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PREFACE

THE writer of this Introduction to Social Statistics has
kept continually in mind the public for which he was writing
it. He is interested neither in startling the statistician nor
in delighting the mathematician. He has been teaching the
elements of statistical method to sociology students at the
University of Wisconsin and realizes that few of them will
ever become professional statisticians but that all of them
will have to deal with statistical studies and present their
findings in an intelligible manner. He has in mind also the
army of volunteer and professional social workers who today
are expected to deal with facts rather than with fancies.
This is not a public of mathematicians; indeed, most of the
users of this book will have long since forgotten their alge-
bra and most of them would be completely stumped by a
problem involving the extraction of the square root. This
being the case, the writer has endeavored to make as simple
as possible the use of only the most essential mathematical
formulas and has made no attempt to explain their deriva-
tion.

Students usually approach a course in statistical method
with a decided “complex.” It is often required of them,
they recognize it as a necessary evil, they feel that it will be
hard and that a subject “as dry as statistics” cannot possibly
be interesting. The task of the teacher is to dissolve this
“complex” and make the subject live. In the first place, an
elementary or introductory course in statistics should be
both elementary and introductory. There is no object in
swamping the student with heavy theory and method which
the average student is incapable of understanding and
which, in all probability, he will never use. In the second
place, the teaching of statistical method should be carefully
motivated. Hours spent in the statistical laboratory are
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worth far more than the best of lectures on the subject. The
writer has met with the best response from his students by
using his one weekly lecture period for the purpose of dis-
cussing the laboratory work and relating it to actual and
practical social problems. In the laboratory one statistical
project is carried through the entire semester. One semes-
ter, for example, schedules were placed in the hands of the
students, calling for information regarding the age, age at
marriage, nationality, occupation, and cause of death (if
dead) of both parents and grandparents; also the number
of children in the family and their ages. Such schedules,
filled in by the students and their friends, were assembled
and carefully edited. The entire semester was spent in
working up the data. Toward the end of the semester, on
the basis of the semester’s experience, the students criticized
and revised the original schedule and drew up complete
plans for a statistical investigation in some other field.

Another semester the class worked in much the same man-
ner with birth certificate records supplied by the State Board
of Health. Each student worked with a different county
but with records covering exactly the same period of time.
This method better motivates the work of the laboratory
than isolated problems. Statistics are ndt dry unless
made so.

There may be some question as to the propriety of naming
this book Introduction to Social Statistics. An introduc-
tion it is, but it is a social statistics only in so far as it aims
to meet the needs of those who must understand and use
statistical method in elementary sociological research.

The writer is indebted to Professor Richard T. Ely, who
made this book possible, to Professors Edward A. Ross and
John L. Gillin for inspiration and guidance, and to Profes-
sors Harry Jerome, Jacob Perlman, and Roy J. Colbert for
critical reading of the manuscript.

CLARENCE G. DITTMER
Madison, Wisconsin, May 4, 1926
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STATISTICS AND THE SOCIAL SCIENCES

Abstract speculation versus the scientific study of facts. Need in the social
sciences. Statistics as an old science. The need for a new application. The
causes of the present importance of statistics. Statistics as “social book-
keeping.” The purpose of statistics. The scientific method in the exact
and the social sciences. The limitations of statistics. Statistics and in=
tellectual integrity.

ANy “cracker-barrel” philosopher of the village grocery
store variety can tell you just what is wrong with the world,
and exactly what to do about it. I am afraid, also, that he
has colleagues in far more spectacular environments, who
are using his identical methods of deduction. He has lived,
he has observed life about him, he has read. On the basis
of these experiences and his environmental stimuli, he
weighs and evaluates as best he can and then just comes to
conclusions. His scientific method may be faulty, but his
convictions are none the less strong.

Since the beginning of time, men have speculated about
qualitative fact in an attempt to straighten out their natural
and spiritual environment. It is only natural that “the
study of the vital, fundamental, inescapable phenomena of
human life has gripped man from the very earliest time.”
Through this method, which might be called the philosophi-
cal method, men have made great discoveries, but most of
their conclusions would have to be classed as opinions.
Even what we know today as the “exact sciences” had their
beginning in this manner and became scientific and exact
only as they applied methods of exact measurement to the
field of quantitative fact.

Today we refer to that field of endeavor which has to do
with the study of human relationships as the Social Sciences,

3
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and it is a question in the minds of many, whether in their
present state of development, they justify being so
designated. Some even contend that human relationships
are of such variable and highly complicated order that it
will never be possible to reduce their study to the status of
an exact science. Be this as it may, modern society is de-
manding less of the “cracker-barrel” philosophy, and more
of the exact conclusions which come from the unbiased,
unemotional study of measurable, quantitative data. We
are now no longer content to “plant by the moon,” and in-
cantation forms no part of the chemist’s laboratory equip-
ment. The physicist tells us less of what he thinks, and
more of what he has demonstrated to be the case. The
present prestige enjoyed by economics is due to the fact that
it has largely given over the method of abstract speculation
and insists on making a scientific analysis of facts. If the
other social sciences are to justify their name, or even to
hold their own, it will be because of the continued and
further application of statistical method in their research
projects.

Statistics is not a new science. The word itself is nearly
two centuries old, having first been used by Aschenwall.
Previous to that time the term Political Arithmetic was cur-
rent, and describes far more accurately its earlier function.
The word comes from the Latin word “status,” meaning the
state, and the Italian word “statistica,” meaning one versed
in matters of the state, which is an indication of the fact
that statistics were used mainly in earlier times as aids to
rulers in the art of state-craft. They were even used by
primitive tribes as a sort of historical reminder in the form
of notched sticks, knots tied in cords, piles of stones, and
various other methods. Modern statistical method probably
had its beginning in the periodical census, which, however,
did not come until near the beginning of the eighteenth cen-
tury, when Frederick William the First began gathering
semiannual reports on the economic condition of his people.



STATISTICS AND THE SOCIAL SCIENCES 5

In earlier times censuses were occasional and extend into
remote antiquity. Even in the Bible we have our book of
“Numbers” and we read in I Chronicles, Chapter 21, in in-
teresting detail how David numbered his people for the
purpose of determining their fighting strength. “And Satan
stood up against Israel and provoked David to number
Israel.” Accordingly, having been prompted of the devil,
David commissioned Joab to number his people, but Joab
demurred, expressing his desire that “The Lord make his
people a hundred times more than they be.” “Nevertheless,
the king’s word prevailed” and Joab accepted his commis-
sion. The results of his investigation were of primary in-
terest. He found the total population to number 1,000,000,
of whom one out of ten were soldiers. “But Levi and Ben-
jamin counted he not among them: for the king’s word was
abominable to Joab.” Interestingly enough “God was dis-
pleased with this thing: therefore he smote Israel” and for
three days the plague raged and of the 1,000,000 of the
population, not counting the tribes of Levi and Benjamin,
the specific mortality rate from this plague was 70. Thus
did God punish the children of Israel for David’s sin in
making this earliest recorded census.

We may read into this old story an antipathy to censuses
probably of long standing. They were quite properly taken
as “works of the devil” by harassed populations who pos-
sessed no other explanation and who saw in them merely
new aids to further burdens. The census meant two things:
that the king had in mind a new military draft and that new
taxes were in the making. May we conclude that Joab, in
opposing the census, was a better statesman than the king?

During the middle of the seventeenth century, John of
Gaunt made important discoveries from the study of mor-
tality statistics. This led Edmund Halley to lay the foun-
dations for modern scientific life insurance. Before this
time life insurance had been known, but it was little more
than gambling on the lives of sea captains.
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A history of statistics as it has been used through the
ages would be interesting, but our purpose here is to show
how it has come into a new use. We no longer use it merely
for purposes of historical reminder, or as an aid to state-
craft, important as these phases are, but for the general
welfare of the social population; for the purpose of under-
standing and bettering its condition. The modern census
is very different from the old. Not only is it periodically
collected, and does it gather information with regard to
economic conditions, and fighting strength, but also with
regard to social conditions, and general welfare as well.
Lester F. Ward presents to us the gospel of Telic Progress,
but it will be only through exact statistical knowledge that
society will be able to promote its own progress—to lay out
its own path—not through mere philosophizing.

There are three causes of the present importance of sta-
tistics. In the first place, this is an age of large numbers.
Social relationships are so extended and knowledge has so
increased that we are faced with the necessity for scien-
tifically classified knowledge. It is now impossible for every
man to know everything. It is impossible for him to know
thoroughly more than a small part, even in his own highly
specialized field. Today nations are composed of many
millions of people, whereas in the old days, they were com-
posed of thousands. We are compelled to think and to talk
in terms of such large numbers that many times it is im-
possible for us even to grasp their significance. An indi-
vidual is usually limited to what he can himself see, or ex-
perience, but modern means of communication have greatly
extended his seeing and experiencing faculties. But this
very extension of knowledge increases the difficulty in form-
ing judgments and coming to conclusions. He is balked by
the fact, and is compelled to turn to statistical analysis or
classified knowledge even to understand what they are all
about. In the second place, scientific method demands it.
Society is no longer satisfied with haphazard guesses, and
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demands that those who are trying to regulate our social
affairs be as well versed and know as well what they are
about as those who are working in the field of the natural
sciences. In the third place, just the business of living is
becoming more and more a scientific process and social pro-
grams, matters of scientific procedure. It is easy enough
to either hold or to refute opinions, and it is altogether too
easy for both to be based upon prejudice and superstition.
People in general are still prone merely to react, because
“thinking i8 such hard work.” Statistical facts, whether
founded or unfounded, seem to be unanswerable. On the
one hand, we accuse statistics of lying, but on the other, we
clinch our arguments with them where we can.

Statistics have been called “social bookkeeping.” Society
needs balance sheets, cost accounting, and sales reports as
much as does the merchant. The general storekeeper at the
crossroads can get along very well without complicated sys
tems of bookkeeping; it is possible for him to keep many
of his accounts in his head, but the great merchant or the
head of a large corporation is completely lost without them.
So it is with a small community. In the earlier city states,
which were composed of only a few thousands of individuals,
it was possible for the rulers to know at first hand, most of
the conditions of their people. But in the modern great
state, composed of hundreds of millions of people, govern-
ment cannot proceed by guesswork. The facts must be at
hand. Chapin has well said that “Centroversies over social
problems usually give rise to more heat than light”; a deep
truth which indicates our need for an exact statistical
measurement of social phenomena.

Jerome has said that statistics “is the art of extracting
significant truths concealed in masses of numerical facts.”
Long as statistics have been known and used, it is an inter-
esting fact that the modern science of statistics is scarcely
a half-century old. We have at the present time great
masses of statistical data but with so little standardization



8 SOCIAL STATISTICS

of method as to make them almost useless for comparative
purposes. “During the past decade, however, methods of
dealing with statistical data have been so greatly improved
that it is becoming possible to interpret social, economic,
and vital relations, and even to forecast future trends.”
They are used to predict economic crises, to study unem-
ployment, to ascertain wage rates, to determine the reasons
for,and the conditions of poverty and dependency, as a basis
fof granting pardon and parole, to aid social workers in
dispensing relief, and to check up on most of our philoso-
phies and theories of general social welfare. But statistics
must not be thought of as merely an aid in the study of
socio-pathological conditions. Statistics are needed as much
or more for the study and understanding of the normal
functioning of the social group in a state of health.

Pages of uncorrelated figures are bewildering and capable
of wide misuse and misinterpretation. It is the function of
statistical method to standardize the technique of presenta-
tion and interpretation, and to safeguard against their mis-
use. The science of statistics, however, is not an end in
itself; it is merely an essential means to a supremely im-
portant end. Its aim is to designate relative importance, to
evaluate, to distinguish between important facts, to place
first things first, and to give perception.

Social statistics deals with the measurement of social
forces. It is the exact scientific method applied to the study
of human relationships and is fast becoming the universal
language of the social sciences. As a science its method is
far more difficult than the scientific method as applied to
the field of the natural sciences. There the scientist deals
with forces which are beyond the control of man, such as
physical forces and chemical reactions. Other things being
equal, the law of gravity always operates in exactly the
same manner. Chemicals of a given purity always react in
combination as they have done before. But social science,
in dealing with social phenomena, is dealing with a group of
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forces which are man-controlled. It is not always the case
that they act in the same manner; the reaction of a force
in one community will not necessarily be the same as in
another, nor in the same community at different times.

For the sociologist the laboratory method is either im-
possible or very limited. Human relationships cannot be
isolated in test tube and tested in flame. He must study
passions, attitudes, and activities as and where he finds
them. He cannot direct them, he cannot even bring them
into being at will. Because of these difficulties sociologists
have in some cases decided to content themselves with what
they have mistakenly called a descriptive science.

Again “statistics are extremely dry”; every one knows
that—we suffer a sort of a psychological complex in the
presence of large groups of figures. But if statistics are
dry, or are thought to be, it is mainly because of faulty
method. Now it is the rdle of the modern statistician to
study the psychology of statistical presentation; the prob-
lem of how to carry and impress the message. If ‘hey are
of supreme importance, if they are necessary to the guidance
of our lives, if it is impossible for the social sciences to be
scientific without statistical method, they cannot be dry.

A word of warning is now in order. What statistics can
actually accomplish in its present state of development and
what we desire to accomplish through its use are two very
different things. At best, the science of statistics is capable
of measuring measurable phenomena, of discovering corre-
lations, and other relationships. But to this must be added
a large measure of common sense. We might discover, for
instance, a direct correlation between the increased con-
sumption of automobiles and the increased amount of
divorce, but the mere fact proves nothing. It may be only
an accident. Again, we have an amusing illustration of the
use of statistics for philosophical purposes, in the publica-
tion of Johann Peter Sussmilch, who in 1741 attempted to
demonstrate statistically the doctrine of “Natural Order”
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in a document entitled “Reflections on the Divine Order in
the Mutations of the Human Race as Indicated by Its
Birth, Death, and Propagation.” Noticing an approximate
equality in the sexes at the time of marriage, he saw proof
of a divine command in favor of monogamy. Noticing also
that the death-rate in the city is higher than that in the
country, he decided that in the cities vice and luxury flour-
ish, bringing down the wrath of God, and decided in favor
of the country. Faulty as his methods were, we have here
the beginning of the use of statistics for definitely social
purposes.

Finally a word about statistics and intellectual integrity.
It seems impossible that there could be better training in
honesty and in exactitude than in the practice of statistics.
In order that our statistics be of any value whatsoever, it is
necessary that the statistician be scrupulously honest in the
use of his figures. He must use exactly what he finds, and
report the same. No statistician can be a statistician in
the highest sense of the word, and juggle his figures. He
must have all of the qualities which we would expect to find
in any scientist. He must be willing to face facts, he must
be open-minded, he must possess an unbiased zeal for the
truth, and he must be capable of application. He must be
scrupulously exact in his use of the data in hand, and he
must be blessed with the same type of constructive imagina-
tion that is used by the exact scientist in his laboratory.
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THE FIELD OF SOCIO-STATISTICAL FACT

The people who should be interested in social statistics. Social statistics
studies society as much in health as in disease. Previous analyses of the
field of socio-statistical fact. A new analysis. The whole field of social
relationships for all social purposes. Analyses of related fields: business
statistics; vital statistics; medical statistics; educational statistics; and mathe-
matical statistics.

StaTisTIcAL studies have been written for the use of edu-
cators, psychologists, biologists, health workers, economists,
political scientists, demographers, and many others.

In general the separate fields are fairly clear, but to whom
would an Introduction to Social Statistics be of interest?
To what fields of human endeavor should it be aimed? Per-
haps, first of all, we should mention the sociologist, whose
aim is the scientific study of society; to discover trends,
uniformities, and, if possible, laws. The formal sociolo-
gists themselves, however, are greatly in the minority.
Scattered over the world are men and women by the tens of
thousands who are engaged in active service to society.
First in this class come the trained social workers, who are
actually engaged in social welfare work. Second, all those
whose endeavor is primarily religious: the clergy, church
workers, Y.M.C.A. secretaries, and many others. In the
third case we might mention teachers, in so far as their
work is a definite social endeavor. Teachers are interested
not only in the technique of teaching, the technique of the
best presentation of their particular subject, but are also
interested in the welfare of their students. They are inter-
ested in knowing where their students come from, their home
backgrounds, their cultural environment, their physical care
and nourishment, what are the stimuli which are affecting

II
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their school work, and what can best be done to improve
their condition. Teachers eminently need social statistics,
and teachers are beginning to use them. Finally we come
to that great group of individuals which includes every one
from the business man to the club woman, people who, in
addition to their normal activities, are interested in doing
what they can to improve social conditions. To this large
class of people, then, who are interested in the problems of
social welfare, who are interested in knowing exactly what
the social conditions are, and how they can be improved,
this book on social statistics is addressed.

Modern social life is complex; it is no longer socially per-
missible for a person out of the goodness of his heart or the
softness of his emotions merely to dole out alms to the
needy. We realize that such activities merely result in
pauperization; that we must, if we are scientifically and
properly to ameliorate the conditions which surround us,
know the facts of the case at first hand. Again, our social
organism is not only so complex, but so large, that it is
impossible for us, without the aid of exact statistical infor-
mation, to know the real scope of our task, and what should
be done. Secrist has said, “The possession and use of facts
in business today show the difference between success and
failure,” and in the same manner in our social or religious
work it is only the possession of facts which makes success
at all possible. The business man who keeps his accounts
in his head is fast going under in the economic struggle for
existence. Likewise the sociologist who bases his theories
on broad generalities and “philosophical reasoning” is be-
coming a thing of the past. The social worker, in whatever
field of endeavor, who is ruled by emotions rather than by
facts, is finding the modern social problem far more than
he can handle.

Our first task, then, is that of defining the field of socio-
statistical fact, the field within which the student of society
may expect to find data of his major interest. First, let us
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notice that since sociology represents a general, rather than
a specialized, field, as is the case with economics and politi-
cal science, the field will be much broader and indeed will
contain certain information already covered by these special
social sciences. Not only is it general in nature, but it is
also far broader than it has been in the past conceived. The
modern interest in the statistical study of society and its
problems probably received its first definite impetus from
Mr. Booth’s Life and Labor of the People, which appeared
in 1889. Mr. Booth was first of all interested in, and
studied conditions of, poverty. Since his time statistical
method has been increasingly used in social studies, but still
mainly for purposes of amelioration of adverse social con-
ditions. Some one has said that the best way to understand
the physical body in sickness is to study it in health. Simi-
larly, the best way to understand society in an abnormal
state is the study of society in a perfectly normal state.
Thus statistics must not be limited merely to a study of
social pathology but must include also a study of society in
health. Again, we must not limit ourselves merely to studies
in demography and vital statistics. The study of the social
organism as a whole in all of its manifestations must be our
field of endeavor. The social survey must aim to reveal the
good as well as the bad.

It might be well now to notice the organization of the field
as presented by Mayo-Smith in his Statistics and Sociology,
which appeared in 1904. He analyzes the field in the fol-
lowing manner:

1. Population in itself is a very general conception, and
does not carry us far in describing social organization. It
is necessary to proceed at once to classification. The most
important lines of classification are as follows:

(@) Demographic classes. The individuals of the popu-
lation are distinguished according to differences of sex,
age, conjugal condition, and physical health. Connected
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with this classification we have the social phenomena of
births, deaths, marriages, and sickness. All these are im-
portant facts influencing the social organization of every
community.

(b) Social classes. Men differ in social position, re-
ligious confession, occupation, material condition, and
ethical conduct. The differences in societies in these
respects often mark the stages of social well-being and
make for progress, peace, and stability, on the one hand;
or retrogression, discord, and instability, on the other.

(¢) Ethnographic classes. Men differ in race, blood,
and nationality; hence societies differ in ethnic compo-
sition, race character, national ideals, and political alle-
giance. These facts have attracted much attention be-
cause they underlie political science.

2. Physical environment. Population is possible, of
course, only as conditioned by physical environment. The
relations of population organized in society to the land are
important facts for sociology, and these relations have to be
followed out in all the divisions of population noted above.

3. Social environment. As men live together in social
relations they develop language, customs, institutions, social
and ethical standards and ideals. These constitute what
Herbert Spencer calls the superorganic environment. By
them all the phenomena of social life are modified, and the
new relations thus established are, perhaps, the most im-
portant elements of social organization. The relation of the
population to the physical environment is also very much
modified by these influences.

4. Finally, we have the fact that social relations are
changing. It is necessary to trace these changes and how
they affect social organization. It is here that we come
across the doctrine of social forces and need some scientific
method of measuring their strength. This is sometimes
called dynamic sociology, but the distinction is not an im-
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portant one for us, as in our study we shall find that all
society is dynamic.

Bailey, in a similar effort which appeared a few years
later, divides the field much more simply as follows:
1. Sex, age, and conjugal condition
. Birth
. Marriage
. Death
. Growth of population

wnihHh LN

I am afraid that, excellent as these works are, we must
conceive of the field of socio-statistical fact in even larger
terms. The very largeness of the field may result in some
discouragement, but at least it indicates to the socially
minded individual that source from which he can draw exact
statistical information for the discovery of facts, uniformi-
ties, and laws. The following outline aims to be suggestive
rather than all-inclusive:

THE F1eLD oF Socio-StatisticaL Fact
. Population quantity facts:

Births, deaths, immigration, emigration, density of popula-
tion, population shift.
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. Population quality facts:

Defect, subnormality, disease, normality.
Leadership, genius, talent.
Illiteracy, poverty, pauperism.

3. Population composition facts:
Age, sex, color, race, nativity, parentage, conjugal condi-
tions, occupation.
4. Socio-ethical facts:
Marriage, divorce, desertion, illegitimacy.
Crime, suicide.
Philanthropy, charity organization.
Educational association, religious association, political
association, fraternal association, social cooperation.

5. Socio-economic facts:
Hours and earnings, conditions of labor, industrial acci-
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dents, compensations, child and female labor, unem-
ployment, industrial unrest, national prosperity,
distribution of wealth, standard of living, housing, occu-
pations.

6. Socio-political facts:

Social legislation—facts indicating the social efficiency of
political organization, elections, shift of allegiance, use
of franchise, citizenship.

7. Socio-psychological facts:
Lynchings, revivals, panics, fashions, crazes, booms.
Constructive cooperative effort.

The whole field of social relations, then, whether they
have to do with the population itself or with ethical, eco-
nomic, political, or psychological factors which rest thereon,
is the field of endeavor with which the social statistician
has to contend.

The earliest censuses on record have to do with the
gathering of population quantity facts, for the purpose of
aiding the monarch in determining his potential wealth and
power both in times of peace and in times of crisis. These
facts are of as great value to us today for the same pur-
poses, but we are beginning to realize that they are of even
greater value to us as indexes to many specific conditions
of general social welfare.

It is interesting to note, for example, that in neither
France nor China does the population seem to be increasing
at any very marked rate. In the case of France, this may
be and probably is due to the exercise of prudential re-
straint, whereas in China it is a strong indication of the
tremendous pressure of the population on the food supply
and a high death-rate. Many seemingly strange social con-
ditions in China can be explained directly in terms of popu-
lation pressure, while in our own earlier national life the
absence of population pressure and the presence of free
land had their very definite effect in forming our social struc-
ture. It is only now and as a result of feeling this pressure
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that we are beginning to revise our opinions on the desir-
ability of free and unrestricted immigration. We have gone
further and are studying the problem of our own genetic in-
crease in the light of statistical facts. We have discovered
that the “race-suicide” specter is less of a danger than we
had thought.

The registration of births and deaths was once left to the
haphazard records which were kept by the clergy, while
today most of the states in the union are in the compulsory
birth and death registration area. We have long been num-
bering our live stock, but now we are beginning to realize the
necessity for knowing what is happening to our children.
With regard to the quality of the social population we know
very little, but the next generation will know vastly more.
We have made a start in gathering statistics of sex, dis-
ease, and subnormality, but we are still neglecting the field
of leadership, genius, and talent. With regard to the com-
position of the social population we have done much in
America, probably due to the fact of the composite nature
of our population, which has in itself given rise to many of
our social problems.

Let us now turn to some typical analyses of related fields.
These will be suggestive to us as indicating what we should
expect to accomplish within the field of sociology.

The first and most suggestive is contributed by Secrist in
his book entitled Statistics in Business. His analysis of
that field is as follows:

1. Labor facts:
Wages, wage-rates, and earnings
Hours
Union membership, and types
Strikes and lockouts
Accidents
Compensation, industrial and health insurance
Unemployment
Turnover
Immigration
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2. Capital facts:
Capitalization
Resource
Earnings

3. Production facts:
Agricultural crops
Raw materials extracted

Manufactures
Stocks on hand

4. Population facts:
Geographical distribution
Occupations
Earnings

5. Market facts:
Money
Banking
Credit
Trade
Commodity prices
Security prices
Competition
Failures
Forecasting

6. Land and building facts:
Land and building values
Taxes
Restrictions on use

7. Transportation facts:
Foreign rates and fares
Foreign facilities
Domestic rates and fares
Domestic facilities
Domestic control

8. Law and policy facts, as expressed through law and the
activities of:
State railroad and utility commissions
State tax commissions
State industrial commissions
Federal Trade Commission
United States Department of Agriculture
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United States Geological Survey
Interstate Commerce Commission
United States Tariff Commission

The field of vital statistics is here illustrated by Whipple’s
book under that title. In this book, in addition to a dis-
cussion of statistical method, he discusses the following
types of statistical data as applicable to the field:

1. Under the head of “Enumeration and Registration,”
he discusses the United States Census; Census Data; Census
Schedules; Registration of Births, of Deaths, of Marriage,
of Morbidity, of Notifiable Disease; Venereal Discases; and
Morbidity from Non-reportable Diseases. Also Registration
Laws; the Registration Area; Sickness Surveys; and the
Need of National Statistics.

2. Under the head of “Population,” he discusses the
Enumeration of Population; the Estimation of Population;
the Rate of Increase, or Decrease; Immigration; Urban and
Rural Population; Density of Population; Classification of
Population, as to color, race, nativity, and parentage; Sex
Distribution; Dwellings and Families; Age Distribution;
Age Groups; Ratios and Standards.

3. The prediction of future population.

4. General death-rate, birth-rate, and marriage-rate.

The city death-rate.

Causes of deaths.

Analysis of death-rates.

Statistics of particular diseases.

Study of deaths by age group, and finally life tables.

O N o

Pearl, in his Medical Biometry and Statistics, seems to
limit his particular field of investigation to the causes of
death. This he calls “The Raw Data of Bio-Statistics.”

He suggests the following simplified classification as to
causes of death:

1. Circulatory system, blood and blood-forming organs
2. Respiratory system
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. Primary and secondary sex organs
- Kidneys and related excretory organs
. Skeletal and muscular systems

. Alimentary tract and associated organs concerned in metab-
olism

. Nervous system and sense organs
. Skin

. Endocrinal system
10. All other causes of death

Still another field is that of Education. In this field the
educator using statistics will be interested in the measure-
ment and comparison of intelligence coefficients, and with
all that group facts which have to do with the growth and
development of the intelligence of the student.

Let us now turn to West’s Introduction to Mathematical
Statistics, Here we find an entirely different problem.

The mathematical statistician is interested in no particu-
lar type of data, but in all data, of whatsoever sort, in as far
as they may be statistically treated. He is interested in the
uniformities, uniformity laws, and methods which may be
applied equally to the fields of educational statistics, social
statistics, economic statistics, vital statistics, or of whatever
sort they may be. It is interesting to notice that West ana-
lyzes his field under the following heads:

. Curve plotting

. Frequency curves

. Averages

. Forms of distribution

. The normal probability curve
. The correlation table

. The correlation ratio

. The coefficient of correlation
. Correlation from ranks

10. The moments of distribution
11. The theory of correlation
12. The method of contingency

From this brief analysis of the field of statistical fact and
of statistical method it will be noticed that each one of the
statisticians will use the method of mathematical statistics
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in so far as any of these methods are applicable to his par-
ticular field. Therefore, in social statistics we shall expect
to find a sufficient amount of mathematical statistics to deal
with our particular data. For instance, the rates and ratios
which are so largely used by the vital statistician are of
little importance to the economic statistician, while the
method of index numbers which plays a large part in the
field of economic statistics is of less importance to the social
statistician. Other illustrations might be given, but this
will be sufficient for our purpose,
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STATISTICAL ACCURACY

Statistics as the exact scientific treatment of approximations. Mechanical
and tabular aids to accuracy. The use of round numbers. Continuous and
discontinuous series. Sources of error: fictitious accuracy; cumulative and
compensating errors; the mislocation of decimal points; fictitious accuracy
in totals; and personal bias. The standard of accuracy. Editing for ac-
curacy. Accuracy and the statistician’s reputation.

For the person who is going to use statistical method
there are numerous pitfalls. He must be on constant guard
against fictitious accuracies of many sorts. The following
discussion will point out some of these dangers and will in-
dicate methods whereby greater accuracy can be attained.
The practical application of this discussion will appear in
the succeeding chapters.

THE RELATIVE NATURE OF STATISTICS

The numerical terms in which the results of statistical
analyses are presented indicate a larger amount of accuracy
than, in fact, is usually present. Their very definiteness
carries with it weight and conviction, and the one person
who should not be overimpressed with their significance is
the statistician himself. Chaddock has remarked that “a
healthy skepticism is probably the most essential quality of
a statistician.” The author of one of the most widely quoted
statistical analyses of the present generation is reported as
remarking that he wished he were as sure of his results as
the people who so frequently quoted them. Statistics is a
science of averages. It deals with average relationships,
and no single numerical value can adequately represent
either the entire universe of a variable or even a small por-

22
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tion of it. The mathematician can, with a fair degree of
accuracy, demonstrate that the product of two and two is
four. But, when the statistician says that two and two
equals four, he means that on the average, in so far as the
two’s are really representative of the universe, on the aver-
age and within certain limits, the product will be four. The
United States Census is probably one of the most carefully
gathered bodies of statistical data in existence. It aims to
deal with universes rather than with samples. By a uni-
verse we mean the ideally entire group as distinguished from
a representative sample of that group. In studying divorce
in the United States, for example, the universe would be
represented by all divorces granted within the period of
time studied. Usually, however, the statistician has to con-
tent himself with the study of a random sample which he
has reason to believe will prove representative of the uni-
verse of divorce. Still we know that even so simple a matter
as numbering the population cannot be accomplished with
exact accuracy, and when we come to the estimation of rates
and values, the possibility of error is greatly increased.
While, then, the statistician deals with relative truths and
approximate accuracies, he has no excuse for slip-shod
methods and careless work. By error we do not mean here,
the errors which result from bungling work, we mean rather
that unavoidable amount of difference by which the charac-
ter of the sample departs from the normal character of the
whole. The statistician must use care to inject no more
inaccuracy than is necessary in dealing with data which are
at best representative. Statistics, then, is the exact scien-
tific treatment of approximations.

MECHANICAL AIDS
Let us consider the mechanical devices which the statis-

tic{an has at his disposal to aid him in the computations
which he must make. Perhaps the first and most important
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of these is the slide-rule. Even the 1o-inch rule, which costs
but a few dollars, is of inestimable value in working out
rates and ratios. Only three digits can be read on the lower
portion of the rule, and two on the upper, but the fourth or
the third place can, with a fair degree of accuracy, be ap-
proximated. On the more complicated Fuller and Thatcher
slide-rules four places can with ease be read and the fifth
estimated. Usually this is all that is necessary for the
estimation of rates. For more complicated computations,
calculating machines are available. With these, absolute
accuracy to a large number of places is possible. The statis-
tician also needs a standard adding machine. His hand-
multiplications and divisions are apt, on the average, to be
more accurate than his sums. The adding machine also
provides him with a printed slip which he may use for the
purpose of checking his data, and provided he has made no
mistake in operating the machine, the machine is incapable
of giving him erroneous returns. Tabulating machines,
elsewhere discussed, will seldom be at the disposal of the
statistician, but where they are, another possible source of
error is eliminated.

TABLES

One is not surprised when a person does not know how
to extract square or cube root; indeed, much time would
be wasted if he attempted to do so by hand. Squares, and
sometimes cubes, can be read directly from slide-rules, and
tables of squares and cubes are easily available. If he
familiarizes himself with the use of logarithms in mathemati-
cal processes, he will find the use of the tables of logs of
great value to him, both in increasing accuracy and reducing
the time element.

ROUND NUMBERS

For some purposes the use of round numbers is preferable
to the use of numbers of numerous digits. In reducing com-
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plicated numbers to round millions, thousands, or hundreds,
or in reducing numbers in which decimal places are present
to full units, the last digit beyond the point so designed, if it
be more than one-half, is considered as one full unit, or if
it be less than one-half, is dropped off entirely. 1In case the
number be exactly one-half, that is, 5, it is a good practice
to raise alternate fives to unity and drop out the others.
Thus, the number 1692.62 in terms of units would be read
1693; in terms of hundreds, would be read 17; and in terms
of thousands, would be read 2. Primarily, however, round
numbers are of use not in the making of mathematical cal-
culation, but in presenting ultimate results:

385.56 385.6 386. 390. 400.
177.77 177.8 178. 180. 200.
122.22 122.2 122. 120. 100.
685.55 685.6 686. 690. 700.

CONTINUOUS AND DISCONTINUOUS SERIES

Series of variable are of two sorts, continuous and discon-
tinuous, and should not be confused in their statistical treat-
ment. A continuous series is one which is capable of fine
measurements of magnitude. An example of this would be
the height of individuals. It would be possible to measure
them to thousandths of an inch and no two heights would
of necessity fall at exactly the same point. Tkere is a con-
tinuous range of possibility. An example of discontinuous
series, on the other hand, would be that of the size of fami-
lies. The sizes are sure to fall on whole units. For ex-
ample, a family may be 4, 5, 6, or 10 in size but never 734
or 875. Again, income cannot be measured in smaller units
than cents and they are usually measured in round dollars.
A continuous series may be rendered discontinuous by com-
promising on the degree of accuracy with which the variable
will be measured. If it is the case of the individual already
mentioned, we may decide to measure him to the nearest
inch, or if it be the distance between cities, we will com-
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promise on the nearest mile. In the tabulating and graph-
ing of continuous and of discontinuous series there are some
differences in treatment which must be observed.

SOURCES OF ERROR

Fictitious accuracy is one of the main vices of the pseudo-
statistician. If, for instance, three men are 60, 65, and 70
inches tall respectively, it is accurate, within the limits of
the accuracy of the individual measurements, to say that
their average height is 65 inches; but if one of them be 61
inches and the other two 65 and 70 inches, the same mathe-
matical process by which we total their height in inches and
divide by 3 will give us a result 65.333333 indefinitely con-
tinued. This is manifestly inaccurate, since the indefinitely
continued decimal places indicate a degree of accuracy
which was not present in the original items. The presence
of digits beyond the decimal point indicates accuracy in the
original items to the same extent and would be so inter-
preted by the statistician. It may be stated, therefore, as
a general rule, that no total or product should show a higher
degree of accuracy than is present in the original items or
at best not more than one decimal point beyond. We would
be willing to allow, for example, on the basis of heights
measured in units of inches an average measurement of 60.5
inches, but not one of 60.55. In the same manner, if ac-
curacy in the individual item be measured to the third deci-
mal place and the sum or the product resulting is such a
figure as 7.000 the three zeros must be retained. They may
not be dropped off, because they indicate an accuracy of the
7 to that fineness of measurement.

Cumulative and compensating errors. Two more errors
which may be pitfalls to the statistician are the cumulative
and compensating errors. An example of the cumulative
error would be the case of a yardstick which was one-tenth
of an inch too long or too short. This is a cumulative error
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in that the error would accumulate with every measurement
in which the yardstick was used. Surveyors’ chains are
capable of stretching and their instruments of being off level
and this results in the accumulation or the amassing of
error. A compensating error, on the other hand, is usually
an error of judgment in which it is as apt to fall on one side
as on the other. A mistake in one direction, therefore,
is apt to be compensated by a similar and equal mistake in
the other direction. It is fortunate for the statistician that
compensating error plays so large a part in the making of
surveys, but the statistician is warned not to rely too much
on the compensating nature of his errors.

Location of decimal points. Another error—the necessity
of mentioning it at all is unfortunate—lies in the location
of the decimal point in the simple mathematical process of
multiplication and division. For instance, in the squaring
of .25 the numerical result is 625, but all too many people
are puzzled to know just where to place the decimal point.
In slide-rule operations where the mathematical process is
absent, this problem of correctly placing the decimal point
is increased.

Accuracy in totals should also be considered. In adding
similar variables of different degrees of accuracy the total
can never be more accurate than its least accurate element,
as in like manner, no chain is stronger than its weakest link.
Consequently, in totaling, each item will be entered as it
stands, but the sum or the total will be recorded only to
the degree of accuracy of the least accurate item:

175.006 175.
25.5 25.
921.43 921.
100.1 100.
92. 92.
1314.036 1313.

From the above two computations it will be seen that it
IS unnecessary to correct each item in terms of the least
accurate item since this injects unnecessary inaccuracy in
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the total. Enter the respective items as they stand and
correct only the total. Thus the correct total would be 1314
and neither 1313 or 1314.036.

Personal bias. Another source of error in the making of
statistical surveys is that of personal bias. The investigator
must be sure, first of all, that bias in his own case is absent,
and next, that methods of collection have been so systema-
tized and standardized that personal bias in the case of
enumerators or of individuals filling in schedules will be re-
duced to the minimum. In this connection all units used
within the schedule should be carefully defined. In using
the word dwelling-house, for instance, we must be sure that
each enumerator is using and interpreting the term in exactly
the same manner. (See pages 40f.)

STANDARD OF ACCURACY

Another group of inaccuracies have to do with the col-
lection of data. Before any statistical investigation is
undertaken or as soon as the preliminary survey has been
made, standards of accuracy should be definitely decided
upon. Decide, first, what degree of accuracy is possible,
and second, what degree of accuracy is desirable. Shall
ages, for instance, be recorded to the nearest day, nearest
month, or merely in terms of years? In the latter case
shall the year be that of the last birthday, in terms of which
ages are usually given, or in terms of the nearest birthday?
Care should be taken that the standard of accuracy chosen
is a possible accuracy and that the results show accuracy
only to that point.

EDITING

When schedules have been returned to the investigator,
they must first of all be most carefully edited. In some
cases the entire schedule will be so defective that it must be
entirely thrown out. In others, only portions of the
schedules can be used. Recently in a class in statistics the
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students were given schedules calling for the age, age at
marriage, nationality, occupation, and cause of death (if
dead) of both parents and grandparents. The schedules
were carefully discussed in the class and each student was
given the task of filling out one schedule for himself and of
acting as enumerator and having four schedules filled out by
student friends. Of the 125 schedules returned, 35, or 28%,
were sufficiently defective in one or more respects to war-
rant discarding them. If this can happen with a group of
budding statisticians, it is merely an indication of the care
which must be taken in editing schedules which come in by
the correspondence method. The investigator is not a mind-
reader and, if he is an honest statistician, he will not “fudge”
his results. He will proceed to the statistical analysis only
of authentic statistical data, will treat them without bias,
whether they show what he is looking for or not, and give
an honest report to the world. He will not attempt to com-
pare the incomparable, and he will not draw sweeping con-
clusions from inadequate samples.

EXACTITUDE

The reputation of the statistician is most at stake in evi-
dences of inaccuracy in tabulation and graphic presentation.
If it is evident from the scrutiny of a table that totals do not
actually total or that points on a graph or chart do not cor-
respond with the data which they represent, suspicion is at
once cast on the entire project and the reader can only con-
clude that the statistician was capable of careless work.
The statistician cannot view his own work with too great
suspicion or exercise too great care in the exactitude of his
methods,
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GATHERING THE DATA

Sampling versus accounting. The law of statistical regularity. The law of
the inertia of large numbers. Secondary sources and their use. Primary
data and how to gather them. Types of primary investigation. A prac-
tical example of the schedule maker’s art. Some samples from the hands
of amateurs.

HaviNg considered the vital importance of statistical
analysis and the legitimate field of socio-statistical research,
we now arrive at the first problem which confronts the
statistician, that of obtaining the data on which his research
will be based. The first point to be observed is that statis-
ticians seldom deal with a field of data in its entirety or
what the statistician calls a complete “universe.” They
draw their conclusions, in the great majority of cases, from
samples, and indeed were it not for the statistical law of
samples and their application, the modern science of statis-
tics would be impossible.

THE SAMPLING PROCESS

Statistical analysis is not primarily an accounting propo-
sition. The aim of the accountant is a complete count which
is accurate to the last detail. He must weigh and count
every item, while “statistics endeavor to carry the formation
of significant judgments beyond the limit where perfect and
complete count is possible.” It is seldom possible even in
limited fields for the statistician to attempt what is done by
the United States Census, in counting every individual and
facts concerning him, living within the borders of the coun-
try at a given time, and even here it must be remembered
that not only is an absolutely complete count physically im-
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possible, but the count does not remain accurate for one
day after it has been made.

The primary assumption on which the statistician pro-
ceeds and which possesses the regularity of a law is that
“a moderately large number of items chosen at random from
among a very large group are almost sure on the average to
have the characteristics of the larger group.” In other
words, adequate samples do represent the universe, and on
the basis of adequate samples general trends may be dis-
covered. If this is true, and if the samples prove to be ade-
quate, then successive samples within the same group should
show approximately the same tendencies. This is one meth-
od of testing the sample to see whether or not it is adequate.
Ascertain whether or not 50% to 75% of the sample shows
approximately the same characteristics as the entire sample.

Another interesting fact which makes statistics possible is
that of the inertia of large numbers. This is illustrated by
the fact that while in given communities we may find con-
siderable variations from year to year, in birth, death, and
marriage rates for the country as a whole, we find these
rates to be increasing or decreasing at a very regular rate,
or remaining stationary. Again, while we may have a crop
failure in one given portion of the country, the production
of wheat, let us say, for the entire country will not show a
similar variation. This is the law which makes all types of
insurance a scientific rather than a gambling proposition.
The discovery of this law was made possible through the
sampling process. Because adequate samples are truly rep-
resentative of the whole, it has been possible for us to en-
gage in extensive cost of living studies, to make market
analyses and forecasts, to map out social programs, and
to make the host of social studies on which proposed na-
tional social progress is based.

Whipple has the following to say which bears upon the
subject:

In using statistics we necessarily employ the methods of logical
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thinking comprised in what is termed “induction” methods, by
which general tendencies and laws are found from accumulations
of facts.

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

Statistics are being constantly invoked for testing hypotheses
in all branches of science. This involves four distinct processes:
(1) the choice of a good hypothesis; (2) the computation of cer-
tain consequences, all of which must be true if the hypothesis is
true; (3) the choice of a fair sample of these consequences for a
test; (4) the actual test of each of these chosen hypotheses.

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

It is by the application of the principles of logic that the statis-
tician is able to keep his conclusion within reasonable bounds.!

Since so much depends upon the statistical sample used, it
stands to reason that the greatest care should be exercised
in the choice of that sample. In the first place, the sample
should be truly representative of the problem involved. It
should be typical rather than exceptional. It would be pos-
sible to prove absolutely anything by statistics if great
enough care were taken to choose a sample which would
represent the point which it is desired to have demonstrated.
In the second place, in order to be truly representative,
the sample must be of adequate size. In the third case, the
selection of items must be purely random. This is to avoid
any personal bias in their selection.

It is well to note that merely doubling the size of the
sample does not double its precision. In order to do this, it
is necessary to increase the size of the sample by four.

As has been indicated by the foregoing, statistical studies
are, in the main, of three sorts, (1) accounting studies of

1Whipple, Vital Statistics, pp. 14-15.
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complete universes; the United States Census is representa-
tive of this type. (2) We have what Whipple calls the
Monographic method, which is a complete and detailed
study of a particular group. And (3) we have the sampling
or representative method which studies a sample as repre-
sentative of the whole. This last is the more common
statistical practice.

THE USE OF SECONDARY SOURCES

Let us next turn our attention to the technique of gather-
ing data for statistical samples. Statistical data are of two
sorts, primary and secondary. By primary we mean data
which are originally gathered by the investigator directly for
original study. By secondary data we mean all of those
original studies which have already been made; collections
of data which may be brought together and used for the
purpose in hand. It is important to call attention to the
fact that due to undeveloped and unstandardized statistical
method, much of this secondary statistical data cannot with
entire safety be used.

In making statistical studies which are based on second-
ary sources, the careful statistician will always approach
these sources with the greatest suspicion. Even though
they have been made by reputable scholars, he must assure
himself that they knew the technique of statistical analysis
and presentation. He must take into account possible bias,
the size and location of samples, methods of gathering them,
the time element or period represented, how accurately it
represents its universe, and finally and most important of all,
the definition of units. Even the United States Census is
capable of error. Two identical studies of the standard of
living of laborers, for instance, cannot be compared until we
know how cach investigator has defined the terms “laborer”
and “standard of living”; wide variation is here possible.
With regard to this type of investigation from secondary
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sources, we will content ourselves by saying that the great-
est care rust be taken in combining data from various
sources to assure us that they are really comparable.

THE PRIMARY OR ORIGINAL INVESTIGATION

It has been well said that the most important part of any
investigation is the preliminary work done before any at-
tempt is made to gather the data. In fact, it is a common
practice where large investigations are under contemplation
to organize a preliminary survey in order to test out the
methods proposed and the data which it is hoped to secure.
The careful student of society does not indulge in the hap-
hazard collection of data from which he hopes to stumble
on to social laws and explanations. Before he begins his
investigation he is very careful to map out his field, to pre-
pare and test his schedules as carefully as possible. He will
have in mind very definitely the exact problem that he is
attempting to analyze. He will study it in all of its aspects,
in order to come to a definite conclusion as to what he
wants to find out. In this connection he will, first of all,
study the available secondary sources at hand, in order to
see what others have done with this problem and from
these he may gain many valuable hints as to methods of
procedure and sources of information as well as some of the
difficulties which may be met. He may find that this prob-
lem has already been solved or that portions of it have been
adequately studied. After having defined his problem and
having in mind his secondary sources, he will proceed to
study the field for the purpose of determining where he can
best secure the data which he desires. These data may be
in the form of official or private records, or they may exist
merely in the minds of men. In the latter case it will be
necessary for him carefully to plan his approach to them
for the purpose of getting from them the exact and uncolored
data which he desires.
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His next problem will be that of selecting the best method
for gathering the data. In some respects the most effective
method is that of the intensive one-man survey, where the
investigator goes from individual to individual, personally
gathering the information which he desires. This method
has the advantage of a consistent personal point of view
but it has the disadvantage of being a slow and cumbersome
method which is decidedly limited as to the size of the field
which can be covered. This was the method which was
used by Engel in his now famous “Standard of Living” in-
vestigation.

A variation of this method is that of securing and train-
ing investigators who will take given groups or districts
and carry on parallel investigations. This has the re-
sult of speeding up the work and makes it possible to cover
a larger territory, but naturally it has the disadvantage of
increasing cost and the consistency of the personal point of
view, since no two investigators, no matter how carefully
trained, will react to the same situation in exactly the same
manner.

A third and at present a too carelessly used method is
that of the mail-questionnaire, in which there is no per-
sonal contact between the investigator and the person in-
vestigated, schedules being prepared and sent out by mail to
the individual possessing the information and they return-
ing them with their answer. Through this method the maxi-
mum of speed is often obtained. Tt has also the advantage
of being cheap and making it possible to cover a wide ter-
ritory. The disadvantage, however, is the same as in the
preceding case, for the personal bias is now as large as the
number of persons who are returning replies. Answers, too,
tend to be careless when not checked up by an enumerator.

An additional variation may be noticed. Investigations
may be of the above cross-section type, in which informa-
tion is desired from a given territory or group of people
representing a given instant or period of time. On the other
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hand, enumerators or investigators may be secured for the
purpose of making periodical reports. This method, which
is more properly called registration, would be the one used
in the securing of crop or weather reports, school attendance,
and vitality facts. The result is a continuous or a historical
picture rather than a cross-section at a given time.

All methods are used by the United States Government in
the statistical study of its population and their problems.
In the main, however, the method of gathering data for the
decennial census is that of giving more or less training to paid
investigators who secure, with the aid of carefully prepared
schedules, the information desired. In addition to this,
corps of permanently employed enumerators periodically re-
port on weather, market, crop, vitality, and other facts.
The last method, however, valuable and desirable as it is,
is limited in its application because of the great expense en-
tailed. Only a government, large corporation, or founda-
tion can afford to use it. But whatever the method which
may be used, the main problem is that of the careful prepa-
ration of schedules on which the data will be entered, the
definition of units where there is any possibility of misun-
derstanding, and complete and adequate instructions for
enumerators which will be 100% fool proof.

The schedule should, in the first place, whether it is placed
in the hands of individual enumerators or sent by mail, be as
simple and concise as possible. Complicated schedules
covering pages of printed material and requiring detailed
information invite confusion, resentment, and error. In-
formation should not be called for merely because it is
interesting, or because it might possibly prove germane to
the investigation. The information desired should be re-
duced to its simplest terms. No question should be asked
unless it is certain that it is going to be needed. Care should
be taken again in asking questions on which there is danger
of personal bias. It is useless to ask Democrats what they
think of a Republican administration. Do not ask questions
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which are unnecessarily inquisitorial or delicate in nature.
Ask a woman, for instance, what year she was born, but
never ask her how old she is. Make it a general practice to
ask questions which can be answered in terms of a number
or in as few words as possible. Questions which can be an-
swered by “yes” or “no” are far preferable to those which
require a sentence. The form of the schedule should also be
given attention. It will be possible to so arrange the blanks
for answers that the schedule will easily adapt itself to rapid
reading and editing. Where possible, it is a good practice to
so arrange the schedule that the data desired can be entered
directly into blank tabular forms prepared for that pur-
pose. Again, when numerical data are in the main desired,
it is a good practice to so arrange the schedule that the
figures will appear in one column at the left of the schedule
rather than scattered in a haphazard manner over the sheet
wherever a question happens to end. Definite rules cannot
and should not be laid down. Each schedule, and this ap-
plies to statistical presentation in general, represents . spe-
cific problem which must be solved in the light of its par-
ticular needs.

Schedules sometimes are so complicated as to require
more time on the part of the informant to find out what they
are about than in securing and entering the data. One of the
best schedules the writer has seen was contained on one side
of a post-card. Its clarity and brevity was a pleasing sur-
prise which got results. A 5-by-8-inch card or one side of
a sheet of typewriter size paper will more easily get results
than a 4-page folder.

The questions asked should be so clearly stated that there
can be no possibility of misinterpretation. Where the
schedules are placed in the hands of enumerators, manuals
of very complete instructions must accompany them. Never
take anything for granted either with enumerators or in-
formants unless it be that they will always make the wrong
interpretation when there is any choice.
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Where schedules are mailed out in the mail-questionnaire
method, a letter which is a psychological work of art must
accompany them. It must predispose the person being in-
vestigated to answer the questionnaire rather than to throw
it in the waste-basket. An appeal to his interest must be
made, and he must be convinced that the investigation is not
only worth while to the investigator, but that it may prove
worth while to him to spend his time on it. In addition, the
letter must contain such information as cannot be embodied
in the schedule, for the purpose of helping the informant to
give the information which is desired. Due to the fact that
the mail-questionnaire has been so widely used, it is neces-
sary always to enclose a stamped addressed envelope, if the
investigator hopes for many replies. The writer has in
mind one investigation of this sort in which a dollar bill was
pinned to the schedule indicating that the investigator real-
ized that the time of the person being surveyed was worth
paying for, and that he considered his investigation suffi-
ciently worth while to pay for it. Of course, this is very
exceptional and is a practice which will not and cannot be
widely used. But in this day of bombardment by question-
naires it is necessary sometimes to do something drastic in
order to secure replies. Ordinarily a 25% to 35% response
to even the best of questionnaires, sent to persons definitely
interested, is considered a good return.

According to King! the questions chosen should be:

. Comparatively few in number;

. Require an answer of a number Or yes or no;
. Simple enough to be readily understood;

. Such as will be answered without bias;

. Not unnecessarily inquisitorial;

. As far as possible corroboratory,

. Such as directly and unmistakably cover the point of infor-
mation desired.

N Ond W N

Form 1 is a practical example of the schedule-maker’s art.
The schedule itself is well-balanced, compact, and concise.
1 Elements of Statistical Method, p. 57.
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It can be contained on a §-by-8-inch card. It is the result
of careful thought and goes right to the heart of the prob-
lem by asking for the exact information needed and no
more. It would seem that one might safely place this sched-
ule in the hands of any competent enumerator, yet notice
the detailed instructions which Miss Whitney (statistician,
National Tuberculosis Association) has evidently found it
necessary to prepare. She has anticipated the injunction “to
take nothing for granted.” Only experience with schedules
and questionnaires can demonstrate the above need for
exactitude.

INsTRUCTIONS TO ENUMERATORS USING
“SURVEY OF TUBERCULOSIS”’ SCHEDULES

1. Place. This refers to the minor civil division—city, township, or
borough, in which the patient lived at the close of the survey year.

2. Address of patient. This item is for the convenience of the sur-
veyor. Give the last address known and if newer information is re-
ceived substitute this for the first record. In urban communities the
house number and street name make the locating of the person easier;
in the country, distances from specific urban communities, the number
of houses beyond a certain crossroad or identifying church or school
building, are most helpful.

3. Date of record. This refers to the date on which the case is re-
ported to the public health authority, of whatever title, whose duty it
is to record cases of communicable disease.

4. Name of patient. Give surname first. Follow with title and given
names in order, as Jones, Mrs. Mary Ellen. Titles are not always given
but they are particularly helpful in certain sections of the country.
In the South the name Willie for a girl is common and likewise Peter
has been known as a cognomen for a woman. Full names are less apt
to cause confusion than initials.

5. Sex. State M. or F.

6. Race. This refers to the basic racial stocks, White, Black, Indian.
The abbreviations W. B. Ind., are sufficient. “The term ‘white’ as
used in the census reports refers to persons understood to be pure-
blooded whites. A person of mixed blood is classified according to the
non-white racial train, or if the non-white blood itself is mixed, accord-
ing to his racial status as adjudged by the community in which he re-
sides. Thus a person of mixed white and Indian descent, or of mixed
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white and Negro descent, is classified as an Indian or as a Negro, as the
case may be, regardless of the amount of white blood; and a person of
mixed Indian and Negro blood, or of mixed white, Indian and Negro
blood, is classified either as an Indian or as a Negro, according to his
racial status in the community in which he lives.”—U. S. Bureau of the
Census, Population, 1920, p. 10.

7. Date of birth. State month, day, and year of birth. Be sure to
write out the month, as September 10, 1924. In abbreviating by num-
bers there is apt to be error. Some persons would indicate the above
date as 9/10/20, others as 10/9/24. And errors arc made more easily
when figures rather than letters are involved. Do not endeavor to
obtain the exact date of the month except in cases where the patient
died or moved away within the survey year. Likewise it is not neces-
sary to press for the exact age if the age as given will fall within one
of the age groups, such as 25-29, 30-34, 35-39, used in tabulating the
material. It will be helpful in future to the local worker to know just
when the patient was born, but for the purposes of the report it is not
necessary to be so specific if the facts can be tabulated as reported.

8. Check the word applicable. Do not check more than one.

9. Country of birth (a) of Case. (b) of Parents. Give country
only, as Ireland, Italy, Norway, United States, Russia. In cases where
applicable, indicate Jewish stock by writing Jew in parenthesis after
the country as Russia (Jew).

10. Legal residence. By “legal residence” is meant the minor civil
division in which the patient last resided for one full year prior to the
date on which his whereabouts were last known, either at the close of
the survey year, or the time the patient died or moved from the
country. Give township or city if the patient’s legal residence was with-
in the area being surveyed, otherwise the city or county and state.

11. Length of time (a) in county. Give total length of time patient
resided in county prior to the close of the survey year or to his death
or departure from the county with length of cach period of residence,
as: 16 yrs. 5 yrs. 3 mos. This might indicate that the patient was
either a resident or non-resident. To clarify this point it helps to note
the time absent from the county thus: 16 yrs. (away 10 yrs.) 5 yrs.
(away 3 yrs.) 3 mos. This would indicate a non-resident. If the
figure in the second parenthesis were 3 mos. instead of 3 yrs. the patient
would be a resident. If the last period of stay has been less than one
year, indicate in months, otherwise the number of years is sufficient un-
less there is some unusual circumstance involved.

(b) In particular community. Give length of time (as above) dur-
ing which the patient resided in the last minor civil division in which he
lived in the county.
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12. (8) Number of children (under 16) in household, and (c) num-
ber of adults in household. Include the patient in whichever group he
falls and after the number indicate that he is included as “6 (incl.
pat.).” This latter is not necessary but will be found to serve as a
check. As a further check it is helpful to list the members of the
household on the back of the card with their names if possible, rela-
tionship to patient, and age. This is particularly helpful later if other
members of the household are also cases included in the survey. By
household is meant all those persons coming under one domestic head.
Persons doing light housekeeping in one or two rooms of a house con-
stitute one household as do also the members of a boarding house where
the occupants really form a common group.

12. (b) and (d). Note the number in each class who have had a
thorough physical examination including a careful chest examination.

13. (@) Number of other cases of turberculosis in family. By family
are meant all blood relatives and only blood relatives. (a) Is simply
the sum of those cases noted under 13 (5) as Diagnosed and Dead,
exclusive of those Suspected.

13. (b) Specify relationship to patient. Under Diagnosed are in-
cluded all those cases active or arrested who have been reported to have
been definitely diagnosed as turberculous by some physician. Under
Dead are included those who died before the close of the survey year
who were said to have been diagnosed as tuberculous. The facts under
13 (@) and (b) cannot be absolutely accurate because of the fallibility
of the informants, and it is not necessary nor would it be possible to
obtain diagnoses from physicians in all cases at this time. The rela-
tionship should be specified under each, and by note here or elsewhere
on the card the name of the relative ought to be entered. This makes
it easier to add information on other cards when desired.

14. (@) Occupations prior to illness. “Occupation” means “gainful
occupation.” “Prior to illness” means “prior to approximate date of
first symptoms” as given in 15.

List all of the occupations specifically, as winder, cotton mill; sales-
man, grocery store; stemmer, cigar factory; R. R. brakeman; R. R.
clerk; and so forth. All of the occupations from the time the patient
began to work should be listed. Do not enter such non-gainful oc-
cupations as “school child” or “housewife.” If there has been no gain-
ful occupation write “none.”

14. (b) Number of years in those occupations. Give the length of
time of each of those occupations listed in 14 (2). Sometimes this will
have to be expressed in months. The tabulations will be made for the
predominant occupation, the occupation in which the patient engaged
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for the longest period of time, and where there is any closeness in the
amounts of time spent in two or more occupations try to ascertain this
information called for with particular care.

15. Approaimate date of first symptoms. Give best date in your
opinion. The onset will in many cases be fixed in the patient’s mind in
connection with a bad cold, influenza, measles, pleurisy, or such, some-
times with an accident. If this is noted on the card, it will help in
checking with the approximate date of onset as given by others. The
month and year should be given, if possible.

16. (@) Date of diagnosis. This refers to the first date on which the
patient was ever diagnosed as having tuberculosis and will be given, say,
as of September, 1923. In subsequent conversation it will be learned
that the patient was diagnosed as having tuberculosis of the bone, or a
tuberculous gland, in December, 1gos. The 1905 date is the one which
should be given on the card.

16.(b) Where diagnosed. This refers to the place, in or out of the
survey area, where the patient was diagnosed on the date given under
16 (a). It is sometimes interesting to have indicated here whether that
diagnosis was made by a tuberculosis clinic or private physician or
other agency when it is particularly desirable to evaluate the work of
the clinic,

16 (c) Type. Here should be included all the forms of tuberculo-
sis which the disease has at any time prior to the close of the survey
year assumed in this patient—such as pulmonary, bone, joint, skin,
gland.

16 (d) Sputum. If sputum was ever examined prior to the close of
the survey year, enter Positive, Negative, or Examined—unknown, as
the case may be, in this space. If not examined, or if it was unknown
whether an examination had been made or not, enter accordingly. Suit-
able abbreviations may be used. When an examination has been made
or more than one, it is helpful for the local person who may subsequent-
ly use the information to have the date written opposite the result.
No particular effort, however, should be made to obtain the date. If
any sputum examination has resulted in a positive finding, it is not
necessary to enter the result of any other examination which may have
been negative or unknown.

17. (@) and (b). This refers to the occupation of the patient at the
close of the survey year. If patient had died or moved away prior to
this time, merely enter a dash under each. If the patient was not
actively engaged in any gainful occupation, enter “none” under (a)
and dash under (b).

18. Sanatorium experience (a) where and (b) dates. The answer
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to this item should include all time spent in any hospital or sanatorium
for treatment of tuberculosis in any form prior to the close of the
survey year or the patient’s death or departure from the survey area.
Exact dates of admission and discharge should be secured if possible,
for the patients are apt to misstate the length of stay when the latter
is expressed in terms of weeks or months. If desired for some local
purpose, the condition of the patient at discharge might be noted when
known. If the patient is still under care at the close of the survey
year, this fact should be indicated.

19. Clinic experience (a) where and (b) dates. Here should be
noted any and all clinics which the patient has attended in connection
with his illness of tuberculosis in any form, together with the exact
dates in attendance, if possible; if the exact dates are not readily ob-
tainable, at least the dates of admission and discharge should be
entered.

20. Sources of record. Under this heading, in the order in which the
information came, should be listed each agency or person contributing
any fact to the schedule, as D. C.; H. O.; F. W. S.; Carlisle Clinic:
mother; patient. (D. C., Death Certificate; H. O., Health Officer;
F. W. S., Family Welfare Society.)

21. Date of filling out this card. This has been held to apply to the
date or dates on which the home visit or visits were made. If the local
organization wishes, it might be stretched to cover the date on which
information from any source was added, the date being given in con-
nection with each source.

22. Present disposition of case. Under this heading note whether
the patient is an active or arrested case, or has died or moved away.
In the case of death enter the date, place, and cause of death as given
on the death certificate. In the case of a removal enter the date of
moving and if possible the place to which the patient moved.

23. Notes. Enter here any amplifications of points which will make
for clearness and any data of special interest in connection with the
case.

In connection with the selection of enumerators for this
particular type of survey Miss Whitney has the following to
say:

The selection of the person to make a case-finding survey is
the most delicate, and at the same time the most important part

of the study. Handbooks and methology will not avail if the
surveyor be ill-chosen.

Even at the risk of being charged with the description of a
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“white blackbird” it might be well to mention some of the quali-
ties and characteristics which a successful case-finding surveyor
must have. He (or she) should have had one or more years’
experience in the social side of public health work; he should have
a working knowledge of statistics; he should be a person who
can gain the support of physicians by the thoroughness of his
method and by his intelligent knowledge of the medical aspects
of tuberculosis; he should have a tenacity of purpose in getting
whatever information is available, added to tact and graciousness,
without which the patients themselves will not cooperate; and
he should top it all with tireless energy.!

The following are typical schedules and letters to accom-
pany questionnaires. With the exception of the second they
are student laboratory exercises and, while far from perfect,
represent the type of work which can be done by any per-
son who is familiar with the underlying principles. Number
one is a questionnaire which was prepared by a student and
later actually used. It was handed to the industrial girls in
the institution indicated and it brought results. Number
two is the questionnaire referred to earlier in the chapter.
It was printed on a post-card and was most effective in spite
of the wags who, in holiday mood, took advantage of the
opportunity to indulge in their wit. Three was accom-
panied by a letter. Four, to be filled in by enumerators, was
fully explained in a manual of instructions. Five and six
are letters in which the attempt, at least, was made to in-
spire cooperation.

The main defect of these schedules is the chief vice of all
inexperienced investigators, that of asking too many ques-
tions. The aim should always be “few questions and essen-
tial information” rather than “many questions and much
information.”

! Tuberculosis Case-Finding Surveys, National Tuberculosis Association,
1625.
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SCHEDULE NUMBER 1

INDUSTRIAL DEPARTMENT EDUCATIONAL SURVEY
Madison Young Women’s Christian Association

Girls! We want to give you what you want. Help us
by letting us know what that is. Return this question-
naire to Miss Simpson as soon as you can fill it out, and
accept the thanks of every girl in the association.

1. Name
Address Tel
Age last birthday Present occupation
Nationality: Father Mother Self
2. Education outside the United States.
Where Years
3. Education in the United States.
Grade school years months
High school years .—months
College years_________ months
Commercial ____ __years___ months
Night school years months
Vocational years months
Continuation years months
Correspondence years. months
Summer school years months

Y.W.C.A. Educational Courses; Check
English_____ Psychology.
Hygiene Bible
Economics_—__ Current Events

Why did you leave school?

4. Are you satisfied with the future of your job?

5. If you could, would you like to return to school?
What courses of study interest you most?

1. 3.

2. 4.

Why would you like more learning?

To get a better job?

To make more money?

Other reasons:

We thank you very much, indeed!
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SCHEDULE NUMBER 2
OUT-OF-STATE TOURIST SURVEY
Requested by the Wisconsin Highway Commission

To Our Visitors: The Wisconsin Highway Commission
desires to serve traffic better each year and asks your
cooperation.

Constructive suggestions on Marking, Signing, Maintenance,
and Camp Grounds will be appreciated. Will you kindly
fill out and mail this card? Thank you.

. Why did you come to Wisconsin?

. Did you camp or stop at hotels or resorts?

. How many persons in car?

. Amount of money expended in Wisconsin by occupants of
car?

. Entered State 192 Departed 192
. How many miles did you travel in Wisconsin? S
. Remarks:

Signed Address

Date. Occupation
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ScHEDULE NUMBER 3
CONFIDENTIAL INFORMATION

For THE INDUSTRIAL COMMISSION

The information below is required to ascertain the average
weekly wage and hours of employees in industries in
for the purpose of bettering industrial conditions.

1. Name Address

2. Factory where employed

. Hours each day.

. Number days per week R

. Number of days lost per year

3
4
5. Are you employed during the entire year?
6
7

. Reason for time missed (Check)
(a) Sickness
(b) Sickness in family_
(¢) Vacation
(d) Help not needed in factory

8. Wage per hour

9. Full time weekly wage

10. Are you paid for overtime?

ScHEDULE NUMBER 4
FRESH AIR CAMP SURVEY
Being a study of vacation needs of Jewish children

1. Name (family)

2. Present address

(No) (Street)
3. Previous address (if any)
(No) (Strect)
(City) (State)

4. Length of time in Madison (Years)
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. Present occupation of father, mother, or guardian

. Where employed?

. Weekly income

. Contributors to weekly income beside wage-earners

Name

Where Employed

Amount
Wage Contributed

3.
4.
5.
6.
9. Amount saved weekly
1o. Children:
(a)
Number of Times Attend | Summer
Name Age at Camp School- School-
I.
2.
3.
4. .
5.
6.
7.
8.
9.
10.
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(b) Would the children benefit by the vacation?
(c) Physical fitness (to be filled in by medical examiner)

11. Has the family at any time received aid from the United
Jewish Charities?

12. Mother:
(a¢) What are the mother’s duties in the home?

(b) Does she work?
(¢) Would she benefit by the vacation?

13. Condition of home:
(e) General condition (orderly, clean, disorderly, dirty)

(b) Sleeping conditions:
(1) Number in each room
(2) Number in each bed

(¢) Number living in the home

14. Surroundings:
(e) How far from a school? (blocks)
(b) How far from a park? (blocks)
(¢) Distance from a recreation center (blocks)

(d) Is there any back yard or place in which to play in
front of home?

(e) Do children play in street?
(f) If not, where do children play?

15. Remarks:

Information received by
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Date

ScHEDULE NUMBER §
JEWISH INVESTIGATION COMMITTEE
Dear fellow student.

Do you know what is the matter with the Jewish student
body? If you do, you will be doing a service to your fellow
members by filling out this questionnaire.

This committee is endeavoring to find the cause for the dis-
satisfaction evidenced by the Jewish students. After finding out
the cause, we shall seek the remedy. We propose a community
house, but wish to find out what you would suggest. The fric-
tion and lack of cooperation among the Jewish students must
stop, and we are enlisting your aid in this problem.

Please fill out the questionnaire and mail so that it will be
in our hands by the first of December, 19—, using the stamped
and enclosed envelope. We assure you that any information you
may give us will be strictly confidential, and the material will be
published in mass form only and no names will be used.

Our slogan is “THE JEWISH STUDENT BODY ONE UNIT.”
Sincerely yours,

(Sec’y)
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ScuepurLE NUMBER 6
CHILD WELFARE ASSOCIATION

November 5, 192—
To THE ScHoOL TEACHER:

The Child Welfare Association of the city of
is conducting a survey to determine, as accurately as possible, the
extent to which Moving Picture Entertainments influence the
child, during the formative years of his life.

With this purpose in view we ask your cooperation in ob-
taining the desired information. We ask you to distribute the
enclosed questionnaires to the pupils of your grade.

You will observe that no name is required on the question-
naire. This was purposely omitted with the belief that the in-
formation so given would be more accurate. In order to further
increase the accuracy, we ask you to assure your pupils that this
survey is conducted by an organization not connected with the
school, and to emphasize the fact that you will not read the
questionnaires after the pupils have filled them out.

The questionnaires are to be filled out on Monday,
April 11, to show attendance at Moving Picture Theatres during
the week of April 4-10.

A stamped addressed envelope is enclosed for your con-
venience in mailing the questionnaires to our office. Your co-
operation in the survey will be greatly appreciated.

Sincerely yours,

(Signed)

President.
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TABULATION

“The shorthand of statistics.”” The work-sheet. The tally sheet. The
perfect title. Good mechanical form. Where to put totals. Tabular
perspective. Simple, partial, and complete classification. Chronological,
geographical, qualitative, and quantitative classification. The expressing of
class limits. Cumulative frequency. Mechanical tabulation.

THE statistical table has been called the “shorthand of
statistics.” The purpose of using statistical methods is
that of bringing facts into relationship with each other so
that we can understand their importance and relative sig-
nificance. This cannot be done merely from the scrutiniz-
ing of lists of facts or paragraphs describing them. But it
can be done when facts are brought into relationship with
each other by means of tables, graphs, charts, maps, and so
forth. We might, for instance, describe in great detail the
number of convicts in our penitentiaries, the causes for
which they are there, the length of their prison terms, their
race, nationality, sex, and other facts concerning them. But,
be these facts ever so carefully described, they cannot be
placed before us in the same perspective that they would
appear if in a well-arranged table. The table gives us at
once and at a glance all of these facts and we are able to
draw conclusions beyond those which perhaps the writer of
the paragraph would consider significant. We are able to
use them as he used them, and, in addition, to make our own
interpretations. The cross-classification table, then, con-
tains all of the valid information. The graph or chart vis-
ualizes by another method this same data. We might even
go so far as to list them in columns and give totals, aver-
ages, and rates.
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THE WORK-SHEET

The first step in the tabulation of statistical data is that
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TarrLyiNe KEy ForR WiscoNSIN BIRTH-RECORD STUDY

1. Stillborn (yes or no) S

2. Deformed or defective (yes or no,

3. Sex (male or female) 2

4. Twin, triplet, or other (12 3 0r4)

5. Number in order of birth (number) &

6. Legitimate (yes or no)

7. Father’s age (age)

8. Mother's age (age) E

9. Father’s birthplace (Special key 1) &
10. Mother’s birthplace (Special key 1) p4
11. Father’s occupation (Special key 2)
12. Is mother gainfully employed? (yes or no)
13. Number born alive and now living (number)
14. Number born alive and now dead (number)
15. Number stillborn (number)
16. Is report written in ink? (yes or no) X

SpeciAL Key NUMBER 1

1 =Wisconsin
2 =0ther States

SpeciaL KEy NUMBER 2

1 =Unskilled Man’l.
2 =Semiskilled Man'l.

3=Germany 3 =Skilled Man'l.
4=Ireland 4 =Routine Mental
5=Great Britain 5=Skilled Mental
6 =Norway
7 =Sweden GENERAL KEY
8 =Poland v=Yes
g=1Italy — =No

10=Russia — =Female

11 =All others v =Male

\ =Information Omitted
x = Information Unknown

which each individual case is entered separately and in
which there is no relation between parts aside from that of
entering the data from one schedule on one line. The ob-
ject of whatever method used is to gather the data into such
form that they can easily be incorporated into tables where
direct and cross relationships can be observed.

THE TALLY SHEET

The next step is the tally sheet. This is a preliminary
table in rough form in which the facts are entered by
means of scores or checks. The tally sheet having been
completed, the scores are counted and entered into the final
table. An example of the tally sheet used in the study of
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the ages of mothers recorded on birth certificates will be
found below, (Table 2).

In an original investigation the data contained in the
schedules represent the facts in their primary raw form.

TABLE 2

TarLLy SHEET FOR WISCONSIN BIRTH-RECORD STUDY
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So

Data are taken from the work-sheet by means of the tally sheet. From the
tally sheet the table is easily constructed. The above section of a tally
sheet is the one used in classifying mothers by ages from the preceding
work-sheet.
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The work-sheet or other method of concentration of material
represents the first step toward digestion, the tally sheet
represents the second, and the table represents the third.

THE TITLE

The first and most important step in table-making is that
of proper identification of the contents. Trouble is often
encountered in the use of statistical tables which have been
made by others for other purposes. This is due to the fact
that these tables do not contain titles of sufficient detail to
give all of the essential information necessary before the
data can be correlated and used in connection with other
data independently gathered. Two dangers must be avoided
in the making of these titles. In the first place, there is no
excuse for verbosity and the use of flowery language. Titles
may be picturesque if purposes of propaganda demand it,
but they must be concise and pointed. The second danger
is the opposite extreme of too great conciseness. Titles must
not be concise at the expense of information. The title is
“the sign-post of the table designed to catch the eye of the
reader, to suggest noteworthy features and to encourage fur-
ther perusal.” It should not contain information which is
already evident in the body of the table itself. ‘“The ideal
title is reasonably concise, catchy, unambiguous, not mis-
leading, and adequate.” First, all tables should be num-
bered. This facilitates indexing and cross-reference to them.
In the second place, the title should indicate whkat the table

TABLE 3
Tur CuMULATIVE FREQUENCY DISTRIBUTION*

Class Simple Cumulative Frequencies
Frequency Down Up

0— 4.9 2 2 30
5.0— 9.9 5 7 28
10.0—14.9 Ir 18 23
15.0—19.9 7 25 12
20.0—24.9 5 30 S

* See page 69,
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is about. If the data are expressed in terms of units, thou-
sands, tens of thousands, million or billions, the fact should
be recorded in the subtitle. Units should, if not self-evident,
be properly defined. If, for instance, the word farm is used,
and only farms over 60 acres in size are included in the clas-
sification, this point should be made clear. 1If, again, we are
using the term age and are understanding this to mean
present age or age at death, this fact also should be made
clear. In the third place, the title should make clear wken,
or over what period of time, the data represented were
selected. And, finally, in the fourth place, wkere, or the
geographical area, represented.

MECHANICAL FORM

Next in importance to the proper designation of the table
through title, footnotes, caption, and stubs is that of its
mechanical form. When counting and sorting have been
accomplished, the next step is the arrangement of the data
in tabular form, in columns and rows of figures. Each

TABLE 4 column is properly identi-
fied by means of a caption,

FRrREQUENCY TABLE*
and each row by means of

Size Class Frequency a stub heading. While
S‘g: g;g ; t}'lere is a general tech-
10.0—14.9 5 nique to be followed, each
;g:g:;ig g te}ble represents an indi-
25.0—20.0 3 vidual problem to be
30.0—34.9 I solved. Tables are com-

* See page 70, posed of words, lines, and
figures. An important part of the problem of tabular
presentation is that of attaining proper perspective.
Through the use of different styles and sizes of type, it is
possible to make the various descriptive elements of the
tables stand out in their proper relationship. The main por-
tion of the title should be in type of such sort that it will at
once attract attention to itself as the most important part.
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Box and stub-headings should naturally be in smaller type
but sufficiently large to be easily read. Where tables are
printed, the printer has at his disposal a wide variety of
type. Where the printing is done by hand, care should be
taken so to vary the lettering as to attain this objective. In
the past the statisti-

Table 5 cian has been re-

quired to be a drafts-

THE TOTAL POPULATION OPF man as We]]’ but to-
day, through the use
of the typewriter,
quite satisfactory re-
sults may be at-
tained. To be sure,
Year Population the variety of type
available is not so
great, but with the

MADISON, WISCONSIN

1920 and 1925 *

Total judicious use of capi-
tals, combinations of

1920 capitals and small
letters, and small let-

1925 ters alone, good

tables can be made.
Through the use of a
typewriter having re-
movable or changeable type shuttles, quite remarkable re-
sults are possible. With regard to the ruling of the table, it
is possible to embody heavy lines, light lines, double lines,
and red lines. The object in using lines of different sorts is
to make the different elements of the tables stand out in
various perspectives.

Naturally we want to set off the title of the table from the
rest of the table by either a heavy or a double line. Again,

Note: Tables s, 6, 7, 8, and ¢ are one unit attempting to show the
evolution of the statistical table from the simple one or single cross-classi-

fication to the complete four or quadruple cross-classification table. (See
pages 70-71.)

* (Source)
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Table 6

DISTRIBUTION OF THE TOTAL POPULATION
By Year and Sex
Madison, Wisconsin

1920 and 1925 *

Sex
Year
Total Male Female
Total
1920
1925
* (Source)

total columns or total rows may be so designated, and be-
tween the various parts of multiple classification tables a
heavier line may be used than within the classification itself.
No definite rules can be laid down as to just what sorts of
type shall be used or what combination of lines. Each table
represents an individual problem and that problem is to set
off the material contained in the table to the best advantage
so that those portions of the table which are the most im-
portant will naturally stand out. The statistician will easily
develop a technique of his own and will also observe the
technique employed in such statistical studies as those of the
United States Bureau of Census and other statistical organi-
zations.

In form there are two general types of table, the open and



TABULATION

Table 7
DISTRIBUTION OF THE TOTAL POPULATION
By Year, Sex, and Income
Madison, Wisconsin

1920 and 1925

—
—

Sex

I

Income and Year

Total

Total 1920

19256
Total
Under
1920
$2000.
19256
Total
$2000.
1920
and over
1925
* (Source)

T = Total M = Male F = Female

61
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Table 8
DISTRIBUTION OF THE TOTAL POPULATION
By Year, Sex, and Nativity
Madison, Wisconsin

1920 and 1925 *

Sex and Nativity

Year Total Native Born | Foreign Born

T u P T M P T u F

Total
1920

1925

¢ (Source) ? = Total i = Male F = Pamale

the closed variety. The closed table has a single or double
line completely about it with the title either within or with-
out the boundary. This sort of table is more attractive than
the open table which has no lines on the sides, but it is
doubtful whether or not this additional expenditure of time
and energy in making the table is worth while except for
publicity purposes. In the United States Census and in
most commercial reports tables are of the open type.

LOCATION OF TOTALS

Another matter of importance to be noted is that of the
location of totals. In adding up a column of figures the
total is usually placed at the bottom of the column, but in a
statistical table rows of totals should be at the top of the
table and columns of totals at the left. This is for the pur-
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Table 9
DISTRIBUTION OF THE TOTAL POPULATION
By Year, Sex, Income, and Nativity
Madison, Wisconsin

1920 and 1925 ¢

Sex and Nativity
Income and Year Total Native Bora Poreign Born
T M ) 4 T M P T M P
Total
Total 1920
1925
Total
Under
1920
$2000.
1925
Total
$2000.
1920
and over
19256
¢ (Souroce) T = Total M = Male F « Pemale

pose of giving them the maximum emphasis in the table.
This is a rule which should invariably be followed and which
will always be found in good statistical presentation.

LOCATION OF TABLE

Since the table is in a way a work of art, the size of the
table should be suited to the space which it is to occupy.
Whether it be a single table on a page, a group of tables on a
page, or a single table set in the contents of the page, the
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width of the columns and rows should be so adjusted that
it will look as though it belongs there. Secrist well sums up
the important points in the art of table-making in the follow-
ing words: “In the clearest way possible, project into a
table form the message which is wished to be conveyed.
Make the totals prominent by placing them first and show
the relative importance of the classification by the ruling and
spacing of major and minor headings. Make tables attrac-
tive, concise, and emphatic. Set them approximately to
standard sized pages . . . and above all give suitable
brief but explicit titles.”

TYPES OF CLASSIFICATION

Finally, tables may be classified into three groups, simple,
partial cross-classification, and complete cross-classification.
Simple tables are those in which numerical data are given
for but one classification. For example, the death-rate for
various age groups, the numbers employed in various occu-
pations, or the per capita wealth of different countries. A
partial cross-classification table is one in which two or more
sets of numerical data are given for the same classification
but without attempt to relate them to each other. A partial
cross-classification table is in reality a combination of two
or more simple tables. For instance, we might desire to
show for the various age groups in successive columns, first,
morbidity, and second, mortality rates. Or we might, for
the years 1920 and 1925, divide the population of a given
city into male and female, native-born and foreign-born,
and those having incomes of less than $2,000 and those hav-
ing incomes of $2,000 or more. It would be entirely possi-
ble to incorporate this information into one table without
showing how many males were native-born and had incomes
of over $2,000, or how many females were foreign-born and
had incomes of less than $2,000. If, on the other hand, we
were to attempt to make this classification and carry it out
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to its farthest detail so that every item could be read in
terms of every other item, then we would have accomplished
a complete cross-classification. It is possible, of course, to
make complete cross-classification tables composed of any
number of elements, but experience has shown that four is
about the maximum size practicable. (See Table 9, page
63.)

In the above suggested quadruple complete cross-classifi-
cation we have this type of table reduced to its minimum size,
since each of the classifications is composed of but two ele-
ments. Adding to this a third column, or a row representing
a total for each, we will find ourselves with a table composed
of nine rows and nine columns, exclusive of stubs and cap-
tions and titles. If, now, we are to add a fifth classification,
say marital condition, dividing it into married and unmar-
ried with a row for a total, we will then have increased our
table just three times in size. Another of a similar sort
would increase it another three. It is observed that, as we
add classifications, the size and complexity of the table very
rapidly mounts. Seldom, indeed, will a four cross-classifica-
tion table be used, not to say one which is larger. Since also
most tables are for specific purposes, general complete cross-
classifications of this sort are usually unnecessary. They
are desirable for general purposes of research, but for the
specific purpose in hand they are usually superfluous. Com-
plicated tables should on general principles be avoided.

BASES OF CLASSIFICATION

There are four general bases of classification in operation.
First, chronological classification, in which the time element
is basic. For instance, the growth of the population by
decades or immigration into the United States by years.
Second, geographic, of which birth- or death-rates by states
or countries would be an example. Third, qualitative, illus-
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trated by such classifications as sex, marital condition, and
employment. And finally quantitative, or division according
to some numerical attribute. An example of this would be
classifying men according to salary and dividing them into
salary groups of $500 or $1,000 each.

CLASS LIMITS

In any of the above four types of classification the main
problem is that of the proper definition of class limits.
Classes must be mutually exclusive if valid statistical results
are to be obtained. Chronological classifications by days,
months, years, decades, or centuries are perhaps the most
simple. But even here, in dealing with the year as the unit,
for example, we must know what point was taken as the
beginning of the year. It need not be from January 1 to
December 31, we may be speaking of the school year which
might be from September 1 till June 30. In geographical
classifications such as Wisconsin or Minnesota there is little
possibility of confusion, but just what do we mean by such a
classification as “The United States”? Are we including or
excluding our island possessions and what about territories?
Would the word Milwaukee refer to the city or to the county
of which the city forms the major portion? In qualitative
classifications male and female are absolute and mutually
exclusive classifications, but what about married and un-
married? Where will you place the widow or divorcee in
this classification?

In these three types of classificatign it is evident that our
problem is that of the proper definition of the units which
designate these classifications. There is no specific rule to
follow with regard to the manner in which the above widow
or divorcee should be classified. The important point is that
the statistical study should show definitely how she was
placed or, perhaps, for the purpose of the particular study,
that those widowed or divorced were not included at all.



68 SOCIAL STATISTICS

LIMITS OF QUANTITATIVE CLASSIFICATIONS

The problem of setting the class limits of quantitative
classifications is more a matter of the standardization of
technique than of the definition of units. When we say that
salaries are between one and two thousand, between two and
three thousand, and between three and four thousand dollars
each it is difficult to know just where the line of demarcation
between classes takes place. And yet the majority of tables
fed to the public from semiscientific sources through a
myriad of publications commit this error. Here it is that
much statistical inaccuracy has rendered many interesting
investigations valueless as secondary sources for further
study:.

Class limits in frequency distributions should always be
so clearly stated that misunderstanding cannot result. In-
stead of dividing classes into groups of from o to s, 5 to 10,
10 to 15, and 15 to 20, it is more desirable to form the prac-
tice of stating them as from o to 4.9, 5.0 to 9.9, 10.0 to 14.9,
with the understanding that each class includes everything
up to, but not including, the absolute beginning of the next
class. As a general practice there is no cogent reason for
breaking this general rule which results in clear definition
and reasonable certainty as to what is to be included within
a class. A table thus composed results in what we may call
a frequency distribution. This frequency is usually com-
posed of classes of equal size or interval, the limits of which,
as above suggested, are to be clearly indicated.

Unequal class intervals are in general to be avoided,
though there are occasions when they may be allowed. For
instance, the United States Census uses the following age
classification: (1) under 5 years of age; (2) under 1 year;
(3) 5to g years; (4) 10 to 14 years; (5) 15 to 19 years;
(6) 20 to 44 years, and (7) 45 years and over. Again, in
the study of incomes we would be justified in using a smaller
class interval for the smaller incomes than for the larger
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incomes. Up to a limit of ten thousand dollars, incomes
might be classified in thousand-dollar groups. Between ten
and one hundred thousand dollars they might be classified
in ten-thousand-dollar groups and beyond that point in one-
hundred-thousand-dollar groups. While this is an entirely
possible procedure, there is no justification for it where
equal class intervals will work as well. In general, equal
class intervals should, if possible, be employed.

Another type of table, the cumulative frequency table,
for certain purposes is quite useful. In the ordinary
frequency table the frequency for each class is given indi-
vidually, but in the cumulative frequency table the fre-
quencies are accumulated until the last class represents the
total for the whole. Cumulation may proceed either up or
down, and the frequency designated opposite any one class
will represent the total number of frequencies up to, or down
to, and including that particular class (Table 3, page 57).

Chart 1 visualizes the process whereby the individual
items in a random sample are, first, arranged in order ac-
cording to size—this is called ranging—and second, classi-
fied into size groups, which is called frequency distribution.
In the middle portion of Chart 1 (data ranged) we have
divided the vertical axis, which represents the magnitude
of the items, into equal divisions of five units each. It will
be noticed that in the first group, which extends from o to,
but not including, 5 (0-4.9), we have one case, while in the
middle section, 15.0-19.9, we have nine cases. In this
middle section the vertical axis directly indicates the length
of each individual bar. The next step reverses the arrange-
ment of the axes, showing not the size of each individual
item, but the size class into which it falls, along the base line
or the horizontal axis. The vertical axis now merely indi-
cates how many of the items fall within each class. We may
think of this third portion of the chart as representing the
bars or items no longer standing on end and ranged but the
bars of a given size class lying on their sides and piled.
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The third portion of the chart can now be readily con-
verted into the form of a frequency table as is illustrated in
Table 4 on page 58.

COMPLETE CROSS-CLASSIFICATION GENERAL-PURPOSE TABLES

Tables 5 to 9, on pages 59 to 63, represent the process
whereby the complete four cross-classification is developed
from the simple one cross-classification table. This is an il-
lustration of what can be done rather than what will usually
be done. Since most tables are for the special purpose of
some particular investigation, they will tend to be partial or
incomplete cross-classifications. Attention is again called to
the fact that these tables have purposely been reduced to
their simplest form. Each classification is composed of a
total and of two elements; for instance, total, male and fe-
male. Of course, it is rather unusual to divide incomes into
just two classes with $2,000 as the dividing line, but it is in-
teresting to note what would happen to the size of our table
if we had incomes more logically divided into a dozen or
fifteen groups. The number of items in the various classifi-
cations must always be taken into consideration in deter-
mining the number of cross-classifications to be attempted.

The first two tables occupy relatively more space than
the others, due to the fact that more space is available. In
the same manner, the third table might be made wider, but
there would be no object in increasing the length of the
fourth.

These tables are purposely typed to demonstrate what can
be done by any stenographer or clerk who is in the posses-
sion of a bit of patience and ingenuity. Their main lack is
the absence of any variation in the type of line used.

Attention should also be called to the fact that this com-
plete four cross-classification table represents the four types
of classification: chronological, qualitative, quantitative, and
geographical.
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SPECIAL-PURPOSE CROSS-CLASSIFICATION TABLES

Tables 10, 11, 12, and 13 are taken from the National
Tuberculosis Association’s pamphlet, Tuberculosis Case-
finding Surveys, which was prepared by their statistician,
Miss Jessamine S. Whitney. They are special-purpose
tables and represent both complete and partial cross-classi-
fication. They further illustrate the type of work which
may be expected from the printer.

In Table 10, note the unequal interval of the age groups
due to the requirements of the particular problem. This is
a double complete cross-classification table.

Table 11 is also a complete cross-classification of three
elements. Note the equal class interval of the age grouping
and the designation of the class limits.

Tables 12 and 13 are partial cross-classifications. Note
the manner in which the first column of Table 12 accommo-
dates the three classifications: (a) white and negro, (b)
resident and non-resident, and (c) dead, alive, arrested, re-
moved. This arrangement takes less horizontal space in
the table than the method used in the preceding typewritten
tables but is less clear. It is, nevertheless, by far the more
common method.

If the titles of these tables seem not entirely clear and
self-explanatory, it is because they appear in the body of a
survey which furnishes this additional information.

MECHANICAL TABULATION

In mechanical tabulation, facts are entered directly from
the schedule or other source upon the punch card which is
illustrated in Form 2. The amount of information which
can be recorded upon a punch card is definitely limited by
its 45 columns and the type of data which are being re-
corded. Qualitative data such as cause of death, occupation,
nationality, and so forth, can be coded so as to require only
one or two columns. Quantitative data can also be coded,
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TABLE 10
ConjucaL CONDITION

AGE GrOUPS
ConNjuGaL CONDITION

0-19 20-24 25 Years
Total Years Years and Over

All persons.......... .
Single. ........... .
Married .........
Widowed. . ... ...
Divorced ........
Separated .

provided we are dealing only in round numbers or frequency
classes, but usually they are not and require as many col-
umns on the punch card as there are places in the largest
figure to be recorded. Names, addresses, and dates may be
written at the top of the card or may be coded and punched.
The University of Wisconsin codes the name of each of its
8,000 students for the purpose of mechanically returning
them to alphabetical order.

The economical adjustment of a group of items to the
punch card is a task which requires careful thought. Some-
times it will be possible to enter all the data on a schedule,
but more often it requires several cards or a selection of
data for one card.

Punching is done by means of a mechanical device which
works with numbered keys and automatically advances the
card one column each time. The mechanical process of
punching the cards and checking them for errors requires
time, but once they are made we have a permanent record
which can be put through the tabulating machines any num-
ber of times.

Tabulating machines are highly complicated electrical
devices which sort the cards and operate adding machine
units by means of electrical contacts which are made through
the punched holes. They are able to sort and tally the cards
for as many classifications as are desired and give a half-
dozen or more totals at one operation. A machine of this
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TABLE 12

ExTENT To WHICH PERSoNs ComiNG 1IN ConTacT wiTH TUBER-
curLous PATIENTS WERE ExXAMINED, ACCORDING TO STATUS
oF LATTER WHEN Last KNowN

PERSONS* COMING IN CONTACT WITH TUBERCULOUS
PATIENTS

STATUS OF TUBERCULOUS o
PATIENTS WHEN LAST Children (under
KNOWN sixteen years) Adults

In House- In House-
holds Examined holds Examined

White.............

Arrested R
Removed. .....
Non-residents ...

Negro
Residents

Removed. .. ...
Non-residents. . . .

*When a person came in contact with morc than one patient, he has been enumerated
only once and then as a contact of the patient whose condition was the most serious.

An example of partial cross-classification. Compare the arrangement pof
the three classifications in the column at the left with that of the two
classifications in Table 9, page 63.
sort will, once the cards are punched, do as much work in an
hour as a clerk could do by hand in a week. This is the
method which has made the modern census possible. It is
used by large business concerns to great advantage and even
great universities are adapting it to their needs. Form 3
shows how it might be adapted to a specific problem.
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VI

GRAPHIC PRESENTATION!

The purpose of graphic presentation. The pictogram or statistical picture.
The limits of pictogramatic presentation. The cartogram or statistical
map. The circle and sector or “pie” chart. The bar chart. The line
graph. Criteria and standards of good graphic presentation.

GrAPHIC presentation is the problem of visualizing tabu-
lated or tabulable data. It exists both for the purpose of
analysis and propaganda. No type of statistical presenta-
tion has been more widely applied and none has lent itself
more fully to misrepresentation in the hands of the propa-
gandist, or vague half-truths in the hands of the tyro. King
remarks that “figures, at best, are not easy things for the
mind to hold long enough for the purpose of comparison.
When read to an audience they become practically meaning-
less. 1Ina book, their essential indications can only be ascer-
tained by careful scrutiny. One of the chief aims of statis-
tical science is to render the meaning of masses of figures
instantly clear and comprehensible at a glance.” To tell a
listening audience the numerical loss of life suffered by the
various nations in the Great War, or present the same nu-
merical data in tabular form to a reading public requires
considerable mental effort on the part of listener and reader;

1 With the exception of Charts 4 and 18, the charts used in this chapter
have been selected very much at random as actual examples of current sta-
tistical practice. They represent good, bad, and indifferent statistical pres-
entation. The reader will profit most by sizing them up in the light of the
criteria laid down. The writer is indebted to The American Appraisal Com-
pany for Charts 2, 7, 8, 19 and 20; to the University of Wisconsin Agricul-
tural Experiment Station for Charts 3 and 6; to University of Nebraska
Bulletin No. 180 for Charts s and 10; to the Quarterly Journal of Economics
for Chart g; to the Chamber of Commerce of the United States for Charts
11, 13, 14, 15, 16, and 17; to the United States Department of Labor,
Children’s Bureau, for Chart 12; to the Wisconsin State Board of Health for
Chart 21; and to the United States Department of Agriculture for Chart 22.

77
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first, in comprehending the figures, and second, in making
the comparison. In the case of the audience there is no
possibility that they will be capable of retaining the figures
in mind long enough for this purpose or that they would be
capable of this purely mental comparison if they did remem-
ber the figures. The human mind, it must be remembered,
at best is lazy and refuses to operate unless adequately stimu-
lated. A suggestion here to public speakers is in order. It
is useless to rattle off figures of numerous integers. The
mind refuses to grasp them and they become confused.
“One billion, five hundred sixty-eight million, one hundred
and ten thousand, two hundred sixty-four” may be the exact
truth, but to your audience “a bit over one and one-half
billion” will convey the idea much more surely and make
comparison possible. Graphic presentation, then, rests on
the psychology of “fixation of attention.” It meets also the
psychological problem of illusion, and the statistician must
be careful to avoid methods which seem to show what is not
there or which confuse the eye. Methods of graphic pres-
entation should not be used independently of the data con-
cerned, since they are merely illustrative or for the pur-
poses of visualization. They should either be used in con-
junction with the tables which they illustrate or contain
within themselves the data.

Care must always be taken in selecting the most appro-
priate method of graphic presentation. The criterion may
be scientific, or it may be purely popular, the question being,
what will best appeal to the particular group with its par-
ticular group background?

THE PICTOGRAM

The most commonly used method, in the past at least, is
that of the pictogram or statistical picture. We probably
first became familiar with this method through the agency
of our old geographies which, in the back, compared the
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status of countries in the matter of production of wheat, cot-
ton, and other commodities through the agency of pictures
of bales of cotton of various sizes, bags of wheat, piles of
coal, big men and little men, and squares, cubes, and circles
of various dimensions. You will find them today in any
copy of Literary Digest or other magazines which popular-
ize statistical facts. There is no question that they make a
psychological appeal far stronger than that of the most sci-

Nlustrating the growth of industrial
property costs over those of
= two decades ago.

The onginal outlay for
the property

1905 1906 1907 1908 1909 1910 1911 1913 1918 1919 1920 19311922 1923 1926 1923

Chart 2: A pictogramatic bar chart.

entifically constructed charts and graphs. They capture the
attention, direct it to the data, when the data happens to be
present, and fix upon the mind an image. The trouble is
that this image is apt to be capable of various interpretations
which are usually erroneous. The reader will have in mind
that most common of all pictograms which illustrates the
sizes of various standing armies of the world. Here we have
in order first the giant soldier and then soldiers of various
sizes down to the pigmy which represents the standing army
of the nation with the smallest number. What is the com-
parison which is expected of the reader? Is he to compare
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height, or area, or volume? The smallest soldier may be
one-tenth the height of the largest soldier but in area and
volume he is very much smaller. Pictograms of this sort
seldom indicate which comparison has been used, and even
where the figures accompany the pictogram it is difficult to
discover which was meant. About the only idea which the
reader can get is that either a large or a small amount of
difference is present. It is of value only in capturing the
attention, and then only in case he studies the data and cor-
rects the optical illusion which is sure to be present. It
may be stated with the force of a law that it is bad statistical
practice but not bad propaganda to employ methods of
graphic presentation which use more than one dimension
for purposes of comparison. Pictograms should never be
used except in conjunction with, or for the purpose of, the
modification of legitimate methods of graphic presentation.

The writer has in mind a statistical picture which ap-
peared some time ago in a popular magazine and which so
impressed him that he made note of it for future reference.
It was labeled “Relativity.” Four figures were represented.
First came the pugilist with his determined face, bull neck,
broad shoulders, brawny arms, and the information that he
earns $750,000 per year. Second, the movie star, a Jackie
Coogan, who came well above the pugilist’s shoulder and
was labeled $500,000. Jackie’s head was the larger of the
two and he was almost as tall, but, even with arms akimbo
he did not compare with the fighter in breadth. Third in
line was the baseball player who came to Jackie’s elbow
and was labeled $100,000. And last in the list, the college
professor who stood as high as the baseball player’s knee
and was labeled $3,500.

Now we will admit that the picture was striking and cer-
tainly told a story. At least college professors would be apt
to remember it. But it was a picture in which the numerical
values bore very little relation to pictures by which they
were represented. It is interesting to note that the pro-



GRAPHIC PRESENTATION 81

WHO GETS THE MONEY?
THE COST OF MANUFACTURING AND WARKETINC A POUND OF WISCONSIN CHEESE-IN CENTS

o AMERICAN Wiss

FARMER

PRCJUCTION

Lcnstst
MAKER

AL COST||_ @85.08
CONSUMER]  CENTS

25.85 2640
CENTS CENTS

THE FARMER RECEIVES ABOUT HALF THE MONEY PAID BY
CONSUMERS FOR CHEESE

The other half of the copsumer’s price is divided among a large number of
middlemen, the retailer getting about as much as all the others. *

Chart 3: A pictogramatic table the advantages of which are doubtful.

TABLE 14

Wuo GETs THE MONEY?

The Cost of Manufacturing and Marketing a Pound of
Wisconsin Cheese—in Cents

Divided Among American Swiss Brick Limburger
Production—

Farmer............| 13.00 13.25 12.50 I11.00

Cheese Maker..... 1.75 1.75 1.25 1.75
Distribution—

Dealer............ .75 .75 .75 .75

Shipping. . ....... 1.25 1.25 1.25 1.25

Wholesaler & Broker 2.00 2.50 2.25 2.95

Storage & Shrinkage .80 1.00 1.10 1.05

Retailer........... S 50 8.75 6.75 7.65
Total Cost to Consumer.| 25.05 29.25 25.85 26.40

*The above table is constructed on the basis of the totals and the pictogramatic informa-
tion contained in Chart 3. What are the advantages of each?
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A Stupy 1IN RELATIVITY

Type of Work Salary Each division represents $100,000
or—I—2—3~—g——5——6——7—8
Pugilist $750,000 | $553555855553555555555553555555355883
Movie Star $500,000 | $553555333855555538555555
Baseball Playe: $100,000 | $3388
College Professor $3.500 | *

*Each dollar sign in the above chart represents $20,000.
The Professor receives less than one-sixth of this smallest unit of measurement
in the chart; an amount too small to be indicated.

Chart 4: A suggestive bar chart which carries a message.

fessor was as large as the baseball player’s shin, or the movie
star’s forearm, or the pugilist’s foot—but merely interesting.
Chart 4 shows the manner in which the statistician might
have attempted to popularize the same information.

THE CARTOGRAM

Cartograms or statistical maps partake somewhat of the
nature of the pictogram in that they present a familiar geo-
graphical area in map form and show the distribution of the
data concerned. Cartograms most commonly have to do
with the distribution of density or frequency. Methods are
employed which range all the way from definitely differen-
tiated cross-hatching to mere shading. In dot maps one dot
may represent a single unit or any designated number of
units. Where the dots are too frequent to be easily counted,
the result is a mere density of shading which gives but a
vague impression of greater or lesser amount. Where one
dot represents a large number of units, for example, one
hundred, one thousand, or one million, it is a common prac-
tice to use half and quarter dots in conjunction with full
dots. This makes it possible to gain the impression of den-
sity and also to have a small enough number of dots so that
they can be counted. This, however, is a cumbersome
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method and seldom, indeed, will the interpreter of the carto-
gram put himself to the trouble of counting the dots, quarter
dots, and half dots, and estimating the total. As a general
rule, definitely designated cross-hatchings are preferable in
the making of cartograms.

In the choice of different types of cross-hatching two

A’S UNLIBRARIED POPULATION

Less than gwo.fifths have access to public hbrary facilities. The sparser the pupu.
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Chart 5: Two good examples of the cartogram or statistical map.
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rules may be followed. In the first place each type of cross-
hatching should be definitely recognizable and capable of
differentiation from all others. In the second place, the
greatest density or the highest degree of frequency should be
represented by the most definite or blackest cross-hatching
while the lightest density or smallest degree of frequency
should be represented by the lightest cross-hatching or per-
haps no cross-hatching at all.

A variation of the cartogram is the pin map in which glass-
headed pins of different colors take the place of dots. This
is purely an office map for administrative or propaganda
purposes where it is desirable to keep pace with fluctuating
conditions. Every cartogram should contain an easily un-
derstandable key and where possible a table containing the
data on which it is based. Undoubtedly the most unscien-
tific and least desirable method of cartogramatic presenta-
tion is that in which circles or dots of different sizes are
used. Obviously, it is impossible to compare the area of
circles with any degree of exactness.

THE CIRCLE AND SECTOR

Another widely used and little justified method of graphic
presentation is that of the circle and sector chart. This is
used in the main where it is desirable to show a portion of
the whole in such studies as “where the dollar goes.” About
the only advantage of this method is that the circle may be
made to represent and visualize the dollar. By dividing the
circle into sectors and cross-hatching these sectors into dif-
ferent designs it is possible to indicate relationships, but not
so exactly as good statistical presentation demands. It is
possible by the means of concentric circles of different sizes
to make more than one comparison, but usually these result
in such complicated diagrams that they are very difficult to
interpret. Indeed we may say of the circle and sector dia-
gram that it is capable of portraying little which cannot be
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POUNDS

_3.288.581

19.535.324

54.614,86i

79,384,298

148,906,910

@

FIG. 1.—~HOW THE WISCONSIN CHEESE INDUSTHV HAS GROWN

Fi for 1860 to 1910 the Federal Cau for 1913 from estimotes
‘made b‘;’l.;o \ﬁl‘om"s tate Dr:ll:'y 'ood Cn ner.

Chart 6: These dots show nothing that could not have been portrayed
to far better advantage by bars.
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EACAvATION

OVERHEAD

Distribution of Construction Costs

Chart 7: This chart represents a subdivided circle and sect or diagram

as effectively done as i3 possible with this type of chart. Made in the form

of a horizontal bar chart it would have been capable of readier com-
parison but still complicated.

presented to far greater advantage by the next method

which we are to discuss. The main advantage of the circle

and sector chart lies in its slightly more popular appeal.
THE BAR CHART

The bar chart visualizes by means of bars of varying
length but of the same width, either horizontally or verti-
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How Much of a Concrete Building is Cement?

Chart 8: An example of the advantageous use of cross-hatch shading.

cally arranged, the magnitude of the data in question. In
this chart we have the ideal method of presentation of most
kinds of statistical data. Comparison is made by means of
but one dimension, that of the length of the bar. Compari-
son is aided by a scale extending along the length of the first
bar, either horizontally or vertically, as the case may be and
by scale lines which run through as many of the bars as is
necessary. Again, we may point out that there is little in
graphical presentation which cannot be accomplished by its
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A COMPARIEON OF THE EXTREMES OF VARIATION'IN THE PER-
CENTAGE OF EXPENDITURE FOR VARIOUS PURPOSES BETWEEN
THE HIGHEST AND THE LOWEST INCOME GROUPS IN FIVE
INVESTIGATIONS®

NN\~
S\

\\ DY,
)

7 905. 200 families.
(g0
2

NN
\\\\\\\\

NN s,
NN\ 7

i roco cwmm@ uemr s e W NEGST

' Tae Exrexpirunes 18 Five INveeTioATIONS
g‘ come Per cent of Total Expenditure
H roups
Tavestigation A — Lowest Light Mis-
— Highest | poog [Cloth- and | Rent | cella~
g | Fuel neous
Engel .........ooivvnin A $225- 300 } 620 |160 | 50 | 120 | 5.0
B 750~1000 50.0 | 18.0 5.0 | 12.0 | 150
Mrs. More .............. A 200-400 {442 | 73| 65 | 305 | 115
B 1200-1500 30.5 | 11.3 4.5 | 180 | 26.7
Dr.Chapin .............. A 400~ 499 408 1130 | 56 | 268 | 148
B 1500-1599 36.8 | 16.8 4.1 | 163 | 26.0
U.8B.ofL............. A Under200 | 509 { 87| 7.0 | 169 | 156
B 1200 Over 3656 1157 | 50 | 174 | 254
TeingHua .............. A 30- 49(a)[ 700 | 34 | 60| 09| 13
B 130- 149 708 | 85| 720] 71| 66

(a) Chinese dollars. Exchange value Guctuates greatly but is normally sbout $.50,

Chart 9: A startling comparison made possible by the use of the horizontal
bar chart.
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proper use. Even the line graph which we are to discuss next
is but a refinement of this same bar chart. The only advan-
tage, in addition to that of visual appeal, that the circle and
sector diagram has over the bar chart is that the circumfer-
ence of the circle represents the total, whereas in a bar chart,
especially if it is composed of a large number of bars, it is im-
possible to use a bar to indicate the total without making it
out of all proportion to the remaining bars which follow.

ALL FARMERS
THEIR WIVES
OWNERS
THEIR WIVES
PART-OWNERS [
THEIR WIVES

ALL TENANTS

CASH
THEIR WIVES &%
MANAGERS
THEIR WIVES RS

0 S 10 18 20 @5 30 35 “0 45 50
BB Age ar marriage Years married @EJ Toral Age

Chart 10: Horizontal bar chart showing age at marriage and at present
of Nebraska farmers. Note the scale designations at both the top and
bottom of the chart.
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The bar chart shows the relation of the parts to each other
better than it does the relation of the parts to the whole.

Another great advantage of the bar chart is the ease with
which it adapts itself to pictogramatic presentation. We
have referred earlier in the chapter to the pictogram using
soldiers of different sizes to represent the fighting strength
of the different nations. Applied to the bar chart method,
instead of having large soldiers and small soldiers, we would
have in the place of the bars lines of soldiers of exactly the
same size but of different number, each in his characteristic
native costume. This will attract the attention quite as
easily as the other method and will leave no question in the
mind of the reader as to what is the element of comparison.
Where this is impossible, the body of the chart itself may
contain a picture or a diagram which will draw attention to
the bars below. Such illustrative treatment, however, will
be used only where necessary for propaganda purposes. The
statistician does not need to have his charts thus decorated
in order to understand them.

A pleasing variation of the bar chart is the bar chart and
statistical table combined. The table is made in its usual
form with the exception of a column at the right of sufficient
width to contain bars representing the various classification
at the left. In this manner the table is visualized and all
of the advantage of both table and bar chart are obtained.
For simple comparisons of size the horizontal bar chart is
usually used, while for frequency distributions the vertical
bar chart is the almost universal practice, except where the
charts and frequency table are combined. For chronological
series the vertical bar chart is the most commonly used, ex-
cept when the bars are so few in number that a horizontal
arrangement would look better.

Bar charts have the further advantage of lending them-
selves to subdivision and cross-hatching. If, for instance,
we wish to show the change in proportion of urban to rural
residents in the population by decades, it is possible for the
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NATIVITY OF THE POPULATION
SHOWN  BY THE CENSUS
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Chart 1x: Horizontal bar chart arranged in_perspective to give the effect
of distance to earlier decades. The vertical axis is in the middle.
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- 100%

399

Qerman............ [24.] /// 44,31 307

Native white....... 20.0 632

0 o

S & Z N 668

- Tea or coffee two ormore times daily

] Tea or coffee once a day

[:] No tea orcoffee

E Not reported

Chart 12: Horizontal bar chart showing the percentage of children two to
seven years of age using tea or coffee by nationality of mother. A sub-
divided scale at the top with guide lines would have improved the chart.
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Chart 13: This chart illustrates the use of the zero line for the purpose
of portraying positive and negative quantities,
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Chart 14: An excellent subject the possibilities of which are not fully
realized due to rather lifeless cross-hatching. This chart has the opportunity
of showing the steady decrease of immigration from Northern and Western
Europe and the remarkable increase from Southern and Eastern Europe.
Black is well chosen for the East European section, but the South European
section should have been cross-hatched in heavy black lines in order to link
the two together and to make them stand out in contrast to all the others,



‘sdnoI3 3} JO [YOEd UI JUSWS[A dwes Y} saredwrod
Juo YIYM YA AJNOup a2y} 03 anp pue ‘sdno1d oy Sursodwiod sieq jo yiSus| SuikieA ApPpia
2y} 03 anp uosuedwod Jo NP £19A ST ‘043 37} 03 JATPBINE I[IYM ‘MBYD 3A0qE YL, :S1 uey)

$ILVAS 0ILINN INL SO IIWINNOI 4O EIGNVII L

H H N3GIMS | ONY ML

VIAVY IS, VIRVAOIS Niviibar

A1 =OHZIZDIAY 1YIY9,
PCEFT ; . v

ONQ— “ " “ “ %¢ ‘" « %

olel “ “ 4 “ é“ “«“ “ —

0681 40 SNSN3ID ALIWNOILYN Nodh %2 ONILLIWY3d  1VS0dOY¥d TZzZzar
SVLOND LN3S3¥d 0L G300V €261 JO NOILVHOINS HLIM TwS040¥d %€ « L3N« SS9
0681 “ ' ‘‘ “oou o TvS0d0yd ESSSI2

016l 40 SNSN3D ALITYNOILVN NO4N %€ ONIL LINY3d MV IN3SIyd S

¥3IAONN
S3IYLNNOI VIOND Q3123735

WOoY4d HVIA N3IAIS Vv Ni

Q3LLIWY3d SLNVYOIWNI 40 H3SNWNN

95



*31 woly suosiredwrod ayeW 03 JNOGHIP ST 3T '949 oY) 03 SUIsNJU0d ST Ueyd SIY} ‘aAndRIIe YInomy :9r Weq)

N3K4019410 HATE

00009

00008

298 IWWO) SO ¥3IBWVHD ‘L IN 1NV

feecieitecaicccicscacmomme cdeem ._.-...“.

T L L R

H
N
,
4 {
45 4 ‘
Fin . .
~f \ ' 7
cp '
= ; 00002
] I '
o} . . [
H H : '
L [ H H H . .
. i ! v
[ ! H I
b [ . . . ' “ .
L3 (A i ' [ T . ' '
H .a!» W) , v SINVYOIVINI ho WIBWAN MOHS SNWNI0D %IV 18 01108
BEBREBHBEBRTE R 03111Wy3d Y38WNN TVANNY 3uL LSNYHX3 SHINOW § 04 SV1IOND >._x.—zoz LRGP T
zr{p 21K §l & Rk 2 P
rizisle 33| 4 [SEBH £ |°2 NIQIMS] vy 132
2 {«<izl® 1 R e <3 23 S¥IML0 VIAYYS HIVAOTS  AVMRION NIV L1308
4 ° sP > &z M| Awa [onviod] v Wl 090A| VsISAV] = 0HI32T ryvinn 39 4v3yd
F201 10 FLbi ) €L AON=INC ) B04 SV.LOND T261"INNE) TONV 5378 36 (8) 1190 ) TAONT1) 03 SV.LOND ATHINOA
SLNVUOINWNI IO HIBNWANN

GNY

96



97

S
MMICRANTS

ANT

)

R

IG

0SS TO OCCUPATION
DMISSION OF 1
URE OF EM)

GRAPHIC PRESENTATION
PART

NET CAIN OR L
RESULTING FROM A
AND DE

WOMEN ano

- |CHILDRTN

[ Joccupation,
1. INCLUDING

N

EEEREN NN

NN

\\x\\\\gl/////ﬁ/

I DEVELOPHENT DEPARTHINT
CHANBER OF COMNERCE OF TL UNTLD STATIS

ceedimcncciaas edecanieaans

{3 MONTHS PERIODS,

...........

\\\.\.Eﬁ//
P

S eeciectimscacccisinsetsmannssme .o emye maraa

Chart 17: A variation of the subdivided bar chart.
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complete bar to represent the total population and one por-
tion of it to represent the urban and the other portion the
rural population. Or if our study happens to be the stand-
ards of living, a larger number of divisions of the bar may
be set aside for each of the elements composing the standard.
Another manner of accomplishing the same thing is that of
grouped narrower bars. But in either of these methods care
must be taken not to make the chart so complicated as to
produce confusion.
THE LINE GRAPH

As has already been noticed, the line graph is a perfectly
normal evolution from, or refinement of, the vertical bar
chart. 1In reality it stands for the same thing. Instead of
erecting rectangles from a base line to given points repre-
senting the height of rise, these points are connected by
lines, straight or curved, which really represent the same
thing in a simplified manner. Either historical or frequency
data can thus be represented, in the former case by means
of dates, years, or decades along the base line and in the
latter by means of designating the limits of the frequency
classes. In either case the vertical axis will represent the
frequency or the number of cases. Provided the same axes
are used, it is possible to superimpose any number of graphs
on the same chart within the limit set by the possibility of
easily following them. Where the same base line is used, it
is sometimes permissible to use two different vertical axes,
one on the left and the other on the right-hand side of the
chart representing different frequencies. In this case it is
a good plan to have one of the vertical axes and the graph
represented by that axis done in black and the other axis
and its graph done in red, or light and heavy lines might be
used. This prevents confusing the two. A frequency graph
usually represents a sample plot, and the first step in making
it is to connect by straight lines the points represented by
each one of the classes in the sample. If the data represent a
truly continuous series, we can get an idea what the com-
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pleted universe would look like by ironing or smoothing out
the angles. This is done by fitting a curved line to the points
in question. There is no specific rule to follow in this iron-
ing out of angles, except that care must be taken when de-
viating from the straight line to see to it that as much new
area is added as has been excluded in other places. This
may not give an exact picture of the universe, but it is a
fairly close approximation.

The cumulative frequencies already discussed under tabu-
lation can as easily, and in the same manner, be submitted
to graphic presentation. They give us, however, quite a
different type of graph from that of the simple frequency
distribution. This graph is called the “ogive.”

Percentages and other rates and ratios lend themselves to
graphic presentation by means of circle and sector, bar
chart, and line graph. One of the newer methods of graphic
presentation showing proportional change is that of the ratio
chart. By this method the logarithm of the number rather
than the number itself is plotted. By ascertaining the loga-
rithms of numbers, it is possible to plot such a curve on ordi-
nary cross-section paper, but it is more desirable to use a
specially prepared logarithmic paper, on which numbers can
be entered directly and can be read off in terms, not of their
logarithms, but of the original data. This method, how-
ever, is popularly so vaguely understood that it is of little
use to any but statisticians.

Charts 184, 180, 18¢, and 184, based on the writer’s inves-
tigation of the standard of living in North China, data for
which are given in Table 15, illustrate the relationship ex-
isting between the bar chart, the line graph or frequency
polygon, and the smoothed curve. The justification of
smoothing lies in the fact that marked irregularities in
straight-line graphs are probably due to the inadequacy of
the sample. Considering Chart 185, we can only conclude
that there is no cogent reason for the marked fluctuation
occurring at families of four or the less marked fluctuation
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THE DISTRIBUTION OF 432 NORTH CATNA PANIL1EBS
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Chart 18b: The frequency polygon can be easily constructed from points
without the aid of the bar chart or rectangular histogram used in the
preceding chart (18a),
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THE DISTRILUTION OP ¢33 NORTH CHINA PAMILIES
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Chart 18c: The smoothed curve can also be drawn directly from points.

Note the ease with which a chart can be set up directly with the aid of a

typewriter. Charts 18a, 18b, and 18c represent discontinuous or discreet
series and, as such, should be more sparingly smoothed.
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Chart 18d: The size of family represents a discontinuous series, but the
above classification of income is continuous. Here greater freedom in
smoothing may be indulged in.
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at families of seven and eight. The fluctuation is more apt
to be a statistical accident than an important social fact.
Chart 18¢ shows us what more probably would have been
the case had a larger sample been available. Chart 184
shows a higher degree of symmetry but with a marked skew-
ness or leaning toward the left.

Note, also, in Chart 184, that only the effective limits of

TABLE 15§
THE DISTRIBUTION OF

491 NorTH CHINA FAMILIES
412 NorTH CHINA FAMILIES ACCORDING TO SiZE
ACCORDING TO S1ZE oF INCOME
Tsing Hua Survey, China, 1921
Size of Number of Size of Income in Number of
Family Cases Chinese Dollars Cases
Total 432 Total 403
1 2 0~ 24.9 2
2 23 25.0- 49.9 24
3 70 50.0- 74.9 89
4 69 75.0- 99.9 91
5 116 100.0-124.9 54
6 71 125.0-149.9 49
7 29 150.0-174.9 37
8 27 175.0-199.9 24
9 12 200.0-224.9 21
10 8 225 0-249.9 5
11 5 250.0-274.9 4
12 o 275.0-299.9 3

the frequency classes are expressed along the base line.
Sometimes each bar is designated by recording the entire
class interval, as 0-24.9, 25.0-49.9, and so on. This pro-
cedure is not only unnecessary, but adds to the complexity
of the chart.

The first three charts, 184, 185 and 18¢, based on the size
of the family, are discreet or discontinuous while the fourth,
18d, based on income, is a continuous series. Continuous
series can be more freely smoothed than discontinuous ones,
though smoothing is allowable in both cases.
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CRITERIA OF GOOD GRAPHIC PRESENTATION

Most of the criteria applied to good tabular presentation
already noted in a preceding chapter, apply equally well to
charts and graphs. (1) Of primary importance is the des-
ignation or title which must provide adequate description
without superfluity. (2) The data on which it is based
must be present either within the chart itself or on an in-
cluded or accompanying table. (3) Units of expression
must be made clear on scale or in special key. (4) Where
cross-hatching or different types of dots or other methods
have been used, a key must be provided within the body of

FLUCTUATIONS
IN BASIC PRICES OF
SOME ELEMENTS OF
PROPERTY VALUES

Chart 19: An unusual and effective treatment which arrests attention.
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the chart which will show at a glance their respective mean-
ings. (5) The mechanical form of the table should be ad-
justed to the size of the page which it is to occupy. Through
the proper selection of lines, types, and colors, it should be
given perspective. (6) When necessary to diverge from
the horizontal, printing should be so arranged that the page
can be read from the bottom or from the right-hand side.
(7) Avoid the optical illusions which so easily result from
unwise cross-hatching or from too complicated line graphs.
(8) In bar charts and line graphs base lines and vertical
and horizontal axes should be heavier than other rulings.
(9) When more than one graph appears on the same chart,

PHYSICAL HISTORY (§

OF A TYPICAL
MACHINE

Chart 20: A chart which compels the reader to stop and figure it out.
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TYPHOID FEVER
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Chart 21: A unique and not entirely satisfactory treatment of the chrono-
logical line graph.
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these may be indicated by lines of different colors, light or
heavy lines, or by solid lines and broken lines of different
interval. (10) Scales indicating the length of bars or the
height of curves should be clearly indicated and conve-
niently located. For the horizontal bar chart this scale will
be located at the top above the first bar; while at the left
the significance of each bar will be indicated. In the verti-
cal bar chart or in the line graph the scale should usually be
at the left, though it may occur at the right when two scales
are used or when the size of the table demands it. At the
bottom along the horizontal axis will be placed either chron-
ological values or class intervals. In chronological data bar
designations are sometimes placed also at the top. (11) It
is desirable but not always possible to show the zero point
on scales. Where this is not possible it is a good practice to
show by the use of a break in the scale where the interval
occurs between the zero point and the point where the scale
is resumed. (12) Since it is possible by the choice of dis-
proportionate vertical and horizontal scales to distort the
resulting graph, it is a good plan to have both in proportion.
This, however, is not always possible and it is sometimes
even desirable to magnify variations in order to make them
stand out. (13) For the qualitative and geographical dis-
tributions the horizontal bar chart should be used. The
vertical bar chart should be used for all frequency (quanti-
tative) distributions and for chronological data where the
periods are more than four in number.

The above general rules have been purposely reduced to
the minimum since, as in the case of the table, each graph
or chart represents a highly individual problem. A careful
statistician will gain much information in regard to graphic
presentation by the study of tables made by others and
analysis in the light of the foregoing standards of good
graphical presentation. Two valuable works on the subject,
are Graphic Methods for Presenting Facts, by W. C. Brin-
ton; and Charts and Graphs, by Karl G. Karsten.



of Florence Crittenden Missions.

Chart 22: The pictogram and cartogram combined to show the distribution
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STANDARD RULES FOR GRAPHIC PRESENTATION!

1. The general arrangement of a diagram should proceed from
left to right.

2. Where possible, represent quantities by linear magnitudes,
as areas or volumes are more likely to be misinterpreted.

3. For a curve the vertical scale, whenever practicable, should
be so selected that the zero line will appear on the diagram,

4. If the zero line of the vertical scale will not normally ap-
pear on the curve diagram, the zero line should be shown by the
use of a horizontal break in the diagram.

5. The zero lines of the scales for a curve should be sharply
distinguished from the other coordinate lines.

6. For curves having a scale representing percentages, it is
usually desirable to emphasize in some distinctive way the 100%
line or other line used as a basis of comparison.

7. When the scale of a diagram refers to dates, and the period
represented is not a complete unit, it is better not to emphasize
the first and last ordinates, since such a diagram does not present
the beginning or end of time.

8. When curves are drawn on logarithmic coordinates, the
limiting lines of the diagram should each be at some power of
10 on the logarithmic scales.

9. It is advisable not to show any more coordinate lines than
necessary to guide the eye in reading the diagram.

10. The curve lines of a diagram should be sharply distin-
guished from the ruling.

11. In curves representing a series of observations, it is advis-
able, whenever possible, to indicate clearly on the diagram all
the points representing the separate observations.

12, The horizontal scale for curves should usually read from
left to right and the vertical scale from bottom to top.

13. Figures for the scales of a diagram should be placed at
the left and at the bottom or along the respective axes.

14. It is often desirable to include in the diagram the numeri-
cal data or formulas represented.

15. If numerical data are not included in the diagram, it is

desirable to give the data in tabular form accompanying the
diagram,

1Work of the Joint Committee on Standards for Graphic Presentation,
W. C. Brinton, Chairman. Quarterly Publication of the American Statistical
Association, Vol. X1V, December, 1915.
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16. All lettering and all figures on a diagram should be placed
so as to be easily read from the base as the bottom, or from the
right-hand edge of the diagram as the bottom.

17. The title of a diagram should be made as clear and com-
plete as possible. Subtitles or descriptions should be added if
necessary to insure clearness.
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NUMERICAL SUMMARIZATION

The meaning of numerical summarization. Types of numerical summariza-
tion. Averages: the arithmetic mean; the mode; the median. The charac-
teristics and limitations of averages. The weighted average.

THE purpose of statistical tables and of various types of
graphic presentation is to bring about order within given
masses of statistical data and to present them in such man-
ner that the relationship between parts can be observed.
While accomplishing this purpose, however, these methods
do not so easily lend themselves to the further purpose of
the comparison of the separate groups of statistical data
thus treated. We need, then, not only statistical methods,
for the analysis of the relationship between parts, methods
which give pictures representing elements composing the
whole, but we also need methods which will reduce the whole
to terms of one numerical value, in order that comparison
between different groups of data may be facilitated. This
is the aim of the types and averages of various sorts which
are used by statisticians but so little used and understood by
the general public. Statistics has been called the science of
averages, but this statement is correct only if we under-
stand the manner in which the latter term is used. The
word average as popularly used and understood is merely a
very loose generalization which covers a multitude of evils.
The definition really means that on the average consecutive
samples from within a given field will show a marked degree
of similarity. We are continually hearing such expressions
as, “on the average,” “normal conditions,” “per capita
wealth,” “a typical year,” and so forth. These concepts and
the numerical values in which they are usually expressed in-

112
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dicate the need in the popular mind for some simple one-
term expression by means of which comparisons can be
made. The man of the street is not interested in our graphs
and charts; indeed, he will probably view them with sus-
picion. But tell him that the average wage in a given indus-
try is $4 an hour, or that the general death-rate is but half
of what it was 100 years ago, and he will be perfectly satis-
fied. Secrist well remarks that, “every average is a sort of
fictitious substitute for the details which it replaces, service-
able when the conditions for which it stands are known, but
deceptive when they are ignored.” The seven main methods
of summarization are: (a) averages, (5) measures of dis-
persion, (c) measures of skewness, (d) coefficients of cor-
relation, (e) rates and ratios, (f) index numbers, and (2)
probable error and normal distribution.

A. AVERAGES

1. The arithmetic mean, commonly called the average, is
the most popularly used method of summarization. By the
term is usually meant the most commonly observed quality
or characteristic. When we say, for instance, that the aver-
age age of students on a given campus seems to be 18 years,
we mean that students of that age are most commonly ob-
served or encountered, but this most frequently observed
or commonest characteristic in reality represents not the so-
called average but the mode, which is obtained by quite a
different mathematical process. The method of determining
the arithmetic mean is simple and familiar to every one. It is
merely that of adding up all of the items in a given distri-
bution and dividing the total by the number of cases. This
does not of necessity give us the size of the most frequently
occurring item. If, for instance, we total the following
five series and divide by the number of cases, which is the
same for each, we will arrive at an identical arithmetic mean
for each in spite of the fact that the series are widely dif-
ferent in nature and in the case of the third, fourth, and
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TaBLE 16

SAMPLE DIsTRIBUTION OF NUMERICAL DATA FOR THE
ESTIMATION OF THE ARITHMETIC MEAN

A B C D E
10 51 42 35 15
20 51 42 35 20
30 53 44 35 35
40 53 44 36 35
50 55 44 36 36
60 55 44 36 36
70 57 45 37 36
8o 57 45 100 37
90 59 100 100 100
100 59 100 100 200
Total 550 550 550 550 550

The total in each case is 550. This, divided by 10, which is the number
of cases in each instance, gives a common arithmetic mean of 55 for each.
fifth the mean does not represent the most commonly re-
curring item. This weakness of the arithmetic mean is well
illustrated by the per capita concept. The per capita wealth
in an industrial center may well be from two to five thou-
sand dollars, but this tells little of the actual condition
existing in the community, when we know that the commu-
nity is made up of a great mass of poorly paid laborers and
a few of the millionaire owners of the means of production.
The advantages of the arithmetic mean are, in the main,
that its computation is simple, and is well understood by
the general public and that, for certain statistical purposes,
we desire to give full weight to extreme items. It takes into
consideration all sizes and gives weight to extreme varia-
tions without regard to distribution. It can be determined
without knowledge regarding the individual items if the
total and number of cases are known. Its main disadvan-
tage lies in its popularity and in its careless use, not taking
into consideration the fact that it does not represent the
most common or frequently recurring item. The computa-
tion of the arithmetic mean may be reduced to the formula
given at the top of the opposite page.
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-
4=="
n
A =The arithmetic mean
m=The size of the individual item
n="The total number of items
2 =The sum of

The formula may be interpreted as follows: the arith-
metic mean equals the sum of the individual items or the
total divided by the number of items. The Greek letter
Sigma (Z), which appears in the formula, is the sign of
summation which is usually used by mathematicians.

TABLE 17

SAMPLE DISTRIBUTION FOR THE ESTIMATION OF THE ARITHMETIC
MEAN FROM A FREQUENCY TABLE

Simp! id- P-oduct of
Class Frelqnllxgrfcy Mldcl;:;:t of Fi rle\g?:iexl}:;); %nd

-rolin!

0.0- 4.9 I 2.5 2.5
5.0- 9.9 3 7-5 22.5
10.0-14.9 5 12.5 62.5
15.0-19.9 7 17. 122.5
20.0-24.9 5 22.5 112.5
25.0-29.9 3 27.5 82.5
30.0-34.9 1 32.5 32.5
Total 25 437-5

Dividing 437.5 by 25 we discover the arithmetic mean, as estimated from
the table, to be 17.5. But from the actual items on which this table is
based (page 116) we find the true total to be 423 and the true arithmetic
mean to be 16.9.

The arithmetic mean, when based on a frequency distri-
bution, is really an average of averages. We assume that
the mid-point of the class will adequately represent the
items of that class, but this is not necessarily the case. In
the second (5.0-9.9) class, for example, we have three items
or a frequency of three. We assume that the mid-point of
the class, 7.5, is representative, but the actual items prove to
be s, 5, and 9, the average of which is 6.3, or more than one
unit less.
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The arithmetic mean, thus obtained by this process, usu-
ally approximates fairly closely the true arithmetic mean;
its use, however, is justified only when its limitations are
recognized.

2. The mode is the real concept which the “Mr. Average
Man” has in mind when he speaks of the average. The
mode is the most frequently recurring item or the most com-
monly observed size or characteristic. In the industrial
center referred to on page 114 there will be a wide amount of
difference between the arithmetic mean, which would include
extremes of wealth and poverty, and the mode, which would
ignore them entirely and indicate only the prosperity of the
mass of the population. It would be well if the idea of the
mode could be popularized, as it is in reality the most logical
method of indicating the characteristics of a group. It

TABLE 18 should, in fact, take the place of the arith-
SampLe Distaipy. M€tic mean, commonly called the average
mioN oF UntaBu- for general purposes. The main difficulty

LATED ITENS is that it is not so easily derived. In

4 order to determine it, it is necessary to
g know the size of each item and to arrange
2 them in the form of a frequency table
It which will at once show where the massing
:; of data or of items occurs.
13 The items listed in Table 18 might
15 easily be added, divided by the total num-
17 ber, which is 25, and at once give us an
;; average. This distribution, however,
18 gives little indication as it stands as to
9 where the mode lies. There is no par-
21 ticular evidence of concentration in its
:; present form. Bringing these items to-
24 gether into the form of a frequency table
g; with a class interval of 5, we get the fre-
29 quency distribution which falls under “4”
743?; in Table 19. It will be noted now that

the largest number of items are included
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within the limits of the fourth (1 5.0-19.9) class. Therefore,
we know that the modal group is from 1 5 and 20 in size.
Passing to distribution “B” we find the point of concen-
tration to be between 10 and 15 and in distribution “C”
to be between 15 and 25. Thus at a glance a statistical
table shows us the point or points of concentration between
the limits of which the mode lies in case a definite mode be
present at all. It is often desirable, however, for us to
know exactly what point, between these limits, may be
considered as the modal point. For this purpose a formula,
the theory of which we shall not attempt to discuss, has been
evolved by the mathematician and which we can easily use
for this purpose. This is called the method of interpolation.

TABLE 19
SAMPLE DISTRIBUTION FOR THE ESTIMATION OF THr: MODE
FREQUENCY DISTRIBUTIONS
Crass .
A B C
0.0~ 4.9 I 2 I
5.0- 9.9 3 S 2
10.0-14.9 5 7 3
15.0~19.9 7 4 4
20.0-24.9 5 3 7
25.0-29.9 3 2z )
30.0-34.9 I 1 2
Cfs
Mo=L++—
Sfitfe
Mo=Mode

L =The lower limit of the modal class

C =The class interval .

fi =The frequency of class next preceding the modal class
f:  =The frequency of the class next following the modal class

A glance at frequency distribution “4” will demonstrate
the fact that, since the frequencies are equally balanced on
either side of the modal class, the mode must of necessity
fall in the exact middle of the modal class, or at point 17.5.

Applying the formula to distribution “A” we obtain the
following results:
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5X5
5+5

Applying the formula to distribution “B” where there is
no such balancing, we obtain the following results:

Io+;_>;4— 10+——— 104-2.22=12.22=Mode

1542 —15+§-§=[5+2.5=17.5=M0de

Another method of locatlng the mode can be demonstrated
by turning to Charts 18a, 180, 18¢, and 184d. A glance at
Table 15, on which these charts are based, will show that for
the distribution which is based on the size of families the
modal class is very definitely located at families of s, with a
frequency of 116, which is markedly larger than the fre-
quencies on either side. The distribution based on the in-
come of these families, however, presents a more compli-
cated problem. Here we have two points of concentration,
one of 89 and the other of 91, so close in size that we would
scarcely be justified in choosing the slightly larger one as in-
dicating the modal class. Turning now to Charts 185 and
18¢, it will be noticed that the highest point of rise in the
graph corresponds to this point of concentration in the table.
In order to discover the actual mode, provided, of course,
that the chart has been carefully enough drawn, it is nec-
essary only to drop a perpendicular from the point of the
highest rise on the chart to the base line below and read the
size of the mode at the point of intersection. Turning to
Chart 184 it will be noticed that it would be illogical to drop
a perpendicular from the point of highest rise on the un-
smoothed straight-line graph, but from the smoothed curve
it is easily done and we would obtain a reading of a bit over
75 as the modal income of these 403 North China families.
If we were using the method of interpolation in the data
represented by Chart 184, it would be a good plan to com-
bine the frequency classes into class intervals of 10 instead
of class intervals of 5. This would result in combining the
two first classes which have frequencies of 2 and 24 into
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one class of 26, and the next classes of 89 and g1 into a new
modal class of 180 and the following two classes of 54 and
49 into one new class of 103. The result thus obtained by
interpolation would more adequately represent the series
than would be found by using 91 as the modal class and 89
as the preceding and 54 as the following frequencies.

The column of items on page 116, arranged in order ac-
cording to size but not grouped into frequency classes, does
not show a definite point of concentration which would ade-
quately indicate the mode. Tabulating them with class in-
tervals of two, three, or four fails to produce the desired
result, but upon using a class interval of five a modal class
definitely appears. The statistician will often be compelled
to experiment with different groupings and different class
intervals before he discovers the one which shows the mode
to the best advantage. The primary value of the mode lies
in the fact that it really represents what we are usually talk-
ing about when we use the word “average.” It is based on
frequencies rather than on individual sizes and does not take
into account the extremes which are so apt to distort the size
of the arithmetic mean. It is not a hypothetical value but
rather that point at which most of the instances occur. It
is characteristic, it is typical, and it is representative.

3. The median. The median is a third type of average.
It is merely the size of the central or middle item in a given
series. It does not seem at first thought as though this par-
ticular item would be as representative of the whole as are
either the arithmetic mean or the mode, and yet we usually
find it true that the median fairly closely approximates both
of the others. The median is in reality a partition measure
as are also the quartiles and the deciles, which will be dis-
cussed later. There are three methods of determining the
size of the median. The first and simplest method can be
used only when the entire series of items is present and in
which they are arranged in order according to size. The
middle item is ascertained by counting and its size repre-
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sents the median sought. In the items ranged on page 116,
for instance, the middle or thirteenth item happens to be 17.
The second method is that of interpolation by formula in a
frequency distribution.

TABLE 20

SAMPLE DISTRIBUTION FOR THE ESTIMATION OF THE MEDIAN

Simple Cumulative

Class Frequency Frequency
0.0~ 4.9 I 1
5.0~ 9.9 3 4
10.0-14.9 5 9
15.0~19.9 7 16
20.0~24.9 5 21
25.0~29.9 3 24
30.0~-34.9 1 25

In locating the median (the size of the middle item) it
is first necessary to discover which one in numerical order
is the middle item. In a series of three items the second
item is obviously the middle one. In a series of four the
middle one is a hypothetical point midway between the sec-
ond and the third. For convenience where the number of
items is large, the following formula may be used:

n+1
2

“n” represents the total number of items. By adding one
and dividing by two we discover the numerical rank in
sequence of the median item. In Table 18, on page 116,
there is a total of 25 items. Accordingly 25 plus 1 divided
by 2 equals 13. The thirteenth item in the series is thus the
middle or the median item.

Having designated the median item our next task is to
discover the class in which it falls and its estimated size.

The location of the class within which it falls is most
easily done by making a cumulative frequency. We notice,
for instance, in Table 20 that there is a total of ¢ items
up to the end of the third class and a total of 16 items up to
the end of the fourth. Consequently, the thirteenth item
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must fall within this fourth class, the limits of which are 1 5.0
and 19.9.

The exact size of the median or thirteenth item is dis-
covered by the use of the following formula:

. C (2i—1)
M’l = L + _T

Mi=The Median

L =The lower limit of the median class
C =The class interval

f =The frequency of the median class

1 =The numerical order or rank of the median item
in the class within which it falls

The only item in the above formula which may need fur-
ther explanation is “4,” or the numerical order of the me-
dian item in the class within which it falls (the median
class). With respect to the entire series the median item is
the thirteenth item, but with respect to the class within
which it falls, which item is it? This is easily determined
by reference to the cumulative frequency. Since there are
a total of nine items in the three classes preceding the
median class which is the fourth, and since the thirteenth
item is the median item, we need only to subtract 9 from
13 to determine its rank within the median class. Thus “;”
is found to be 4 in Table 20, to which we are applying our
formula, f is 7, C is 5, and L is 15.

Interpolating the above values from Table 20 we arrive
at the following result:

1543 (2X4—1)

— _3_5.= = = 1
2%7 —15-{—14 15+42.5=17.5=Mecdian

The reader will probably have noticed, as in the case of
the use of the above frequency distribution for the determi-
nation of the mode, that the equal balancing of the fre-
quencies on either side of the middle class makes it obvious
that the median also can fall only at the exact mid-point of
the class, which is 17.5.



122 SOCIAL STATISTICS

~
i

- /

20F
\“".
.
(18) &%
¥

FREGuENCIES

T
B ST
>

5
o

X

5 JG 1 20 25 3 35
MagmiTuoes (POINTS PLOTTED AT uPPER LiNITS)

Ve

\

|
E

Chart 23: Cumulative frequency graph based on sample distribution for
the purpose of locating the median.

The third method is location by means of a cumulative
frequency graph and is illustrated by the above chart.

The median on the cumulative frequency graph is found
by first locating the mid-point of the frequency distribution
on the vertical axis. From this point project a line parallel
to the base line till it meets the smoothed curve. From this
second point drop a perpendicular to the base line and read
the magnitude of the median directly from the scale. In
this case the vertical axis locates the rank of the median and
the base line or the horizontal axis its size.

Note that in this cumulative frequency graph the points
are located at the upper limit of each class instead of at the
mid-point.

In conclusion, it may be noted that the arithmetic mean
takes into account to the largest extent the extremes of
variation present in the distribution. The median gives
them less emphasis due to the fact that merely their pres-



NUMERICAL SUMMARIZATION 123

ence is taken into consideration and not their size; while the
mode pays no attention to them whatsoever. In the case of
an absolutely symmetrical or normal frequency distribution,
balanced equally on either side—as in the case of the sample
data, which we are using—the arithmetic mean, the median,
and the mode will fall at exactly the same point. But, in
case the distribution is not normal or symmetrical, being
more heavily weighted on one side of the middle item than
on the other, we will find the three items separated. First
in order of size will occur the mode which, as we have said,
pays no attention to the extremes of variation; second in
size, either larger or smaller, will occur the median; and
third, the arithmetic mean, which takes into largest account
the extremes of variation.

THE WEIGHTED AVERAGE

A weighted average is one in which the elements compos-
ing it are given different values or numerical weizhts. For
instance, a student in a given semester for five different
courses may receive the following grades: 70, 8o, 8s, 85,
and 95. The simple average for this group would be 83, but
when we take into consideration that the first course was a
2-hour or credit course, the second a 3-hour, the third a
3-hour, the fourth a 3-hour, and the fifth a 5-hour course, we
realize that the simple average of 83 does not really repre-
sent the group. We must then multiply each of the grades
by the number of hours represented by the course. 'This
gives us the following values: 140, 240, 255, 255, 475. The
total number of hours represented by the courses is 16 and
the total of the weighted grades is 1,365. Dividing this by
16 we get 85.3 as the weighted average of grades which the
student has made during the semester. Similarly in the cost
of living studies, where everything from the price of eggs to
the price of automobiles is included and averaged together,
it is necessary to weight each price on the basis of the total
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amount of consumption per year. Thus, while the price of
eggs may average 40 cents per dozen, we must multiply this
40 cents by the estimated number of dozens which will be
used by the average family, and likewise with other com-
modities.

The frequency table represents in a way the weighted
average principle, and the process of deriving an average
from. a table is similar to the process of weighting the
grades; the mid-point of the group representing the size or
magnitude of an item and the frequency representing the
weight which must be used.



VIII

NUMERICAL SUMMARIZATION
(Continued)

Measures of dispersion: the range; average deviation; quartile deviation;
and standard deviation. Coefficients of deviation. The measure of skew-
ness. Coefficients of correlation. Rates. Index numbers. Probable error.

B. MEASURES OF DISPERSION

MEeAasURES of dispersion exist for the purpose of indicat-
ing either uniformity or its lack within a given group. The
averages which we have just considered give us only a par-
tial summarization of the group, while the numerical mea-
sure of dispersion helps to complete it. We are told that a
certain king’s guard was composed only of men who were 6
feet tall. This condition represents a high degree of uni-
formity or a very small amount of dispersion. If, on the
other hand, we were to record the heights of the first hun-
dred people that we passed on the street, our items would
include everything from the height of the tiny tot to that
of the adult who comes in “over size.” Here, then, would
be a marked lack of uniformity or a high degree of disper-
sion. In measuring social data it is as highly important that
we should possess indications of uniformity as of average.

The range. The first indication of the amount of dis-
persion lies in the “range.” Having assembled our items in
order according to size, we note the difference between the
sizes of the smallest and the largest items. In the king’s
guard above referred to, the shortest man may have been §
feet and 11 inches and the tallest man 6 feet and 1 inch in
height. The total range of dispersion thus estimated would
be but 2 inches. In the case of the hundred people whose

125
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heights we recorded, however, the smallest may have been
a babe in arms of but 18 inches and the tallest a man 6 feet
and 6 inches in height. In this case we notice a range of
difference of 5 feet. We need, however, a finer method of
measurement than this. It is found in average, standard,
and quartile deviations.

Average deviation. The computation of the average de-
viation is very similar to that of the computation of the
simple arithmetic mean and may be estimated on the basis
of any average, though the median is most commonly used.
The method of ascertaining the average amount of devia-
tion within a series of items is first to find the difference be-
tween each item and the average used. Some of the devia-
tions may be positive and some of them may be negative,
but we are interested only in the fact that they are devia-
tions and not in their direction. Next the deviations are
added up and divided by the number of items. This is the
average amount by which each of the items deviates from
the average used. The computation of the average amount
of deviation from a frequency table is slightly more com-
plicated and is explained in Table 21.

TaBLE 21

SAMPLE DISTRIBUTION FOR THE ESTIMATION OF THE AVERAGE
AMOUNT oF DEvIATION FROM THE MEDIAN (17.5)

- lf)eviatilon Dgrviation
i i freque rom the 1ne:
Class h(l)lfdéﬁ?::t requency I\'?Cdia:'l Freqll:le:cy
A B Ax B
0.0~ 4.9 2.5 1 I5 I5
5.0- 9.9 7.5 3 10 30
10.0-14.9 12.5 5 5 25
15.0-19.9 17.5 7 o o
20.0-24.9 22.5 5 5 25
25.0-29.9 27.5 3 10 30
30.0-34.9 32.5 I 15 15
Totals 25 140




NUMERICAL SUMMARIZATION 127

Dividing 140 by 25 we get 5.6, which is the average
amount by which each of the 25 items above represented
deviates from the median. In the above illustration, since
the three averages fall at the same point, it also represents
deviation from the mode and the arithmetic mean.

The above process can be expressed in the following
formula:

The average amount of deviation = %d— in which 3 =

the sum of, d = the amount of the deviation of each item
from the average used, and #» = the number of items.

An amount of deviation, however, is not useful for com-
parative purposes. The average amount of deviation be-
tween students in the matter of grades would have to fall
between the possible limits of the range, or o and r00, while
the average amount of deviation with respect to their
fathers’ incomes would be represented by a very much larger
amount. Obviously, these two average amounts of devia-
tion would not readily lend themselves to comparative pur-
poses and it is necessary for us to find another method by
means of which these average amounts of deviation can be
reduced to comparable terms. This is found in the coeffi-
cient of average deviation and is very simply computed by
dividing the average amount of deviation by the average
used. In Table 21, for example, the average amount of
deviation is 5.6 and the median from which it was estimated
is 17.5. Dividing 5.6 by 17.5 we get .32 as the coefficient of
average deviation from the median. In the case of the
grades and the paternal incomes above referred to, we can
easily imagine, within a sample of a hundred cases, the aver-
age grade to have been 80 and the average amount of devia-
tion to have been 8. In the case of the incomes, an average
income of $5,000, with an average amount of deviation of
$1,000, would be entirely possible. Now, average amounts
of deviation of 8 and 1,000 cannot be compared, but by
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Chart 24: Three frequency distributions having the same arithmetic mean,
mode, and median (17.5) but showing widely different dispersion.

reducing each to a coefficient, by dividing by the average
used, we obtain results which are comparable. The result-
ing coefficients are .10 for the grades and .20 for the in-
comes, indicating that the average deviation for the latter is
twice that of the former.

Since it is difficult for the average amount of deviation to
be larger than the average itself, the coefficient of average
deviation will usually be less than one unit in size.

Quartile deviation. Quartile deviation constitutes an in-
teresting departure from the above method. Instead of find-
ing the deviation of all items from the average used, in
quartile deviation but two items of the entire series are em-
ployed. These two items, being the one which is one-
quarter of the way up and the one which is three-quarters
of the way up, are treated as though two items constituted
an entire series. We noticed in our discussion of the mean

that the formula, ’% locates the position of the median



NUMERICAL SUMMARIZATION 129

or the middle item. Similarly, the formula, ?*! will
4

locate the first quartile (Q:) and the formula 3n+1) the

third quartile (Q;). The median is also the seco‘:fld quar-
tile. Thus in the sample distribution which we have been
using and which contains 25 items, the first quartile lies
at 6.5 and the third quartile at 19.5. Having located
these two items it is now possible through the use of the
same formula which was used in the case of the median,

C(2i—1)

<L+ 2f >

to discover their size. This is the method of interpolation.
This size, in the case of the first quartile, will be found to be
12 and the third quartile to be 23.

We now proceed as if we had a distribution composed of
but two items. Naturally, the total amount of deviation is
the total amount of difference between the two items, or 11.
Dividing this by 2, since there are but two cases, we arrive
at 5.5 as the quartile amount of deviation. In order to ob-
tain a coefficient of quartile deviation, it is necessary for us
now to divide this quartile amount of deviation by an aver-
age. Since there are but two items, 12 and 23, we will add
them together, getting 35, and divide this by 2, or the num-
ber of cases, getting 17.5 as the result. We are now in a
position to divide the quartile amount of deviation, which
is 5.5, by our quartile average, which is 17.5, arriving at .32
as a result. This represents our quartile coefficient of devia-
tion. It will be noticed that, by the two methods (average
deviation and quartile deviation) we have secured an
identical result. This is due to the fact that we are dealing
with a normal or equally balanced distribution. In the
case of an unbalanced distribution the results would not
necessarily be the same, but they would be very similar.

Following is the detailed mathematical process by means
of which the above results were obtained:
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Numerical rank or location of the two quartiles:

Q __7_1_1-_1 =25_+_3 =6.5
_3(n+1) _3(25+1) _
Qs= 2 a =19.5

Applying the formula which was used for the determina-
tion of the size of the median:

C(zzf I) O1=12 and Q3 =23
Quartile Amount of Deviation—Q — O %—;ﬁ 5.5
Quartile Average = Ql%oa = I—%Z—s =17.5
Quartile Coefficient of Deviation =
Qs—Oh

2 _0s—01 23—12 M.,
QI+O’9 QI+Q3 12423 35 =3
2
Standard deviation. Another type of deviation is known
as the “Standard Deviation.” The process of computation
is similar except for the fact that each deviation is squared,
and, after the sum of the squared deviations has been
divided by the number of cases, the square root of the result
is extracted. The effect of thls squarmg process is to give
greater weight to extreme variations. It is used in the com-
putation of the Pearsonian coefficient of correlation and of

probable error. It may be mathematically expressed by
means of the following formula:

. . >dz?
¢ or Amount of Standard Deviation = \l ~

The standard deviation, unlike the average deviation, usu-
ally is computed only from the arithmetic mean. The coefﬁ-
cient of standard deviation is obtained in the same manner
by dividing the amount of standard deviation by the aver-
age used.
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TABLE 22

SaAMPLE DiSTRIBUTION FOR THE COMPUTATION OF THE
StaNDARD DEVIATION
Arithmetic Mean—17.5

Deviation Squared
Mid-Point from Deviation Deviation
of Class Frequency Arithmetic Squared Times
Class Mean Frequency
A B C D
0.0— 4.4 2.5 I —15 225 225
5.0- 9.9 7.5 3 —1I0 100 300
10.0-14.9 12.5 5 -5 25 125
15.0-19.9 7.5 7 0 o o
20.0-24.9 22.5 5 + 5 25 125
25.0-29.9 27.5 3 +10 100 300
30.0-34.9 32.5 1 +15 22 225
Total b)) 25 1300
sd? 1300
oor SD = = [ = 50. = 7.07 = 7.1
n 25

Dividing 7.1, or the standard deviation, by 17.5, or the
average from which it was computed, we obtain .40, which
is the coefficient of standard deviation. Note that the aver-
age deviation for the same series was but .32. The differ-
ence is the result of squaring.

C. THE MEASURE OF SKEWNESS

The coefficient of skewness is a method of measuring
asymmetry. A frequency distribution may have a wide
range of dispersion and still retain absolute symmetry. Be-
ing graphed, it might show a normal curve equally balanced
on either side but wide and with a tendency toward flat-
ness. A skewed curve or unbalanced distribution, on the
other hand, represents one in which the modal class lies to
one side or the other of the mid-point of the range. It is a
leaning curve. On the one side the rise will be gradual
while on the other it will be more abrupt. Coefficients of
skewness measure this asymmetry of distribution. As has
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already been pointed out, the arithmetic mean, mode, and
median in symmetrical graphs are located at the same point
on the base line of a frequency graph, but as the graph be-
comes skewed they separate, the average due to the influence
of extreme items moving either to the right or to the left,
and the median, due to a lesser influence of these items,
moving approximately two-thirds as far as the average
moves. Thus the median will always be located between
the mode and the arithmetic mean. Based on this fact the
following formula has been evolved for the measurement
of the coefficient of skewness (Chart 25).

The Arithmetic Mean—The Mode

The Coeflicient of Skewness=The Average Deviation from the Mode

D. THE CoEFFICIENT OF CORRELATION

The object of coefficients of correlation is to discover and
to give numerical value to the relationships which exist be-
tween paired variables. It is easily observed that there is a
definite relationship between height and weight, between
the ages of husbands and wives, between the standard of
living and the income. Of the various methods of showing
this relationship we will here mention only the Pearsonian
coefficient of correlation. Here we are dealing with paired
items, such as the age of husband and wife, or the rela-
tionship between height and weight in the individual.
Chronologically considered, we might compare birth-rates
and death-rates by years or other periods of time. Between
series of paired items correlation may be direct or inverse.
Correlation is said to be direct when both series vary in the
same direction. An example of this is the relationship be-
tween the ages of husband and wife. Wages also will tend to
show a direct correlation to the cost of living, though lagging
slightly behind in their movements. Correlation is said to
be indirect or inverse when an increase in one is accom-
panied by a decrease in the other. This is illustrated by the
relationship between supply and price. Other things being
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equal, when supply is large, price is low, and vice-versa.
Correlation also varies as to degree. In comparing the
average price of wheat and the morbidity rate, for instance,
we would not expect to find a high degree of correlation.
Sometimes, however, a high degree of either direct or in-
verse correlation is observed where no reason for the same
is present. The statistician must be careful not to draw
sweeping conclusions from merely accidental correlations
which may appear. We might easily discover, for instance,
a high degree of correlation between the movie attendance
and age at marriage, but this does not prove that a causal
relation exists.

The following formula measures both the direction and
the degree of correlation existing between series of paired
items:

THE PEARSONIAN COEFFICIENT OF CORRELATIONS
2 (X XX5)
nXSD1XSD2
Z =The sum of
X1=The deviation from the average of the item in
the first series
X>;=The deviation from the average of the corre-
sponding item in the second series
n =The number of paired items
SD,=The standard deviation of the first series
SD;=The standard deviation of the second series

The above formula might be read as follows: The sum
of the products of the deviations of the paired items from
the average used, divided by the number of items times the
standard deviation of the first series, times the standard
deviation of the second series.

It will be noticed from the above distributions that when
series “4” and “B” (Table 23) are compared, a direct cor-
relation is observed; that is, as “4” increases in size, “B”
increases in size in direct ratio. Comparing “4” and “C” or
“B” and “C,” on the other hand, we observe a definite indi-
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TABLE 23

SAMPLE PAIRED SERIES FOR THE COMPUTATION OF THE
PEARSONIAN COEFFICIENT OF CORRELATION

A B C

2 3 10

4 5 8

6 7 6

8 9 4

10 i1 2

Arith. Mean 6 7 6

rect correlation. As the one increases in size, the other
decreases. These hypothetical series have been purposely
chosen to show perfect direct or perfect inverse correlation.
Applying the above formula by the following methcd, let us
observe what happens (Table 24).

TABLE 24

SHOWING THE COMPUTATION OF THE PEARSONIAN
COEFFICIENT OF CORRELATION

FIrsT SERIES (A) SECOND SERIES (B)
Xi1x X2
Item X1 X\ Item X, Xa2?

1 2 3 4 5 6 7

2 —4 16 3 -4 16 16

4 —2 4 S -2 4 4
6 o o 7 o [}] o

8 2 4 9 2 4 4
10 4 16 11 4 16 16
Total (Z) 40 40 40

In columns 1 and 4 we have the paired items. In col-
umns 2 and 5 we have the deviations of the respective items
from their arithmetic means. In column 7 we have the
product of these paired deviations. The sum of these prod-
ucts gives us the numerator of our formula.

The number of paired items is 5. In columns 3 and 6 we
have the squares of the deviations from the arithmetic mean.
This is for the purpose of estimating the standard devia-
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tion (SD) which is the square root of the sum of the squares
of the deviations divided by the number of items. This

process gives us the data for the denominator of our
formula:

2 (XiXX,) 40 40 40

nXSD,XSD; = 5% ;‘EX\/{(}=5X2.83X2.83=4_0=+1
S S

In the above Pearsonian coefficient of correlation +1
represents perfect and direct correlation, while —1 would
represent perfect and inverse correlation. If a coefficient
of less than .30 is obtained, we may conclude that correla-
tion is present in such a small amount as to lack statistical
significance. If the amount of correlation is . 50 or more,
we may consider it marked.

A most excellent study of correlation in the field of social
data is that of Miss Thomas in her book, Tke Social Aspects
of the Business Cycle. Here she attempts a correlation be-
tween the business cycle, on the one hand, and marriage,
divorce, prostitution, birth, death, pauperism, alcoholism,
crime, and emigration rates on the other. In one chart,
for example, representing a period of time extending from
1854 to 1913, she presents three graphs representing the
business cycle, the marriage rate, and the divorce rate for
the various years of this period. A glance at the chart rep-
resenting the divorce rate shows little or no similarity at all
to the other two which do show marked resemblance. Re-
ducing these to coefficients of correlation, she discovers be-
tween the business cycle and the marriage rate a coefficient
of correlation of .67 and between the divorce rate and
the business cycle a coefficient of correlation of +.02. These
coefficients would indicate, in the case of the marriage rate,
a high degree of direct correlation, and in the divorce rate a
negligible amount. We might expect, then, that the sociolo-
gists would be warned to look for the reasons for, or the
causes of, this relationship in one case, and the lack of it in
the other. This she does most effectively in her study.
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E. RATEs AND RaTIOS

To be told that in the year 1900 in the state of Massa-
chusetts there were 51,156 deaths and in 1910 there were
54,407 gives us little information until we take into consid-
eration the change in size of the population during this
period. While we have an absolute increase in the number
of deaths, we also discover an increase in the size of the
population. Reducing these two figures to rates, we find
that the death-rate in 1900 was 18.2, whereas in 1910 it had
materially reduced to 16.1.

The rate is merely a ratio between two numbers; some-
times a variable and a constant, and sometimes two vari-
ables. The variable is represented by the data in hand and
the constant, or second variable, by the base chosen. It is
a fraction. A per cent, or a decimal fraction, is merely a
per one hundred ratio. The denominator or base of a statis-
tical rate, however, may be any magnitude from one on. The
per one hundred rate is merely the most commonly used.

The rate is of particular importance to the student of
society, especially in the study of social change and national
vitality. It is a numerical measure used for comparative
purposes where a common base is possible. It is the simple
process of giving fractions a common denominator.

Per capita rates. The simplest rate is the per capita
rate. For instance, on January 1, 1919, there were approxi-
mately 12,000,000 telephones in use in the United States, or,
roughly, 1 telephone to each 10 persons, which would be
more exactly a per capita rate of .11. Various per capita
rates are in use, such as per capita wealth, per capita con-
sumption, per capita production, and so forth. This type of
rate, then, is a rate based on unity. It is a per one rate.

Magnified rates. The death-rate above referred to for
Massachusetts in 19oo on a per capita basis would be .0182.
Since, manifestly, this rate results in numbers too small for
practical purposes, we have found the general practice of
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basing this rate on the per thousand basis more satisfactory.
Rates may be on the bases of 1, 10, 100, 1,000, 10,000, or
even 1,000,000 Or 1,000,000,000. Population is not the only
term, however, in which rates are expressed. Area, distance,
time, and units are also used. For instance, in terms of
automobiles we might speak of cars per square mile, gallons
per 100 miles, miles per minute, and miles per gallon. The
number of bases of this sort is unlimited.

Refined rates. The rates preceding are what may be
called simple or crude rates. A rate is refined by doubling
or by limiting the base, making it representative of a por-
tion rather than the whole. A crude birth-rate would be
births in relation to the total population. A refined birth-
rate would be births in relation to the number of adult
married women of child-bearing age. Death-rates may be
refined by taking into consideration the composition as well
as the size of the population. Since the death-rate varies
with the age composition of the group, we would expect a
higher rate to obtain in a population in which the young and
old predominate than in a population composed, predomi-
nantly, of those in the prime of life. It was once demon-
strated through the columns of a newspaper that it was
healthier to go to war than to live in New York City. The
basis of this statement was the fact that the death-rate
among soldiers in the Spanish-American War was actually
smaller than the normal death-rate in the city. This con-
dition, obviously, would not have obtained if children and
old folks had been included among the soldiers. An illus-
tration of refinement by doubling the base would be the use
of the ton-mile and the car-day bases.

Vital rates. The number and variety of rates which
may be used by the sociologist is great. He has at his dis-
posal many varieties of criminology rates, illiteracy rates,
church attendant rates, and delinquency rates. Most im-
portant, perhaps, are those which have to do with the in-
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crease and decrease of population, or vitality rates. The
first of these is the rate of population increase, which may
be on the basis of increase per year, increase per decade, or
any other time element. This increase is often stated in
terms of unity, but is more comparable as a per cent per
year of increase. General crude death-rates, birth-rates, and
marriage rates, are usually on the basis of one thousand per
year. The accuracy of these vital rates depends upon the
accuracy with which vital facts are reported to the govern-
ment. Census reporters are capable of carelessness and
doctors are capable of negligence in the matters of reporting
births, deaths, diseases, and so forth. Not all of the states
of the union are even in the birth and death compulsory
registration area. In a recent study, made by the writer
of some 25,000 birth certificates, covering a period of three
months in a midwestern state, which is in the compulsory
registration area, it was discovered that some counties in
the state made the unenviable record of as high as 60% of
inaccuracy or incompleteness in the birth certificates re-
turned by doctors.

Again, certain localities in California, Florida, and Colo-
rado might show exceptionally high death-rates due, not to
the fact of an unhealthy climate or of unsanitary living con-
ditions, but to the very favorableness of the environment of
these communities which attracts the aged and the ailing
who have come there either to regain health or to die. A
corrected rate is therefore a rate which takes into considera-
tion only bona-fide residents and not transients. The com-
monly used crude birth-rate is of less value than the more
refined fecundity rate which divides births into legitimate,
illegitimate, and still births, and divides the base into women
of child-bearing age and married women of child-bearing
age. The marriage rate and the wedding rate must be dif-
ferentiated. The wedding rate will be but one-half of the
marriage rate. Similarly, we would have to distinguish be-
tween the divorce rate and the broken family rate. Death-
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rates may be made more specific by being related to age,
group, sex, or cause of death. Modern insurance has been
made possible because of the specific death-rates which have
been worked out for each of the age periods of life. The
death-rate graph, interestingly enough, represents the form
of a U, high in infancy, lower during the middle period of
life, and high again as old age approaches. The most useful
death-rate is what may be called the adjusted death-rate, in
which age adjustment is made for the composition of the
population. For instance, the crude death-rate for the
United States in 1900 was 1%.55, but when the population
had been adjusted on the basis of a hypothetically normal
population, the death-rate was found to be 18.05, or .50
higher. This is probably due to the fact that our population
was growing at that time, not only through genetic increase
but through the influx of immigrants from Europe who
were in the prime of life. Adjustment may also be made for
race, occupation, and climate, but this is such a complicated
and difficult process that only the bare beginning has been
made in the standardization of the adjusted death-rate
method. A morbidity rate is a sickness rate, and may be
either general or specific. In the latter case, the basis is the
particular disease from which individuals may suffer. The
international list of the causes of sickness and death, of
1920, included more than 200 items. The death-rate of in-
fants is the same as the specific death-rate of all individuals
under one year of age. It is expressed in terms of per thou-
sand of the total population. The infant mortality rate,
however, is generally understood as being the relationship
between the infant deaths per year and the number of births
during the same year.

Finally we may mention increase rates; a general increase
rate would include both births and accretions from the out-
side in the form of immigration. A natural or genetic in-
crease rate, however, would show the relationship between
births and deaths. This is sometimes called “excess” rate,
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since it demonstrates the growth of the population by means
of the excess of births over deaths. In the brief space of
this study it is impossible to canvass the wide range of vital
rates which are of interest and use to the sociologist. The
foregoing, however, will serve to orient the field. For the
most nearly complete presentation which has yet been made
the reader is referred to Whipple’s Vital Statistics.

Rates have been widely and effectively used in the field
of social statistics. They are to the student of population
movements what index numbers are to the economist. One
word of warning must be given, however. Rates must not
be used for comparative purposes unless their respective
bases are really comparable.

F. INDEx NUMBERS

An index number is a percentage comparison of chrono-
logical variables by means of a common chronologically de-
termined base. Rates are easily converted into index num-
bers but, unaltered, serve much the same purpose. They
have been more widely used by the economist than by the
sociologist. If we wish to study fluctuation in the prices of
wheat, we must, first of all, collect the prices or the average
prices of wheat for consecutive periods of time. The begin-
ning of the period, sometimes the end, or some period be-
tween, which is for some reason strategical, is used for the
base. For instance, the most common basis in recent studies
is 1913. The reason for choosing 1913 is that it is the last
year of normal economic conditions preceding the war.
Having chosen the base year or the base period, the price of
the commodity studied—wheat in this case—is taken as
100%, and prices in other years are designated in terms of
this base or 100% year. If, for instance, the price of wheat
in 1913 had happened to be 50 cents and the following year
$1 per bushel, their respective index numbers would be 100
and 200. The object of index numbers is to make series of
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variables comparable in spite of differences in magnitude. In
standard of living studies index numbers have been made of
the fluctuations in the prices of the various, most representa-
tive articles of consumption. These are averaged together
to produce a new index number representing the fluctuation
of the whole, and this index of indexes gives a fairly satis-
factory picture of the general movement of the whole. One
reason why the sociologist has not made more use of index
numbers is because of the wide use which he has made of
rates. There is no reason, however, why we should not have
indexes of social change as well as indexes of cost and price.
Another index of a different nature is what Dr. Raymond
Pearl] has called the Vital Index. This is merely the ratio
between births and deaths on the one hundred basis. If the
index is exactly 100, the population is standing still; if it is
larger than 100, it is growing; or if it is smaller than 100,
it is decreasing in size. One probable factor in the situa-
tion which led to the recent immigration legislation was the
realization of the fact that the vital index for whites of
native parentage was less than one-half of that of whites
whose parents were foreign born.

G. ProBABLE ERROR AND NORMAL DISTRIBUTION

Since samples at best but imperfectly represent uni-
verses, mathematicians have devised methods for the mea-
surement of the probable error which is present in computa-
tions which are made on the basis of samples. But in the
first place “errors must not be confused with blunders or
mistakes. The latter arise from carelessness or incom-
petency in transcribing figures or reading values from a
scale. The only remedy for these imperfections is the exer-
cise of great care in the observation and handling of figures,
and the use of checking devices. . . . There is no such
thing as absolutely exact measurement. . . . Further-
more, measurements of the same object repeated with the
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greatest care will not yield the same results.” An error,
then, “is the difference between the observed value and the
most probable value. Therefore, error means a deviation,
not a mistake.”!

A measure of error is a measure of the amount of depar-
ture from the normally expected frequency distribution.
This normally expected frequency distribution has been va-
riously called “The Normal Frequency Curve,” “The Proba-
bility Curve,” and “The Normal Curve of Error.” Itis a
symmetrical, bell-shaped curve, the points on either side of
which exactly correspond. Every frequency distribution
represents either a straight line or a curve. In case each
frequency class contains exactly the same number of items
its graph will be a straight line which runs parallel to the
horizontal axis or the base. If, on the other hand, the first
and lowest class starts with a small frequency or a small
number of items and each succeeding class is represented
by a regularly increasing number of items, the resulting
graph will also be a straight line which proceeds from the
base line at a definite angle. Usually, however, no such
arrangement of items is present. The lower and the higher
classes are apt to contain the smaller frequencies or num-
bers of items, and the larger frequencies are apt to be
located either exactly in the middle or skewed to one side or
the other. In multi-modal data there may be more than one
definite point of frequency concentration. In frequency
distributions, however, which are based on purely chance
occurrences or on physical measurements, the normal dis-
tribution above referred to is very apt to be approximated.
In distributions of social data this symmetry of distribution
either may or may not be present. It usually is present, but
it is entirely possible that either the skewed or the multi-
modal distribution may be normal to the particular data in
hand. Care must be taken, then, not to carry too far into
the field of the treatment of social data, reasoning which is

1 Chaddock, Principles and Methods of Statistics, pp. 208-209.
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based on the assumption of a normal frequency distribution.

In any curve representing a frequency distribution the
median line divides the area included in the curve into two
equal halves and similarly divides the frequencies. In
like manner, the quartiles divide the frequencies into three
portions, 25% of them being below the first quartile, 50%
between the two quartiles, and 25% above the third quar-
tile. From this we may conclude that there is a 50-50
chance that any item in the series will fall between the
limits of the two quartile measurements. In the tossing of
coins there is a similar 50-50 chance that either heads or
tails will appear. If we toss once the chances are even that
heads will be turned; if we toss twice we may get two heads
or two tails, but the chances are that we will get one of
each. In tossing four times a three to one ratio would not be
surprising, but it would be very exceptional if we were to
obtain that ratio as the result of a thousand tosses. In other
words, the larger the number of trials or the larger the
sample the more closely may we expect the results to ap-
proximate the normal probability. A single toss of the
coin is not an isolated fact; it is related to that universe or
family which is composed of all of the possible tosses which
might be made. In like manner, the frequency distribution
based on a sample of a given variable is not an isolated
case but it is related to the universe of the variable in ques-
tion and may be expected, within certain limits, to show the
characteristics of that universe. Chaddock, for example,
records an interesting experiment. The heights of 1,000
students were taken; from these 1,000 items 100 samples of
100 each were selected at random. Next the arithmetic
mean of each of these samples was computed and it was dis-
covered that the total range exhibited a dispersion of only
1} inches, a direct indication of the representativeness of
the sample and the adequacy of its size.

It is the probable amount of this error due to the inability
of any sample exactly to represent its universe that we wish
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to measure. The concept is based upon the expectation that
a normal frequency distribution represents the universe.
The basis of most probable error formulas is the decimal
.6745 since this proportion of the standard deviation mea-
sured to the right and to the left of the central ordinate in-
cludes just one-half of the total area. The probable error
of any distribution is .6745 of the standard deviation. As

applied to the arithmetic mean it would be .6745 f/].)_

For instance, in Table 21, page 126, we present a hypo-
thetical frequency distribution. The arithmetic mean for
this distribution is found to be 17.5. The size of the sample
or the total frequency is 25. The computation of the stand-
ard deviation by the method there explained is 7.1. Apply-
ing the above formula for the measurement of the probable
error of the arithmetic mean we get the following results:

SD 7.1

6745 X === 6745 X =

N =.6745X AL 6745 X1.42

V25 5
=.957=.96, or P.E.mean==.96

This amount, .95, is the amount by which the average
found, 17.5, is in probable error. 17.5-+.95 means that this
average of a sample of 25 cases may be expected to vary
from the universe it represents within these limits. The
chances are equal that the true average lies within the
limits of 17.5—.96 or 16.54, and 17.54.96 or 18.46. Like-
wise, another sample of 25 cases from the same universe
would give an arithmetic mean which would have a “s50-50”
chance of falling between these limits.

Additional formulas for measuring the probable error of
other statistical measures are available. This one, however,
is sufficient to familiarize the reader with the term “P. E.”
and the sign + when he meets them. Ideally, the probable
error of a universe would be zero and increases in amount
as the size of the sample (and hence its adequacy) decreases.



IX

GRAPHIC AND TABULAR SUMMARIZATION

The moving average. The straight-line trend (line of least squares). Short-
time oscillation. The correlation or double-entry tablc; the scatter dia-
gram. The Lorenz curve. The ratio or logarithmic chart.

THE last two chapters have dealt with methods of char-
acterizing groups for comparative purposes by means of
numbers. The present chapter discusses methods whereby
summarization may be further accomplished by graphic and
tabular methods. Our discussion of this vast field will of
necessity be brief. As yet its application to socio-statistical
facts has been limited, but the economist has used it exten-
sively, especially in the study of business cycles and the de-
velopment of business barometers. There is little reason
why waves of public opinion and recurring periods of emo-
tionalism should not be studied in the same manner with
resulting social welfare barometers.

A. THE MoVING AVERAGE

The moving average is a refinement of the numerical
averages which we have already considered. It is a pro-
gressive average and is used only in connection with time
series to show progressive average movement. It is used to
the best advantage where a definitely recurring periodic
increase and decrease in a given variable is observed. There
is, for instance, a definite relationship existing between cer-
tain types of crime and the season of the year. Tempera-
ture and humidity seem to affect the individual proclivity
in this direction. Crime, in general, may be on the increase
or on the decrease due to quite different causes, but whether

146
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on the increase or on the decrease this periodic seasonal
fluctuation is a constant factor. Crime for a given com-
munity, plotted as a graph in the form of historical series by
months or by seasons, will show a definite wave-like move-
ment. Similarly, the domestic consumption of electricity in

50-.-
[}
[}
L}
-
' 2
L
40~
[)
[]
L}
-
’
[]
L
7 X/ )
1]
[}
R
(]
2 i
= '
O—-.
32 H x » Original Data.
' ., o * Noving Average..
: >(
1]
102 o ..
H
[}
L}
- »
[}
[}
1]
. ......................................
1900 1901 1002 1903 « 1904 ' 1905 1006 1907 © 1908
Year

Chart 26: The sample series and its moving average.

a given community will be affected by the length of the day,
more in winter and less in summer. Having plotted the
actual numerical data, by lesser divisions of a given period
of time, we first observe the average length of time which
elapses between the high points of the curve or between
the low points of the curve. In case the data are plotted by
months, we can well imagine a wave-like movement which
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TABLE 25
DETERMINATION OF THE MOVING AVERAGE
Moving Average

Year Data 3-Year Cycle
1900 5 cee
1901 15 10
1902 10 15
1903 20 21.6
1904 35 26.6
1905 25 32.6
1906 35 36.6
1907 50 42.6
1908 40

would require 1 year or 12 months to complete. The crest
of the wave might, for example, as in the case of the con-
sumption of eggs, be in the summer-time and the trough in
the winter. On the basis of a given series plotted by months
for a period of years in which the periodic movement is 12
months in length, we will derive a moving average by adding
the first 12 months together and dividing by 12. This aver-
age for the 12 months will be plotted at the mid-point of the
year. Next, the first January will be dropped off and the
second January added on, giving us a new series of 12
months which is one month in advance of the first series or
extending from February 1 to January 31. In like manner
these 12 months are averaged and the new average plotted
at the mid-point of this year, or one month in advance of
the last point plotted. Continuing in this manner, dropping
off each time the first month of the series and adding on the
next month, we will locate a series of points which will
approximately bisect the curve or graph represented by the
data of the individual months of the entire series. This
curve will show the general trend of the series without all
of the seasonal fluctuations which are present in the original
data but not entirely eliminating them.

The moving average is used primarly for the purpose of
eliminating seasonal (or monthly) fluctuations. It can also
be used to show cyclical (or yearly) trends but not to the
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same advantage since periodicity in this case is not apt to
be as regular. For example, the yearly immigration into the
United States, reduced to a moving average for a 10-year
period, very effectively shows the general trend of immigra-
tion without all of the violent fluctuations which are present
when the original data are plotted. A further refinement of
this method is, first, the reduction of the original data to
index numbers, plotting these, and from these, plotting the

moving average. Percentage series and rates may be treated
in the same manner.

B. TuE STRAIGHT-LINE TREND

While the moving average gives us a good general pic-
ture of the trend of the data concerned, it is capable of
entirely eliminating periodic variations only when these
periods of variation are of identical length. The moving
average also has the disadvantage of resulting in a curve or
graph which does not represent the entire length of the
series. In the illustration which we have used in connection
with our discussion of the moving average, the first point in
the moving average was at the mid-point of the first three-
year period or two years up from the beginning of the data.
Likewise the last point plotted is two years from the end of
the period. The moving average, further, shows us the ac-
tual trend of increase or decrease. We are now in need of a
further method which by means of a straight line for the
entire period will indicate not actual but normal growth.

This is accomplished by two methods: the first is that of
mere inspection and fitting to a graph a straight line which
seems to indicate its general trend. In doing this, excep-
tional and violent fluctuations would be disregarded and the
straight line would be fitted to that portion of the curve
which seems to represent normal conditions or movements.
For all practical purposes this is often satisfactory, but a
more exact mathematical method is that of the line of least
squares. By this is meant a series of points resulting in a
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straight line, in which the sum of the squares of deviations
of the actual data from this line are reduced to a minimum.
This is quite easily accomplished by locating two points and
drawing a straight line through them. The first point will
be the point representing the arithmetic mean of the data
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Chart 27: The sample series and its line of least squares.
(Straight-line trend.)
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for the entire period. It will be used as the mid-point of

the series. The formula for this point is the zm in which m

represents the original data and » the number of cases or
the number of time periods represented. The second point

is represented by the formula the %ﬂi In this x represents

the deviation of any given year from the median year. Thus
in a §-year period the third year will be the median year and
the first year will represent a deviation of —2, the second
year a deviation of —1, the third a deviation of o, the
fourth again of 4-1 and the fifth of 4-2. 2 is the square of
the respective deviations and x m is the product of the devia-
tion for a given year and the data represented by that year.
The numerical result thus obtained represents the rise on
one side and the fall on the other, for the two years imme-

TABLE 26

DETERMINATION OF THE LINE OF LEAST SQUARES FROM
A SAMPLE DISTRIBUTION

Deviation , Magnitude
Year from the Deviation Magnitude Times
Median Year Squared Deviation
66 x a? n ry X m
1900 —4 16 5 - 20
1901 -3 9 15 — 45
1902 —2 4 10 — 20
1903 —I I 20 — 20
1904 o (o] 35 o
1905 I 25 25
1906 2 4 35 70
1907 3 9 50 150
1908 4 16 40 160
Total () 60 235 —105
+405
+300
Im 235 2Zxm 300
— D ——— 25_ 1 — I —

n 9 Zx? 60
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Chart 28: The same sample series showing the cyclical variation only. The
general upward trend has been eliminated.

diately adjacent to the median year. While these points are
sufficient to locate the straight line, the value of any given
year can be easily ascertained by multiplying this amount
by the deviation for the year and adding to the arithmetic
mean which we have taken as the mid-point of our straight
line period. Other and more highly complicated methods
have been evolved by the economist for accomplishing this
general result in connection with economic data. Special
and similar technique will have to be developed ultimately
by the sociologist for the treatment of his data.

The first point in the line of least squares will be 2s.1,
which will be the point plotted for the median year, or 1904.
Five, as above derived is the amount by which the two
points adjacent vary above or below this median point. The
exact location of the 1900 point will be 25.14(5x4)=
45.1. Five is multiplied by four in this step because 1900 is
four years up from the median year.

C. SHORT-TIME OSCILLATION

Where it is desired to show, not the general trend, but
only the seasonal or cyclical variation or short-time oscilla-
tion, the actual deviation of each item from the moving
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TABLE 2%

DETERMINATION OF SHORT-TIME OSCILLATION FROM
A SAMPLE DISTRIBUTION

Moving Deviation
Year Magnitude Average from M. A.
1900 5 B
1901 15 10 +s5
1902 10 15 -5
1903 20 21.6 —1.6
1904 35 26.6 +8.4
1905 25 32.6 —7.6
1906 35 36.6 —1.6
1907 50 42.6 +7.4
1908 40 R

average or line of least squares is plotted above and below
a centrally located horizontal “o” line. Minus deviations
are plotted below the line and positive deviations above.

D. THE CORRELATION OR DOUBLE-ENTRY TABLE

The correlation which we have already discussed, from
the numerical standpoint, may also be expressed either in
tabular or in graphic form. The double-entry table is merely
a two cross-classification table in which paired items are
entered in terms of both captions and stubs. The resulting
distribution of items over the face of the table merely indi-
cates in a fairly general manner whether or not correlation
is present. If the items are equally scattered over the face
of the entire table, there is no evidence whatsoever of corre-
lation. But, if the result is a diagonal grouping from the
upper left-hand to the lower right-hand corner of table, or
from the lower left-hand to the upper right-hand corner, we
may be sure that correlation is present. Perfect correlation
would be represented by a straight line of diagonal items
without scatteration on either side. Table 28, which is
based on the ages of 175 pairs of grandfathers and grand-
mothers of university students, is self-explanatory. Since
the band of concentration is toward the lower left-hand cor-
ner, direct correlation is indicated. Sometimes, however, as
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in the case of the scatter diagram (page 155), the right and
the bottom axes are used. In this case direct correlation is

SOCIAL STATISTICS

indicated by an upward movement toward the right.

The scatter diagram. The scatter diagram is merely a
graphic method of presenting the data in the double-entry

CORRELATION OR DoUBLE-ENTRY TABLE BASED ON THE AGES AT
MARRIAGE OF 175 PAIRS OF GRANDPARENTS OF

TABLE 28

UNIVERSITY OF WISCONSIN STUDENTS

AGE AT MARRIAGE OF GRANDMOTHERS
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table. Dots are placed in the squares in place of numbers
and the trend is thus observed. Scatter diagrams are of
two types, in the first an individual dot is located for each
pair of items, whereas in the second each dot represents an
average.

The scatter diagram shown in Chart 29 is arranged
from the lower left-hand corner. The concentration of dots

45
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Chart 29: Scatter diagram based on the correlation table shown
on page 154.
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in a band extending upward and toward the right indicates
direct correlation between pairs. The diagonal line of
squares are those in which both parties were the same age
at marriage. All dots below this line of squares represent
cases in which the woman was older than the man; and all
those above, those cases in which the man was older than
his wife. The latter condition markedly predominates. The
stair line seems to locate the upper limit of the correlative
massing. In all cases above this line the husband is at least
6 years older than his wife. Correlation is here definitely
present but is reduced by the large number of scattered
cases above the stair line.

E. THE LoreNz CURVE

The purpose of the Lorenz Grapk is similar to that of the
coefficient of dispersion. It graphically represents the
amount of deviation by which a distribution departs from
equal distribution. It is of particular value in showing the
unequal distribution of wealth, income, and so forth. It is
another double-entry system in which points, which have
previously been reduced to a cumulative percentage basis,
are located on a chart. On this type of chart, absolutely
equal distribution is represented by a straight line which ex-
tends at an angle of 45 degrees from the point of origin. All

TABLE 29

SAMPLE DISTRIBUTION FOR THE ESTIMATION
oF THE LoreNz CURVE

CUMULATIVE PERCENTAGES
Crass Of the Of the Total Size
Simple
Frequency Series N Series X

0.-19.9 20% 20% 3%
20.0-39.9 40 40 8
40.0-59.9 60 60 20
60.0-79.9 8o 80 40
80.0-99.9 100 100 100
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graphs plotted on this chart will have the same point of
origin and the same point of termination. Deviation is indi-
cated by the amount of curve by which they deviate from
this straight line.

It is obvious that if 20% of the population is in posses-
sion of 20% of the wealth, 40% of 40%, 60% of 60%,

100%

[o2]
[=}
A

—seccccess wvecvdmace
=]

AN

)
o
S N

Cunulative percentage of magnitudes
o
o
W

Cumulative percentage of frequency

Chart 30: Lorenz curve, based on sample distributions.

and 80% of 80%, on the graph, we will have points plotted
which will produce a straight line. But if 20% of the popu-
lation is in possession of but 3% of the wealth, 40% in
possession of 8%, 60% possessing 205, and 80% possess-
ing 40%, then we will have a curve, the second curve on the
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chart, which represents a large amount of deviation from
equal distribution.

F. Tur RaTio or LocArRiTHMIC CHART

The ratio or logarithmic chart, already mentioned in the
chapter on Graphic Presentation, is also a method of sum-
marization in that it represents proportional rather than
absolute change. It is not necessary either to understand
or to use logarithms in the preparation of ratio charts since

TaBLE 30
SAMPLE DATA FOR THE ILLUSTRATION OF THE RATIO CHART
Geometric Constant Increase by
Arfthmetic Increase Increase Increasing
Increase (100%) (10%) Percentage
A B C D

5 I 10 4.6

10 2 11 4.7

15 4 12.1 5.0

20 8 13.3 5.6

25 16 14.6 6.3

30 32 16.1 7.5

35 64 17.7 9.5

40 128 19.5 13.5

45 256 21.4 19.0

50 512 23.6 37.0

Notice the widely differing results obtained by subjecting the above data
to arithmetic and logarithmic treatment. On the ratio chart (page 159)
line “A” represents a decreasing ratio, line “D” an increasing ratio, and “B”
and “C,” constant ratios of increase. In the case of the latter two lines a
comparison of the amounts of vertical rise for the same time period com-
pares also their rates of increase.

logarithmically ruled cross-section paper is available for
that purpose. The advantage of the use of this paper is
that while the graph shows proportional change it is numer-
ically read in terms of the original data. The ratio chart
shows proportional changes between years and makes easy
the comparison of proportional change between periods of
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Chart 31: Sample distributions 4, B, C, and D (Table 30, page 158).
Magnitudes plotted on logarithmic scale. Compare with Chart 3a.
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time. The ratio chart is a telescoping chart. The amount
of vertical space on the chart is the same for 10 units, 100
units, 1,000 units, and so on, indefinitely. Likewise, the
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Chart 32: Sample distributions 4, B, C, and D (Table 30, page 158).
Magnitudes plotted on arithmetic scale. Compare with Chart 31.
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first unit in a series of 10 is fen times the size of the last
unit.*

The ratio chart has no zero line. A straight line (of
necessity diagonal) represents a constant proportional rate
of change. On ordinary cross-section paper this line would
be represented by an upward trending curve. If, on a ratio
chart, a graph is an upward trending curve, the rate of
change is increasing. If, on the other hand, a graph has a
downward trend, the rate of change is decreasing. Thus it
may be concluded that equal slopes will indicate equal rates
of change whether or not the two graphs coincide on the
chart. This makes it possible to compare the rates of
change in two series of variables which differ widely in mag-
nitude. For purposes of comparison it is often desirable to
bring graphs on the ratio chart into as close proximity as
possible. This is done by partially disregarding the vertical
scale. The unit 3 on the vertical logarithmic scale, for ex-
ample, may denote a value of 30 for one series and 30,-
ooo,000 for the other. Still the resulting graphs show us
comparable proportional change, and given the unit of ex-
pression for each series, we can easilv read the original
numerical values of the points plotted. This is called verti-
cal shifting.

Charts 31 and 32, plotted on the logarithmic and the
arithmetic bases, illustrate the process.

1 Simply stated, a logarithm is the power to which 10 must be raised to
obtain a given number. The logarithm of 10 is 1, of 100 is 2, of 1,000 is 3,
and of 10,000 is 4. Likewise the log of 1 is o, of 3 is ©.69990, of 20 is 1,3010,
and of 50 is 1.6990.
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E
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Limits of statistics 8
Line graphs 98
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M
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