIEY - oo e eee et oereesees e eeeeens
Foraliser TSSO OOR RO

¥illers (uudmpuintlm) U evea

g sy ey
3
&
-]
g

Frult drying. .. ..
Fuel man

L} aa
G‘uoEd or lilver faltory
Gaold or m Toaf i fod
Grain slevatdr. .. ......,.. .
Ciraphite, sround and refimed. ... oivii e

GETAIABLODOR. < s vv s 1roetvrrnnsieerersissnsrrnirisreerrnaeranrns
Golbmill. ., cvvves i e e e
guanowgrks i .
e A pm

Tiak woe

ing
Hut and cap materials
Hats and capa (except felt, straw, and wool)

Hopee and whetatones. ... ...o......... oL .
Hos, rubber or WOVOD, «.vvvnineryuiinnas s e . )
Hosiery mill

W maaderrdny et t A aran brrran KoV dimnys EREXIE ey
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Labgrer

symbol, INTUSTRY.

Hot air furnases. .. ..o ciiiaiarairriiaiein
Horse hlankets, carriage robes, ate..

- Houwse fyrnishing goods (6. 0.

Toe eream. ...,
Tos, manafactured
Implement factory.
Incubstors and b

Iron furnace .
vory, shell, ot b
Japanning (. &, 8.). ... ..

Job printing. .. ... .iiieer i e
T

RGP, . cens
Laco ;ru;lmbmzldm il

Legd srnelting and refining. ..., PPN
T
Leather cases and pocketbooks, . .ov.oiviiiiiiiaan, e
Taather goods (D 0. 800 v vvararirrrns Ve

Lightning rods....... . .

Linseed oil
Lithographing. ..
Loeks, hinges, ate, .

Machine shop
%achmery‘ (all used in manufasturingl, ..o,

7 LS
Marbleorstone yard. . .........oovcirans Ciraaanen
Mustzy, upans, o, wod BEEANE. L. oens v e

Mops and dusters
Moroeen

o2 Gt i O O SR 3l 00 v T D i £ 20 0 S 2 3 OB 0 3R € D TR OB 4D DN A - 2 e i e B 00 GE D D Wi AT 000 O im0 DD SIS A I T G TR S B G
ISR DERR IR BRSPS ORI ACO RS OSAT NS HNARNBRRS SRR IRETIRIR SRR E

Tarto