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PREFACE

FroM a mountain-top the significant features of an extensive
region may be scen better than when one is exploring a single
forest or plain. Excursions into various parts, however, give
a clearer understanding of what has been viewed from the
mountain top. To present & complete geography of man’s
nature and activities in a single volume is impossible. To
give abstracts only, would be uninteresting and useless. The
author makes no claim to universal knowledge, but assumes
to act merely as a guide in revealing some of the general
truths regarding man and his place in nature, and in illustrating
the methods of rescarch employed in the various sciences
of man. Without the use of extended description, exact
definition, or technical terms, he hopes to give a fairly clear
concept of each of these sciences, the investigations by which
they are being developed, and their relationship to each other.

In most of the chapters the aim is to give in an untechnical
way, some of the interesting and useful truths that have
been revealed by man’s study of himself individually and
collectively ; while in the first chapter and in the selected
researches following each of the chapters, the intention is to
give an idea of scientific methods and the ways in which they
are being used to study human nature and behaviour.

For several decades the author has been gleaning in many
fields for his personal satisfaction in getting a broad basis
for understanding human conduct. When recently he decided
to organize the results of this reading into a book of the type
just described, he first wrote what seemed to him most
significant in the various fields; then studied the recent
literature to make sure that his presentation was in accord
with the truths accepted by scientists of today; and later

spent considerable time in selecting examples of research to
v



vi PREFACE

illustrate the scientific methods being used in each field.
It was difficult to find studies that were typical, non-technical,.
and brief enough to be used in a book of this kind. In
psychology the abundance of material made selection par-
ticularly hard; while in such subjects as economics and
sociology, objective studies, though not so numerous, were
frequently long and technical.

It is the author’s desire that the book be useful to intelligent
men and women in, and outside of institutions of learning.
Having been prepared by one man this book has the advantage
of greater unity of treatment than is possible in books written
by several specialists. It is hoped that the chapters on the
relations of science to ethics and religion will assist in orienting
the readers who are questioning whether conflict is inevitable.

The references given at the close of each chapter have been
carefully selected from recent literature giving facts rather than
theories.

The author is under deep obligation to scientists and
publishers who have so kindly given permission to quote from
articles and books, and to his wife, whose literary judgment
and library training have been constantly helpful.

E. A. K.

December 1931.
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THE SCIENCES OF MAN IN THE
AAKING

CHAPTER I
NATURE AND METHODS OF SCIENCE
VARIETIES OF KNOWLEDGE

IF you drop the penny you hold into the water it will sink,
but if you drop a chip in, it will float. If you keep that cat
under water he will drown, but if you keep this fish out of
water he will die. Almost any child of school age knows
these facts, but is such knowledge scientific ?

The first essential of scientific knowledge is that it shall
be classified in such a way that an assertion may be made
of all members of a group instead of one or two. When a
child can think in general terms that all objects made of
metal will sink in water, and all wooden objects will float,
his knowledge is becoming scientific in an elementary way.
In proportion as such knowledge becomes accurate, does its
scientific character increase. All objects heavier than water
sink, while those lighter than water float, is more accurate
as well as more general than the preceding assertion.

The statement is not accurate, however, unless we add that
in order that objects heavier than water shall sink, their
shape must be such that the amount of water displaced weighs
less than the object. If this were not the case steel ships
would not float.

A moment’s thought will show that the above general
statements imply measurements of size and weight. This is
one of the essentials of accurate scientific knowledge. The
primitive mode of thinking which classifies as heavy or light,
old or young, living or dead, intelligent or stupid, good or

A



2 THE SCIENCES OF MAN IN THE MAKING

bad, etc., is being changed into quantitative statements, such
as—the object is lighter or heavier than an equal bulk of
water at the same temperature; or still more definitely, its
specific gravity is -g7 or 1-31. In age the person or animal
is so many tenths as old in years as the average age attained
by members of the species in the same environment ; or the
bony structure of the wrist is 89 per cent. of the size of that
of the average adult, or contains 9T per cent. as much mineral
matter. This animal is dead in the sense that the vital organs,
heart and lungs, are 100 per cent. non-functioning; but
98 per cent. of the cells of which the body is composed are
still alive. This man is good Pecause he did right g9 times
in a hundred when there were chances to be dishonest in
a certain way, whereas the average for his companions is 71.

From these examples we see that the more scientifically
accurate knowledge becomes, the more must its truths be
expressed in mathematical terms. Mathematics uses the most
accurate of language symbols, hence mathematical terms are
generally employed to express truth with exactness. The
statement that all men are born with two legs and all horses
with four, is practically correct and reasonably scientific, yet
not absolutely accurate since a fractional per cent. are born
with a different number. The per cents. having an unusual
number of ribs, vertebre or teeth are considerably greater.
To be accurate, classes must be so definite in the charac-
teristics implied that the assertions of what is true of members
of the class must hold for all but a negligibly small number
of individuals, or there must be a numerical statement of the
per cent. of cases in which any given statement holds true;
e.g. All full-blooded negroes are musical, or of a thousand
full-blooded negroes between six and sixteen years of age
tested, only one was tone deaf in the sense of bemg unable to
distinguish between notes ¢ and d.

No sharp line can be drawn between scientific and un-
scientific knowledge, but it is clear that the percentage of
truths in our text-books which can be expressed in mathe-
matical terms is much higher in physics and chemistry, than
in botany or zoology, and very much higher than in economics
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or history, while those that can be so expressed in literature
and other arts are few or unimportant.

Knowledge may, however, be of great value when it is not
possible to express it with a definiteness which would justify
its being called scientific. The knowledge of harmony gained
by an experienced painter or musician may be of far greater
value for artistic purposes than the more scientific formulations
of physicists and psychologists as to what wave-lengths of
light or sound correspond to the various colours and pitches
perceived by means of the eye and the ear. In general,
knowledge that is of practical and artistic value is likely to
be gained regarding all sorts of things and situations before
any knowledge worthy of the name scientific has been for-
mulated. Not until scientific knowledge of common objects
and situations has become extensive and definite does it
correct, supplement and largely displace the less accurate
knowledge gained by incidental experience in industry and
art. Only within the last century has scientific knowledge
come to play a large part in manufacturing, mining and
agriculture ; and still more recently in the promotion of social
welfare and the reproduction of things artistic.

Science is concerned not only with accurate definitions and
classifications but with sequences. It assumes that objects
and events are related to each other in such a way that when
the combinations are the same the same results will follow
as in previous cases. It is the problem of science to determine
what things are of the same type, and all the conditions
involved in the sequences of events. The solution of its
problems is chiefly a matter of the accurate use of methods
of checking the similarity and identity of objects, conditions
and events by observation and experiment.

SCIENTIFIC KNOWLEDGE NOT ABSOLUTE AND UNCHANGEABLE

Science makes no attempt to gain absolute knowledge but
only to discover relations between experiences. If no serious
mistake has been made in the facts classified and their relations
to each other, the supposed truths of science are never entirely
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contradicted, but the facts are always subject to more
accurate determination, making possible more exact classifica-
tions or numerical statements, and simpler formulation.
Every new discovery prepares the way for such further
advances.

Incidental to this normal progress in knowledge, there are
changes produced by examining new facts and by new theories
as to general relations which may seem simpler and more
satisfactory to the human mind! Extensive observation in
the early history of the West and South made it certain that
people living in the lowlands were afflicted with malaria
more than those inhabiting the uplands. This knowledge
was sufficiently general to be classed as rudimentarily scientific.
The theory that the disease was caused by the moist ** malarial
air ”’ seemed to fit the facts, and was in accord with other
beliefs as to the part played by air in the production of
diseases. Later investigations have proved that germs are
the cause of many diseases, and that they are usually passed
from one animal or person to another, not by means of the
air but by contact. It has been demonstrated that the germs
of malaria are carried from one person to another by mos-
quitoes. This seems quite contradictory to the original
‘““scientific”’ truth. Yet the original generalization that
malaria is more prevalent in the wet lowlands (unchanged
by man) is as true as ever. The relation of these facts, however,
is now seen differently, and explained by another and largely
contradictory theory. It is not the moist air, but the little
pools where mosquitoes breed, that is the significant con-
nection of the disease with the lowlands. The disease is
transmitted, not by breathing malarial air, but by the bite
of a mosquito which has previously bitten a diseased
individual. .

The theory, now so generally accepted, that malaria and
many other diseases are produced by microbes, may con-
ceivably be replaced sometime by the view that in many cases
the germs are not the cause of the disease, but the results
or accompaniments of it. The scientific truth would then be
differently formulated, yet the essential truth of the usual
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close relation between many diseases and germs, would not
be contradicted.

Whenever anyone asserts that a truth of the relation of
certain kinds of facts to other facts is absolutely and unchange-
ably true, he is making a rash statement never justified by
the canons of science. All that a scientist can consistently
say is, that in the light of known facts and general truths,
a given statement is scientifically justified. With more
accurate observations and .neasurements and with the study
of hitherto unobserved facts, the truth is likely to need
restatement. Science simply uses the best-known methods of
studying causes, conditions and results, and of formulating
truths and verifying them by further observation and
experiment.

In a deductive and logical science like mathematics, certain
definitions are given and assumptions made, and from these
truths may be formulated that never change, e.g. ** the whole
is equal to the sum of its parts” and “ things equal to the
same thing are equal to each other.” These will always be |
true when space, time and number are conceived in the same
way; but in the objective world with which science deals,
these truths hold only to a limited extent. The sum of the
bricks of which a house is composed is not the same as the
pile of bricks from which it is made ; nor is a house the same
as another composed of an equal number of bricks.

Given certain assumptions, mathematical and philosophical
truths may be logically educed ; but the way in which things
behave can never be discovered by such means. Water and
many other substances contract when cooled, and logically
should continue to grow smaller with increased cold, but
observation and measurement show that after a certain
temperature is reached, water stops contracting and expands
as its temperature falls, and then changes into the form of
solid ice. We cannot tell by mere logical thinking how objects
will act under new conditions, but they must be observed
in order to find out. Not only this, but any truth formulated
is based upon observations made, and care must be exercised
in formulating what will be true in future experiences. Under
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certain conditions water remains a fluid, and one noting the
fact without considering the conditions would naturally and
logically say that water always remains a fluid; but when
conditions are taken into account it is discovered that water
may become either solid or gaseous according to temperature
conditions. This indicates the limits of inductive science.
It must be based upon a sufficient number, of known facts,
but is always subject to change when new or more accurately
measured facts are acquired. Tke fundamental assumption
of science is that we can judge of the unexamined and of future
events, only by extensive study of similar things under similar
conditions. Any object such as iron will always have the
same essential characteristics that have been observed under
ordinary conditions of temperature, etc., but what charac-
teristics it will show when the temperature is absolute zero
or at a million degrees of heat, cannot be known with certainty
in advance of studying it at these temperatures.

Predictions as to the behaviour of plants, animals or human
beings under conditions never observed are even less probable.
Experiments on guinea-pigs and rats may make predictions
as to the effects of chemicals or disease germs upon them quite
certain, and may justify the theory that the effects will be
of the same nature upon all animals, including man ; but the
latter proposition can be considered as established scientific
truth only when a number of tests with various animals,
including man, have verified it. The greater the variety of
facts, rather than the numbers of the same kind, confirms
a theory.

Apparently well-established theories sometimes give place
to others which prove to be in accord with a larger variety
of facts. By studying old phenomena more carefully or by
examining new, reasons for changing old theories are often
found. Of two theories confirmed by facts, the simplest one
is usually accepted as the best. The careful scientist is
therefore cautious about making assertions about what will
be found in unexplored fields, yet he is always constructing
theories that he regards as likely to be verified by future
studies. There are all gradations between probable hypotheses
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and theories, and those so well established that change is
improbable.

PURE AND APPLIED SCIENCES

While there is no sharp line of division between knowledge
that is scientific and general truths based on experiences
gained in securing the means of livelihood and comfort, yet
most scientific knowledge is the result of curiosity regarding
the world in which we live. Anyone who observes the stars,
weather, plants, animals and people, notes similarities that
serve as a basis of classificatipn, and formulates general truths
as to what may be expected of members of each class, is
developing scientific knowledge. Those who make progress
are likely to be raising questions as to what may be true,
and then observing to see if what they thought probably
true is verified. In other words, they form crude theories and
then observe—not just anything—but whatever bears upon
the truth of their hypotheses. If this is done in order to
produce a better kind of axe or canoe, a better method of
raising corn or of hardening steel, the knowledge gained is
of the practical type. Such knowledge is usually limited in
range and application.

In the pursuit of pure science, the essential characteristics
of all cutting tools, of all floating crafts, of all animal and
plant life, are studied and the classifications made in accordance
with similarities, regardless of any practical purposes to be
achieved. Truths as to the relationship of one set of facts
to other classes are sought, regardless of whether there is
any known use for such knowledge. The botanist is just
as interested in studying and classifying weeds as useful
grains, vegetables and fruits; and as much concerned with
conditions affecting the growth of “ pussley ” as of peas.
Such studies are known as pure science, as distinguished from
applied science.

Pure science is regarded as superior to applied science by
some because it is the product of the desire to know and
understand regardless of any immediate practical end to be
gained. Others regard it as superior because its truths are
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broader and less likely to be changed by further research,
and because fundamental truths are sure sooner or later to.
be permanently useful in gaining all sorts of desirable ends.
All knowledge of plants and the conditions under which they
thrive are useful in agriculture, helping in the effort to grow
better crops and in the eradication of weeds. Nothing seemed
more useless than a knowledge of X-rays when they were
first discovered. Now such knowledge is indispensable, not
only in medical practice but in mdny industries where there
is need to know the internal structure of things. The know-
ledge of electricity gained in part through the curiosity of
Franklin has been extended until it is now used in every
home and factory, and in every phase of our modern life.

Pure science is usually surer than the narrow and immediately
useful truths of applied science because of a very fundamental
human characteristic. 'What one sees and accepts as true is
determined to a very great extent by what one expects and
desires. Where the truth sought has immediate bearing on
any subject in which there is any emotional interest, the
facts noted and their interpretation so affect the mind that
often the whole truth is not obtained. At the present time
it is almost impossible to get scientific knowledge of the effects
of prohibition, because every one supplying data, and nearly
every investigator has his facts selected, coloured and inter-
preted by his prejudices.

The wish that anything may be true, powerfully influences
the mind toward finding it true. A researcher in pure science
is usually far less influenced by prejudices and wishes than is
the investigator who is aware of the practical results of his
findings. Even the pure scientist is, however, likely to be
prejudiced in favour of a theory that he himself has proposed
or espoused. His reputation depends upon its being verifieq,
hence in his selection of facts and interpretation of results,
he is unconsciously prejudiced. This tendency to error has,
however, a natural corrective. Other scientists may make
their reputation by finding defects in old theories and in
proving new ones. It has now become a recognized principle
that evidence of the truth of a theory presented by one man
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;annot be accepted as reliable, even as to facts given in its
support, until others have made the same observations and
axperiments with the same results. This is especially required
wvhen the facts reported seem not in harmony with well-
sstablished theories.

It is clear that there is a place for both pure and applied
sciences.  Each adds to the body of satisfying and useful
<nowledge, and each supplements and corrects the deficiencies
of the other. The growtg tendency for scientists to be
xmployed to carry on research into problems concerned with
sfficiency in agriculture, misning, manufacturing, commerce
ind social work, is fortunately paralleled by purely scientific
‘esearch in Universities and by scientific foundations. The
nvestigator who is sceking to apply scientific truth must
ilways spend a great deal of time in testing how various
ruths work out in practical situations. Laboratory tests on
‘he effects of a given fertilizer on corn, must be supplemented
)y field experiments in different soils before its real value
:an be determined.

RELIABILITY OF KNOWLEDGE AND SCIENTIFIC METHODS

Scientific knowledge is superior in certainty and accuracy
:0 knowledge incidentally gained in the everyday affairs of
ife, for several reasons: (1) The acquiring of such knowledge
s the guiding purpose of the scientist rather than incidental
‘0 attainment of some other end. Such specialization naturally
jives more complete and accurate knowledge of objects and
>henomena. (2) The searcher after truth in any field does
10t wait for opportunities to study the things about which
16 wishes to know : he goes where the air is clearest to observe
tars, and at a time and place most favourable for seeing
he ones of greatest interest ; he collects specimens of rocks
r plants, and studies resemblances and differences; he
iystematically follows the life-history of members of a species
f plants or animals ; he goes where there are many sufferers
rom yellow fever, pellagra, or other diseases, etc. Thus he
uts himself in the way of acquiring systematic and accurate
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knowledge. (3) He arranges conditions so that there will be
only one similarity, difference or change at a time to be
studied. This arranging so that all the other factors involved
shall remain the same while the effects of change in one factor
are observed is the essential element in what is called experi-
mental research. By dropping two objects of the same
material and shape, but of a different size, from the same
height at the same time, the truth, never observed in thousands
of years of incidental human expédrience with falling objects,
was discovered, that small objects fall at the same rate as
large ones. This limiting of observation to one thing at a
time by arranging that everything else shall remain constant
is the most important part of experimental research.

How quickly and surely truth is obtained in this way
depends greatly upon the acuteness of the investigator. There
must always be some analysis to show the various possible
factors and the choice of the ones most likely to be significant
for experimentation. Where experience or previous research
is lacking as a guide, it is largely a matter of chance. Edison,
in developing electric lights, experimented with 40,000
substances, and for a time obtained his best lighting effects
from carbonized bamboo. In another instance, zooo liquids
were used by him to find what would dissolve a certain
substance, and in this way two solvents, formerly unknown,
were discovered.

Theoretically, all the science of chemistry might be developed
by a sufficient number of chance combinations of elements ;
but there are so many of these possible combinations that an
eternity would be required to discover the principal truths
of chemistry by this method. Chance does sometimes lead
to immediately important discoveries, but only when there
is an acute observer present. Most discoverers of scientific
truth have not only the patience to experiment and determine
the effects of changing one factor after another while others
are kept constant, but, guided by their knowledge of the
whole phenomena, they select the most probable factors for
study. Usually the results previously obtained in the scientific
study of similar objects or phenomena are very helpful. For
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this reason scientific research is most efficient when specialized
—a chemist in chemistry, a biologist in botany and zoology,
a psychologist in psychology. When an eminent physicist
like Sir Oliver Lodge attempts to experiment in psychology
his conclusions have little weight among psychologists.

Sometimes, however, special knowledge within his own
field misleads a scientist, as when investigators into the cause
of pellagra wasted much time in seeking a germ, whereas, by
observing the food habitstof different groups of people, it was
finally discovered that deficiencies in vitamins in the foods
most used was the cause.: Some previous experiments in
animal feeding helped in this discovery, but not as much as
belief in the germ theory of disease retarded its establishment.
More experiments were necessary to prove that germs were
not concerned than to establish the relationship of foods to
the disease.

(4) Research can be accurate only by the help of measuring
and counting, and the use of instruments of precision; and
these are prominent features of all modern science. Instead
of depending upon accuracy of sense judgments, measurements
in millimetres, degrees of heat, amperes, etc., are used to
determine whether conditions are constant and how much
change in result follows each change of one factor after another.

(5) Where conditions are complex and it is not possible to
hold any of them entirely constant, as is usually the case in
studying living things—especially man—statistics are exten-
sively used to discover the results of marked increase or
decrease in one or another of the many factors involved.
How to use statistics thus is a science in itself. As generally
used by politicians to show the effects of a high tariff on
aeconomic welfare, they have no value.

.In measuring for scientific purposes there are developed
many exact standard units of measurements that can be
employed only by means of instruments (telescopes, micro-
scopes, thermometers, micrometers, etc.) which may show
differences a million times as small as can be detected by the
unaided senses.

By the use of instruments instead of natural sense acuteness,
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by immediate record of all observations made instead of
remembering those that are supposed to be significant, and,
by mathematical calculations instead of personal judgment,
does scientific knowledge become more reliable and exact than
ordinary knowledge. By merely keeping records and cal-
culating the results, knowledge of weather has become much
more scientific than when people, depending. upon incidental
observation and memory, believed that changes of moon were
associated with storms, and that élimate was different fifty
years ago, or that thick corn husks mean a cold winter to come.

One untrained in the essentiads of scientific truth-seeking
is sure to have his conclusions controlled largely by personal
desires. Interest once aroused in a particular fact, and the
suggestion that it is typical of others, naturally leads the
individual to notice and remember other facts of the same
type. In this way beliefs as to weather, signs of good luck or
misfortune, the characteristics of races, the value of precautions
or remedies, etc., are formed and perpetuated generation after
generation. Such errors can be avoided only by noting,
recording and perhaps measuring all the facts that can possibly
have a bearing on the phenomena in question, and by mathe-
matical calculations determining how often and under what
conditions the supposed truth is verified. This means that
scientists must be impersonal in searching for truth. They
are not necessarily cold in their emotional nature, but their
desire to learn the truth must dominate over all other desires.
The attitude of the artist—'‘ Give me beauty or I die ”’; of
the saint, ““ Though He slay me, yet will I trust Him ", is
paralleled by the scientist, *“ Let me learn the truth whatever
effort is required.”

SCIENTIFIC KNOWLEDGE OF HUMAN BEINGS

In all ages people have been the most important part of an
individual’s environment, especially in more or less helpless
infancy and childhood. Knowledge of the probable behaviour
of companions is well developed at an early age, and is as
prominent in savages as in the most civilized groups. Early
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in the history of the human race some of the fundamentals
of psychology, politics, and ethics were organized into systems
before much had been done in the physical sciences. The
truths discovered, largely by subjective means, were of
considerable validity and in some respects have been but
slightly improved upon by modern research. Aristotle’s
ethics still ranks high as a formulation of what constitutes
good conduct. The success attained was due, not to the use
of reliable and exact metl ods of science, but to the profound
ability of a few great men to observe, classify, and relate the
essential elements of human nature and behaviour. Their
success depended upon the fundamental resemblance of all
human beings and the typical character of the men who,
through profound study of their own nature and observation
of others, learned many things which are true of all humanity.

The difficulties of correcting, supplementing and rendering
exact this body of knowledge by the use of objective scientific
methods, are far greater than in the study of non-human
objects and phenomena. Inorganic objects are simpler in their
structure than organic, and vary far less with previous history
and environment than living organisms. It is also possible
to experiment on inanimate objects and discover their nature
and the factors affecting them. For these reasons physical
and chemical sciences developed long before those concerned
with living things, and have within a comparatively short
time attained a high degree of reliability and accuracy.

The study of plants has developed less rapidly and know-
ledge of them has not yet attained the accuracy of that
gained in the physical sciences. Not only are plants complex
in their organization, but every one has a history which
makes it different from other similar plants, and it is responding
in a more or less special way to many factors. There is also
the great difficulty that experiments on living things are
not reversible, as is the case with inorganic physical objects ;
e.g. a plant or animal radically changed by some factor, such
as heat, cannot be restored to its former state by taking the
heat away, as can be done with a piece of metal. The more
indirect method of experimenting with a great number of
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plants similar in nature and history must be resorted to,
such as subjecting a certain number to the absence or presence
of varying light, temperature, fertilizer, etc., and noting their
average variation from those whose living conditions are not
changed. By such means the characteristics of each species
of plants have been accurately determined, and crops of a
given size and quality may now be raised with much greater
certainty and conformity to standard, than when agriculture
was carried on without the help of ccientific knowledge.

Animals are more complex in structure than plants, and
hence the factors affecting their growth are less easily deter-
mined. When not only their structure and growth are
considered, but also their behaviour, so active and varied as
compared with that of plants, which for the most part remain
in one place, the difficulties are greatly increased. They do
not wait for man to change environing influences, but are
‘continually moving about and varying the influence of tem-
perature, light, and other physical forces, and using up energy
and developing certain parts of the body in so doing. In
spite of these complications, however, science has built up
a considerable body of scientific knowledge useful in rearing
and training animals.

In the study of man’s body the difficulties are considerably
increased by the fact that little freedom of experimentation
is permitted. This is partly overcome in three ways. (1) By
studying the resemblances between men and animals and
judging what results of experiments upon certain animals are
probably also true of man; (z2) by observing the effects of
accidents and diseases ; (3) by studying the physical develop-
ment of groups of people living under various conditions.

Since scientists have been freely permitted to dissect human
bodies and to perform autopsies, and have had the aid of
experiments on animals and non-dangerous experiments upon
living human beings, the science of physiology has made
great advances and has come to serve as a reliable guide in
matters of health.

When man’s actions are the subject of study the difficulties
are even greater than in studying the behaviour of animals.
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What one man does depends upon what others do, and the
actions of all are influenced not only by their own nature
and experience, but by what their parents and ancestors
back through countless generations have done. It isimpossible
to experiment with the past of individuals or of their ancestors,
and it is hard to get a group of human beings who are so
much alike that we can be sure of the influence of the factors
to which some of them are subjected, being the real and sole
cause of differences observed. In spite of all this, however,
much that is scientific has been learned of human behaviour,
some of it helpful in practical affairs.

Progress in the study of the conduct of human beings was
lacking in accuracy as long as attention was focused upon
the conscious states of the individual acting, instead of upon
the actions performed, and the influence of physiological and
environmental conditions. These later objective studies gave
more exact knowledge of details of mental activity than was
attained by the early masters such as Aristotle; but they
added little to exact knowledge of mind and behaviour in
their broader aspects. Within the last half-century, with
increasing use of experiments with objective conditions and
responses that can be measured, there has developed much
accurate detailed knowledge and some of a general type
which gives psychology an assured place among the
sciences.

Attempts to study the geographical, economic, social and
ethical life of man in relation to his environment, and the
actions and interactions of individuals and groups to each
other, have as yet yielded little knowledge that is scientifically
accurate. The reasons for this are to be found not only in
the complexity of the factors involved and the difficulty of
keeping all but one factor the same while its influence is
measured, but there are more serious impediments. Men
usually think that the particular group of people to which
they belong are superior in their nature, their customs and
their beliefs, and more worthy than those of other groups.
Only recently have the most ardent scientists attempted to
study groups of human beings with the same scientific detach-
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ment as they study a field of corn or a colony of ants or a
flock of migrating birds.

With a marked growth in this scientific attitude toward
facts of human life, and with means of gathering and measuring
them and learning their significance by exact ‘statistical
methods, the sciences of anthropology, economics, sociology and
ethics, are gradually emerging from the clouds of superstition,
tradition and prejudice. There is no reason why knowledge
in these fields may not become jmore exact and reliable as
scientific research continues and methods improve. In the
nature of the case the progress will be slower than in other
sciences, and the accuracy now found in physics may never
characterize all of this knowledge ; but the problems of the
human sciences do not differ from those of physics in kind,
but only in complexity. The methods which have brought
success in one, will ultimately bring success in the other.

SUBJECTIVE FACTS AND SCIENCE

A man suffering from the toothache is directly aware of
the pain and may report that it is lessening or increasing.
This is a subjective fact which can be observed only by the
subject of the experience. Any number of other persons may
hear his words or groans and may see him put his hand to
his jaw, or may experiment and note that he jumps and
exclaims when a certain tooth is touched. By any one or
all of these facts open to general observation they may be
convinced that their friend has a subjective feeling similar
to something they themselves have experienced.

All phenomena that may be observed by several people
are objective. They may be verified and truths formulated
in accordance with scientific methods. The subjective fact
of pain itself, since it can be observed directly by one person
only, is not subject to such direct verification. The fact of
pain and the degree of pain, if any, can never be directly
determined except on the testimony of the person suffering.
By studying the objective accompaniments found in many
persons who claim to have toothache, truths may be for-
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mulated which will help in deciding the truth of a patient’s
statement, but no immediate observation or measurements of
such facts are possible to a scientific investigator.

The work of a scientific investigator in dealing with subjective
facts is chiefly in making constant the objective conditions
under which subjective observations are made, and noting
variations in reports of subjective experiences as one or
another of the objective conditions are changed to a measured
extent. He may also observe and measure physiological
changes, e.g. in blood pressure, that occur as certain subjective
states are reported. By such means greater accuracy of
subjective description and estimates of changes in degree
are secured and their correspondence to objective facts
ascertained. When many persons have been tested generaliza-
tions may be made as to the usual objective accompaniments
of pain. The individual who gives different reports from
others, or the same reports without the usual bodily accom-
paniments is probably mistaken or falsifying, but it is almost
impossible to prove that such is the case. The claim of an
individual seeking to collect insurance money on the grounds
of pains experienced are difficult to disprove, as are also the
mental satisfactions reported as resulting from certain religious
practices. It follows from the above that scientific methods,
although not directly applicable to subjective facts, may be
used in getting more accurate data and in testing the prob-
ability of individual observations and reports.

In everyday life we assume that the people around us are
experiencing feelings and acting purposefully because this is
usually true of ourselves. This assumption is near enough
to the truth to serve fairly well in dealing with our fellow-men.
We can adjust our actions to those of others better by inferring
their emotions and purposes than by mere observation of
théir objective behaviour. If a rolling stone approaches us
we observe its direction of motion and get out of its path ;
but if a person moves toward us we infer from objective signs
whether his purpose is to greet us or attack us, and act
accordingly. We can thus adjust quickly and fittingly to
actions of companions on the basis of inferred subjective

B
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states better than by observing and acting on objective
facts only. .

The same is true in dealing with all animals of the higher
type. We deal with them as if they were animated by
purposes, and not as we do with non-living objects and
machines. The actions of men and animals may be mechanic-
ally determined, but under ordinary circumstances we can
adjust to them more successfully by supposing them to be
animated by purpose than by apy knowledge we have or
can gain of their usual organic mechanisms. Man always has
made and probably always will thus make use of inferred
knowledge of subjective states in reacting to his fellow-men.

Among many tribes of people not only are fellow-men and
animals considered as animated by subjective purposes, but
to a greater or less degree all things in nature are so
considered. The growth of common sense and scientific
knowledge among such people was greatly retarded by this
subjective view of the world. Instead of observing objects,
conditions and results more carefully, the phenomena of
nature was regarded as partly or wholly determined by the
subjective states of spirits in, or associated with them. Super-
stitions and religions are, in part at least, the development of a
subjective view of the world.

Objects resembling those known to produce certain results,
or things associated with such objects, are uncritically
supposed to be effective in bringing the results because of
such resemblance or contiguity.
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“ THE ELEMEN1S AND SAFEGUARDS OF SCIENTIFIC
THINKING.” By Professor ELLioT R. DOwWNING, Univ. of
Chicago. From Scientif ¢ Monthly, March 1928. Quoted by
Peymission.

The teacher who endeavours to direct pupils in acquiring skill
in scientific thinking must have a clear-cut notion of the elements
that constitute such thinking ; he must be on the alert to detect
and correct the errors that pupils are most likely to make in
the process. The elements of scientific thinking are essentially
the same as for any reflective thinking. It is by increasing the
awareness of the safeguards that must be thrown around the
successive steps in the thought process that science has made
its thinking constantly more cautious.

The following outline will present these elements and safeguards :

Elements of Scientific
Thinking
Purposeful observation .

Safeguards

. must be accurate ;
. must be extensive ;
c. must be done under a variety
of conditions.
Analysis—Synthesis . . d. The essential elements in a
problematic situation must
be picked out.
e. Dissimilarities as well as simi-
laritics must be regarded.
Danger of analogy.
f. Exceptions are to be given
special attention. Selective

o Q

interpretation.

Selective recall . . . g- A wide range of experience is
necessary.

Hypotheses . . . . h. All possible ones must be

considered.  (Fertility of
suggestion.)
Verification by inference and
experiment . . . i. Inferences must be tested ex-
perimentally.
j. Only one variable is per-
mitted.

19
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Elements of Scientific

Thinking Safeguards
Reasoning by :
1. Method of agreement. k. Data must be cogently
arranged.
2. Method of difference. I. Judgment must be passed on
3. Method of residues. the adequacy of the data.
4. Method of concomitant m. Judgment must be passed on
variation. the pertinency of data.

5. Joint method of agree-
ment and difference.
Judgment . . . . 7. *must be unprejudiced ;
0. must be impersonal ;
. must be suspended if data
are inadequate.

Aloisio Galvani (1737-1798), a physician and professor at
Bologna, was preparing frogs’ legs for his wife. She was ill with
some stomach trouble and this delicacy had been prescribed for
her. He had skinned a number of the frogs’ legs and had laid them
on the table when he was called out of the room. A student of
his was experimenting with a frictional electric machine on the
same table. His wife happened to touch a scalpel to the nerve
of a frog’s leg when a spark jumped from the electric machine
to the scalpel and the leg twitched violently. She related this
to Galvani. He recognized in this a problem, not mcrely a curious
fact. He tried to get additional facts. He hung frogs’ legs on
iron wires, on an iron trellis in his garden while a thunder-storm
was in progress. The legs twitched violently. He laid frogs’
legs on metal plates indoors, and touched the nerve with one
end of a wire, the other end of which was in contact with the
metal plate. Again he observed the twitching of the legs. When,
however, he laid the legs on a glass plate and used a glass rod to
connect the plate and the nerve, there was no twitching. In
these experiments he was trying to define his problem, which
finally shaped itself into the question, whence came the electricity
into these frogs’ legs ? He later decided, erronecously, that it
was generated in the nerves. In spite of a wrong solution he had
seen and defined a problem. . . .

It is very desirable to inculcate pupils with ideals of scientific
accuracy.

De Saussure thought he saw the microscopic animalcules repro-
duce by fission and so reported the fact. But Ellis, an Englishnran,
denied this, claiming that the young came out of the body of the
parent. He said he was able to see the children inside the parent
and even the grandchildren inside the children. Spallanzani put
a drop of broth swarming with infusoria on a glass slide ; near
it he put a drop of pure water. He connected the two drops
by a tiny bridge by drawing the broth out with a fine brush
until it connected with the drop of water. Under the lens he
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watched this bridge until he saw one animalcule swim over into
the drop of water. He then wiped the bridge away and sucked
the drop of water with its one animalcule up into a fine glass tube.
He watched this one animal continuously, saw it divide and the
two offspring redivide. This he did again and again until he was
sure that De Saussure was right. . . .

Observations need to be made under a variety of conditions.
Newton desired, if possible, to make a telescope free from
chromatic aberration; that is one in which the image would
not be surrounded by a halo of colour. He knew that light
passing through a lens is buwoken up into its component colours
just as it is in passing through a prism. He thought that it
might be possible by a combigation of lenses to overcome this
defect. To test the possibility of this, he put a glass prism in
a prismatic vessel filled with a sugar of lead solution. The apex
of the glass prism pointed in the opposite direction from the
apex of the prismatic vessel. His idea was that one prism might
undo the dispersive effect of the other. He found, however, that
the light after passing through both prisms still showed colour
bands, and concluded that the achromatic lens was impossible.
If he had varied the condition, however, using a variety of
solutions, he would have discovered that some solutions would
correct the dispersive effect of the glass prism much more than
others might, then have hoped to find one that would correct
the trouble entirely. Due to this failure of his to vary the
conditions under which he worked and due to the great weight
of his authority, the discovery of the method of making the
achromatic telescope lens was delayed for more thana century. . . .

. . . Wolfrelates that in a certain hospital in Dublin many deaths
occurred among the patients located on the first floor of the
hospital, while few died in the second floor ward. It was con-
cluded that for some unknown reason the first floor was very
unhealthful. One essential element in the situation had been over-
looked, however. The hospital porter was in the habit of sending
all patients upstairs who could walk up, while those who were too
sick to climb the stairs were put in the ward on the first floor. . . .

It is exceedingly important that in all experiments to test the in-
ferences from an hypothesis, or for that matter in any experiments,
all factors be kept constant except the one variable whose effect
is being tested. Some of Pasteur’s opponents, unconvinced that
the bacteria were the cause of anthrax, drew blood from a sheep
that had died of the disease and injected some of this into rabbits.
These rabbits died promptly, although no anthrax bacteria were
to be found in their bodies, showing, to their way of thinking,
that the bacteria had nothing to do with the death of the sheep.
But they had waited so long before introducing the sheep’s blood
into the rabbits, that putrefaction changes had developed poisons
that killed the rabbits before the anthrax germs had a chance
to multiply. A whole set of new variables had arisen that
vitiated the results of their experiments. . . .
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. . . In 1846, Dr. Marcy of Boston removed a tumour while
the patient was under ether. In 1847, Dr. J. Y. Simpson used
ether and chloroform to relieve suffering in childbirth, and persisted
in spite of tremendous opposition, based on the biblical curse
pronounced on Eve. One would think that so great a scientist
as Dr. Simpson, with his background of experience, would be
open-minded on a scientific problem. Yet he opposed Lister’s
method of antiseptic surgery, biased against Lister apparently
because Lister had devised a method of tying blood-vessels, in
operations, with gut, which replaced Simpson’s method of closing
the vessels with needle-like instrumgnts. Simpson could not free
himself from personal animosities and judge solely on objective
evidence.
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CHAPTER II
MAN AS AN INHABITANT OF THE EARTH
MAN’S IMPORTANCE

THE human race is only one &f the millions of species of
animals that the earth has brought forth; many of which
were in existence long before man appeared. For countless
millenniums after his appearance his numbers were few as
compared with those of other species, but during the last two
centuries human population has increased manyfold in Europe
and America, and there are now portions of these countries
more densely populated by man than it ever was by any
other of the larger animals. However, his total of less than
two billion individuals can be duplicated in numbers by the
lower forms of life found in any small pond, or in a few rods
of soil.

Numbers are an indication of only one kind of importance
of a species as an earth inhabitant. Every species of plant
and animal, in maintaining its own life, affects in some way
the life of every other species, and thus increases or decreases
the total life on the earth. Until comparatively recent times
the new species, man, maintained existence without attaining
prominence among his fellow-creatures. He fed upon natural
plants and some animals were his prey. He lived in favoured
spots, or wandered from place to place in securing food and
other comforts. but did little to disturb the balance of plant
and animal life, or to modify the earth. Probably the earth
was more changed and made more productive through the
earlier ages by the lowly earth-worm than by man.

The progress made by man during the last few millenia,
and especially during the last few centuries, has, however,
been in the direction of power and dominance as an earth-
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dweller. He has decreased and even exterminated many
species of plants and animals, increased others, trans-
formed many by domestication, and has long been changing
species by selective breeding into forms more useful or more
beautiful to him. He is now employing the forces of wind,
water, sun, fire and chemistry to aid in feeding and sheltering
himself, and in extending his rule over the earth and its
inhabitants. He holds in his hands the destiny of every other
species, except, perhaps, some of the microbes and insects
which have such tremendous capacity for reproduction that
his victory over them, alth(';ugh ultimately probable, is not
yet in sight.

These facts justify the claim that of all the earth’s in-
habitants, man is the most powerful and therefore the most
significant subject of scientific research. There are reasons
for believing that during the time of his great advance in
power and position, his essential structure and nature has
remained practically unchanged. It is, therefore, well worth
while to inquire by what qualities and means he has attained
his present supremacy.

PHYSICAL ENDOWMENT

Like all other living things, man is a self-preserving, self-
repairing, self-reproducing organism. In anatomic structure
and modes of functioning, every species differs, but in those
of the mammalian type to which man belongs, the similarities
are marked. In essentials of physiological functions, man is
nearly the same as the higher four-legged species. His four
limbs are more specialized than those of any other quadruped ;
one pair for supporting and transporting the body, and the
other for ready manipulation of things. He has not the
strength of the tiger, the swiftness of the deer, nor the power
of claws and teeth possessed by lions and tigers; but in
skill of hand he has no rival. His senses are in themselves
much the same as those of other mammals, but in variety
and range of vision, in facilities for directing and focusing the
eye, he is superior to all others, though he is surpassed by
many in the ability to use the sense of smell.
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None of the higher mammals are less protected than man
by outer covering against cold and wounds. On the other
hand, the internal mechanism of muscles and nerves for
controlling the parts of the body are more varied and closely
associated than is the case with any other animal. This
superiority is shown in the brain, which serves as a switch-
board for connecting all parts of the body with each other,
and for responding to the stimulation of the surrounding world.
With such a bodily structure, mgn has a versatility and a
unity of action which more than balances his lack of strength
or of formidableness in weapons Of attack and defence.

As a chemical-physical mechanism man depends upon food
and air for the energy which he uses in keeping his bodily
organism functioning, and for muscular activity of all sorts.
As a transformer of food energy into heat and into work
of various kinds, he is not greatly different from other animals,
and not much more efficient than the best steam- or gas-engines
of today.

MENTAL NATURE

In view of the important position man has gained among
earth’s inhabitants without marked superiority in physio-
logical structure, we must conclude that this dominating
position is due to the greater versatility, adaptability and
efficiency of the central office or switchboard within his skull.
The functioning of the human brain in adjusting and directing
bodily organs in the accomplishment of ends favourable to
the continued existence and prominence of man, is what is
implied by the term mental nature of man. This nature may
be studied (1) by observing man’s objective behaviour only ;
by (2) studying his subjective states only ; (3) by concentrating
on the physical and chemical nature of brain functioning ;. or
by (4) using facts from all these fields.

When we observe the behaviour of an individual man in
natural surroundings in competing for food and safety with
squirrels, deer, bears, etc., the mental superiority of the man
does not seem great. If the man wins, it is usually because
he has the aid of other men present, or because he makes
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use of knowledge, weapons, traps or other means previously
prepared by someone else. Evidently he has a kind of
intelligence which enables him to co-operate with his fellow-
men and use their skill and experience in gaining his own
individual ends. It is because of this use of what the race
has learned that man, especially in recent times, has become
the most powerful of all earth’s creatures.

It is not easy to demonstrate in detail the differences in
the intelligence of man as vompared with that of other species.
He is known, however, to have by far the largest and most
complex brain of any animal of his size. Experimental studies
of men and animals show striking similarities in learning to
adapt themselves to situations. In general, animals can do
some things better than man without apparently having to
learn to do them (walk, swim, etc.) ; but man learns a much
greater variety of things and learns many things more rapidly.

The most marked difference is in the extent to which man
learns to guide himself by elements in the situation not present
at the moment. A dog learns quickly to go to an opening
where a certain light is shown and get food ; but if the light
is shown and then turned off for several minutes before he
is allowed to go to the food receptacle, he is likely to be
confused as to its location. In other words, dogs and other
animals direct their behaviour chiefly by present stimuli,
while, as is well known, man is guided largely by absent
stimuli.

This elementary difference is greatly increased by language,
which man has invented. By visual and verbal signs he is
able to suggest things not present that guide the conduct of
himself and others more than things sensed at the moment.
Consequently each man may direct his actions not only by
his own experiences, but he can also make use of the experience
and knowledge of other men. This greatly increases two
possibilities : (a) effective co-operation in using means for
attaining an understood end, and (4) accumulation of know-
ledge of means of successfully meeting situations like those
that have been met by companions and ancestors. An animal
draws upon his native endowment and upon the knowledge
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and wisdom gained from his own rather limited experience,
while man uses the tools others have discovered and made,
and draws upon the illimitable store of knowledge others have
accumulated. An individual man thus equipped does not
have to be greatly superior to an animal in intelligence in
order to dominate him.

With an intelligence such as man possesses certain physical
handicaps have even proved to be of advantage to him. He
is quite inferior to many animals ir means of attack, defence,
and in protection from the cold,and in order to survive he
began to supplement these deficiencies by artificial weapons
and coverings. This started his development in a direction
different from that of any other creature. Animals in a new
environment change not only their behaviour but also their
physiological structure ; while man changes the things in his
environment so as to make them more satisfactory to himself.
As a result, animals produce few and incidental changes in
their environment, while man transforms the surface of the
earth, its stones, trees, plants, animals and rivers, extensively
and consciously in order to give himself all the satisfactions
found in the most favoured regions, and with a minimum
of effort.

This line of development which man has followed because
of comparatively slight differences in type and degree of
intelligence between himself and the animals, has been
furthered by what at first seems like another handicap, ¢.e.
the extreme and continued helplessness of the young of the
human species. Instead of depending upon his native endow-
ment, as is the case with the horse or the pig, the young of
man is started on a course of learning under the tuition of
persons who have learned many things by their own experience
and have drawn upon material resources and the knowledge
and wisdom acquired by their ancestors. The period during
which the child must and may learn is a long one; while in
animal development this period is short and the aid given
by adults is limited to a small portion of their own experience.

Another result of the prolonged period of infancy among
men is that the family unit, which among animals continues
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to exist for a few weeks or a year or two, lasts for a dozen
or more years, if not for life. This not only fosters continued
learning, but renders inevitable continued co-operation
between members of the family group. This in turn prepares
the way for more extensive co-operation of families and
groups of families. By co-operating in securing a common
end, what is impossible to one individual or group is easily
accomplished by using the combined strength and special
skill and knowledge of each. It is through such co-operation
that man has so rapidly gained control over all objects,
creatures, and forces of nature during the last century.

BIOLOGY AND THE SCIENCES OF MAN

As the biological sciences have developed, there has been
a very natural tendency to take the position that as man
is an animal very much like the other of the higher animals,
the various fields of knowledge embraced in the sciences
of man are mere enlargements and specializations of the field
of biological science. Up to a certain point this view is in
accordance with many fundamental truths. Physiologically
man ssan animal, and most of what is true of animals, especially
the mammals, is true of human beings with slight variations
in detail. Mentally the higher animals show many of the
activities and interests of human beings. Socially there are
also resemblances between the family and group life of animals
and of human beings. Some animal groups form customs
(e.¢. an Eskimo dog team) and maintain class distinctions of
dominance and submission, or of equality. Leaders exercise
rudimentary control over the pack. Many animals show
some economic activity in providing food and shelter. The
young animals of some species receive a little schooling in
conformity fo herd law.

In general, animal behaviour is determined by physiological
structure, by physical environment and by the reactions of
other animals. Man is influenced by all these, but still more
by the culture of the group to which he belongs. These
cultures are not determined entirely by experience in reacting
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to the environment; but beliefs in supernatural powers,
cultural traits based on animistic, superstitious, magical and
religious beliefs, and @sthetic, social, and intellectual interests,
all of which play a large part in the life of man. When
scientific knowledge becomes dominant man is influénced by
many phases of the environment that have no effect upon
animal or primitive human behaviour. His reactions are not
controlled by the here and now only, but because of transporta-
tion and communication facilities d,istant stimuli are powerful ;
and because of language, especxally written, the past and the
future control behaviour even more than the present. For
these reasons cultural traits are of more significance in most
of the sciences concerned with man than climatic and bio-
logical factors, although the latter exert a constant influence
that cannot be disregarded.

Man’s development in every line, in its beginnings, resembles
that of animals, but it takes such a different direction and
becomes so dependent upon new and different conditions,
that the truths of biology do not carry us very far into the
complexities of human psychology, sociology, economics,
political economy and ethics. Man, while remaining akin to
" animals physically and mentally, and subject to the same
physical environment, is continually changing that environ-
ment, putting it to new uses, continually adding to knowledge
and experience, and always modifying behaviour by what has
been, and by what it is desired shall be.

The phenomena with which the sciences of man deal are
as different from those of biology as the leaves, blossoms and
fruits of a tree are from the roots upon which their life depend ;
also they are as closely related. The roots of all civilization
are biological, but the sciences concerned with the variqus
activities of civilized man cannot be extensively and correctly
developed from a study of biological phenomena only. Just
as trees are modified, not only by the soil conditions, but also
by outside elements and nearby growths above the ground,
so are human activities modified by man’s inventions and by
his customary organized activities. This involves the con-
sideration of many factors not distinctly biological. The
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phenomena of human living is not, therefore, merely biological
living, but also an immensely varied complex of activities
more or less remotely related to biological processes and
conditions, and directed by the products of past living and
purposes for the future.

" MAN AND CULTURE

The preceding discussion shows us that man is the only
creature in which the past‘gxperience of the species in any
given environment has a dominating influence upon behaviour.
All the material constructions of man and all knowledge of
ways of doing things which are passed on from one generation
to another, constitute what in the social sciences is called
culture. The term as thus used is evidently much broader
than in its ordinary signification of the finer and less necessary
elements of civilized living. It includes, as Folsom points
out: (1) Material constructions such as tools, roads, houses,
etc.; (2) Elements of social structure such as relationships,
governments, etc.; (3) Sentiments or attitudes as to clothes,
conduct, rituals, etc.; (4) Skills in dancing, archery, music,
art ; (5) Symbolic elements such as languages; (6) Beliefs
and knowledge of all sorts.

Each generation is born with natural endowments fitting
it for a certain mode of living, but the special behaviour by
means of which life is maintained and enjoyed, is, in man,
determined chiefly by the culture of the group to which
he belongs rather than by his native endowment and the
natural physical environment. It is because man is a culture-
forming creature and a ready acquirer of the culture by
which he is surrounded, that the biological sciences alone
are jnadequate to interpret and explain man’s nature and his
social development.

MAN’S ORIGIN

Man, like other species, probably evolved from some lower
form of life. In his structure, quality of blood, and in com-
plexity of behaviour, he resembles the ape more than any
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other animal. The resemblance is close enough to justify
the belief that man and the ape descended from a common
ancestor.

The universal tendency of similar individuals to mate,
and of like to produce like, perpetuates separate species of
animals. The observations of one person, therefore, and the
records of centuries of history, make it appear that every
species of plant and animal remains fundamentally the same
generation after generation ; but actually during the ®ons
of earth’s development there have been innumerable and
profound changes and transformations in species. How these
changes have been brought about has long excited theoretical
speculation and, more recently, careful observation and
experimentation.

There is positive evidence that all species are modified by
changed geographical and other conditions. Every species
produces an excess of young, many of which die before
reaching maturity. It is not wholly a matter of chance whigh
ones die. When environment changes, individuals having
different traits survive. By experimental breeding of organisms
for many generations in water of a temperature above their
optimum temperature, those surviving after many generations
were vigorous in water at a temperature which would have
killed their ancestors. Others bred in colder water thrived
in temperatures so low as to have destroyed their ancestors.
By means of such procedure, two distinct varieties have
been produced, one highly resistant to cold and the other
to heat. At first such changes were supposed to be the result
of individual adaptation transmitted to descendants. Another
explanation, however, is now more generally accepted as the
chief cause of species modification. The individuals which
can least endure a given change, such as increased or decreased
heat, die, and only those most resistant survive and proiiuce
descendants. The two varieties are resistant, one to heat
and the other to cold, chiefly because they are descended
from ancestors having that native capacity, rather than
because of their acquiring it by practice in adapting to the
change.
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This theory of environmental change and natural selection
is not, however, sufficient to fully account for the origin of
distinctly different species. Individuals that are descended
from the same ancestors, living in a constant environment,
differ slightly from each other; and since each descendant
has two slightly different parents, it has a chance of getting
slightly different traits from the others of the same parentage.
To produce a new species, however, there must be a union
of individuals differing from each other in a much greater
degree than is found whea both belong to the same variety
of the species. If parents are chosen from widely different
varieties of the same species, the descendants will differ from
each other in a marked degree, yet not enough to give rise to
a new species.

If an attempt is made to interbreed distinct species, there
may be few or no descendants. When there are any, they
are usually incapable of producing young. To produce
individuals differing so greatly from each other as to originate
a new species is not readily accomplished by means available
to man. Nature has undoubtedly produced countless new
species from pre-existing forms of life. This has probably
been accomplished through the combined effects of differences
in the two parents, and of changes in environment that have
taken place during the history of the earth. Researches such
as that of Muller, quoted at the end of this chapter, may be
of great assistance in solving the problem of the origin of
new species. Further archaological studies are likely to give
clearer evidence of man’s origin, essential nature, and ancestral
relationship.
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“ THE METHOD OF EVOIUTION.” By Professor H. J.
MULLER, Univ. of Texas. From Scientific Monthly, December
1929. Quoted by Permission. /]

All modern genetic work converges to show that the heritable
differences between parent and offspring, between brother and
sister, in fact between any organisms which can be crossed, have
their basis in differences in minute self-reproducing bodies called
the genes, located in the nucleus of every cell. The genes them-
selves are too small to be separatcly visible, but hundreds or
thousands of them are linked together into strings, and these
strings of genes, together probably with some accessory material,
are large enough to be seen through the microscope by the
cytologist; they constitute the sausage-shaped bodies called
chromosomes. We know that, ordinarily, each individual gene
in a string is different from every other gene in the same string,
and has its own distinctive réle to play in the incomparably
complicated economy of the cell.

. . . Nevertheless, if one individual differs from another
individual in regard to just one of the genes that do take part,
it will be seen that the given characteristic in the two individuals
will be different, and so, converscly, a difference between two
individuals in regard to a certain characteristic, let us say eye
colour, may be due to a differecnce between just two given genes
in them rather than other gencs. We may then call these for
short the genes “ for brown ’ and ‘“ for blue "’ eycs respectively,
while remembering that really, in both individuals, many other
genes are present also which are hclping to produce the exact
eye colorations seen, but that these other genes happen to be
alike in the two individuals in question, and therefore are not
causing this particular difference, between this brown eye and
this blue eye. :

When two germ-cells that differ in respect to a certain gene,
e.g. the egg having the genc for brown and the sperm that for
blue eyes, fertilize each other, neither gene is lost, but the
resulting individual possesses both genes in every one of his
cells, even though his eyes may show preponderantly the brown
colour, brown being said to be the dominant gene and blue the
recessive. Half the germ-cells formed by an individual of such
mixed composition (‘ heterozygous,” we call him) will carry the
brown gene and not the blue one, the rest carry the blue gene
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and not the brown, and so there is as good a chance for any one
of his children to inherit the blue gene as the brown one. More-
over, it is found that neither the blue gene nor the brown one,
when inherited by the next generation, shows any weakening or
other trace of its former sojourn with a gene of opposite character.
It persists through the gencrations uncontaminated by its
associate-genes. . . .

Most of modern genetics has been occupied with tracing down
the above ‘‘ facts ”’ (if this term may now be used, subject to the
qualifications previously expressed). They relate essentially to
the method of transmission, to later generations, of gene-
differences that are alrcady fqund to exist between individuals.
They show the universality of these differences, their comparative
permanence and their recombining capabilities. But they leave
untouched what now becomes the major question—how do such
differences originate in the first place ? What is the origin of
variation ? .

Each gene-difference arises suddenly and full-fledged, though
we may not be aware of it at once. . . .

The new gene, once it has arisen, is ordinarily as stable as the
old. The change is definite and fixed, evidently of a chemical
nature. Once it has occurred, we have a new mutant gene which
will eventually either spread throughout the population or be
killed off, according to whether the individuals which carry it
reproduce more offspring or fewer. .

. . . In addition to this work, efforts have been by no means
lacking, on the part of numerous investigators, to find the cause,
or a cause, of visible mutations, by trying all sorts of mal-
treatments in the attempt to produce changes. In the course
of this work, animals and plants have been drugged, poisoned,
intoxicated, ethcrized, illuminated, kept in darkness, half-
smothered, painted inside and out, whirled round and round,
shaken violently, vaccinated, mutilated, educated and treated
with everything except affection, from generation to generation.
But their genes seemed to remain oblivious, and they could not
be distracted into making an obvious mistake in the reproduction
of daughter genes just like themselves. The new genes were
exact duplicates of the old ones, showing no demonstrable
mutations, or at most such a scattering few as might have occurred
anyhow.

Either the technique used for finding the mutations was
inadequate or the treatments had little or no effect upon the
composition of the genes, or both, and I am inclined to think
the latter is correct. And yet mutations certainly do happen,
even though rarely. In the examination of over twenty million
fruit-flies, not specially maltreated, over four hundred visible
mutations have been found. These mutations must have causes.
What then can the causes be? What subtle conditions are
they? . ..

The genes are not only protected by a cell membrane but by
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a nuclear membrane inside of that, and possibly again by a
chromosomal envelope of some kind ; they may be well shielded,
therefore, from the reach of any poisonous substances or unusual
products of metabolism. They cannot, however, escape the
interplay of the helter-skelter molecular, atomic and electronic
motions that are continually taking place both within and around
them, on the part of the substances of which they and their
neighbour molecules are naturally composed. . . .

.. . Among the agents of an ultramicroscopically’ random
character, that can strike willy-nilly through living things, causing
drastic atomic changes here and passing everything by unaltered
there—not a ten-thousandth of a millimetre away, there stands
pre-eminently the X- or Y-ray a.d its accomplice, the speeding
electron. There is nothing in protoplasm which can effectually
stop the passage of X-rays or the related waves of shorter wave-
length—gamma and cosmic rays. For the most part, in a cell,
the rays will pass through ; but at isolated, unpredictable spots,
depending upon unknown ‘' chance’ details of energy-con-
figurations, a definite portion, a “ quantum "’ of the rays will be
held up, and part of the energy thus absorbed will issue forth
in a hurtling electron, shot out of the atom that stood in the
way of the radiation. The atom will be changed thereby, and
hence the molecule in which it lies may undergo a change in its
chemical composition. But for every atom thus directly changed
there are thousands of other atoms changed indirectly. . . . If
a gene is a molecule, then, with propertics depending upon its
chemical composition, it can be shot and altered by the electrons
resulting from the absorption of X-rays or rays of shorter wave-
length. The only question would be, can enough mutations be
caused in this way to be detectable by our present methods,
with doses of rays small enough not to kill or sterilize the treated
organism ? . . .

With these points in mind, the author undertook in the fall
of 1926 a series of experiments designed to test the question at
issue. The fruit-fly, Drosophila, was used, since it so easily and
rapidly bred in large numbers and since it rendered possible the
employment of special genetic technique for the finding of
mutations, that had been elaborated in the course of my previous
work on linkage and mutation in this organism. . . .

In these experiments the adult flies—in some cases males,
in other cases females—were placed in gelatin capsules and
subjected to doses of X-rays so strong as to produce partial
sterility, though the other functions of the flies are not noticeably
disturbed by a dose several times stronger than used here. The
treated flies were then bred to untreated mates, and at the same
time numerous control matings of the same genetic type were
carried on for comparison, consisting of untreated males crossed
by untreated females. Thousands of cultures were used in this
and subsequent experiments, in order, if possible, to settle the
matter beyond any doubt.
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All types of mutations large and small, ugly and beautiful,
burst upon the gaze. Flies with bulging eyes or with flat or
dented eyes; flies with white, purple, yellow or brown eyes or
with flat or dented eyes; flies with curly hair, with ruffled hair,
with parted hair, with fine and with coarse hair, and bald flies ;
flies with swollen antenn®, or extra antenn, or legs in place of
antenna ; flies with broad wings, with narrow wings, with
upturned wings, with downturned wings, with outstretched wings,
with truncated wings, with split wings, with spotted wings, with
bloated wings and with virtually no wings at all. Big flies and
little ones, dark ones and light ones, active and sluggish ones,
fertile and sterile ones, long-lived and short-lived ones. Flies
that preferred to stay on the g-ound, flies that did not care about
the light, flies with a mixture'of sex characters, flies that were
especially sensitive to warm weather. They were a motley
throng. What had been done ? The roots of life—the genes—
had indeed been struck, and had yielded.

It must not be supposed that all the above types appeared
congregated together in one family. The vast majority of the
offspring that hatched still appeared quite normal, and it was
only by raking through our thousands of cultures that all these
types were found. But what a difference from the normal
frequency of mutation, which is so painfully low ! By checking
up with the small numbers of mutants found in the numerous
untreated or control cultures, which were bred in parallel, it was
found that the heaviest treatment had increased the frequency
of mutation about 150 times—that is, an increase of 15,000
per cent. . . .

 Note.—Although it cannot be doubted that natural radiation
must be responsible for some mutations in untreated Drosophila,
the question as to whether some other factor or factors cause
the large majority of these ‘ natural’ mutations has, since date
of the above writing, been decisively answered in the affirmative
by experiments and calculations carried out by L. Mott-Smith
of the Rice Institute and the present writer.

H. J. MULLER (Feb. 20, 1930).

‘“ STABILITY.” By Professor T. WiINGaTE Topp, Western
Reserve University. From Scientific Monthly, December
1924. Quoted by Permission.

During recent years it has fallen to my lot to study rather
intensively the variability in pattern of man’s bodily features
and, in order to have some standard of comparison by which
this variability may be judged, I have found it instructive to
use as a contrast the variability in pattern of the bodily features
of other forms of life which are at least similar in design. .
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The example which I propose to take as a test is drawn from
the very core of man’s physical being, namely, the character of
the vertebral column, a feature which every one would admit is
ancient and fundamental. In the chest and loins of a man’s body
there are, as a rule, seventeen separate bones or vertebrz. But
if we enumerate the bones in a large number of human beings,
we find some people who have, not seventeen, but sixteen or
perhaps cighteen vertebrae in this region. This variability in
itself is rather striking, for we have reason to believe that the
earlicst mammals to make their appearance on the earth had
nineteen, whereas certain mammals of today have more than
nineteen, but others have less. . . .

/
VARIABILITY IN NUMBER OF THORACICO-LUMBAR VERTEBRZAZ
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To render clearer the variability in number of thoracico-lumbar
vertebree found in man, I append a chart showing in black
columns the percentage of individuals possessing, respectively,
sixteen, seventeen and eighteen. The series upon which these
observations were made totals about 850 skeletons; there is no
doubt, therefore, of its essential accuracy. The percentage of
individuals possessing eighteen vertebree in chest and loins
is very small, and the percentage with sixteen is negligible.
Now for comparison I have included black columns analysing
the similar bones in existing anthropoid apes. The difference
between all these anthropoid figures and that representing man
is sufficiently distinct. The characteristic of man is his stability
of pattern contrasted with the instability of pattern in the
anthropoids. . . .

‘““A MILLION YEARS OF EVOLUTION IN TOOLS.” By
MiILDRED FAIRcHILD and Dr. HorNELL HARrT, Brynmawr
College. From Scientific Monthly, January 1929. Quoted by
Peymission. .

In the attempt to measure past changes in human culture the
longest and most complete series of data available consists in
the tools with which man has cut and shaped his materials.
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This series extends in unbroken line over immense stretches of
time. . . .

If a quantitative statement of progress in cutting tools is to
be made, the first problem is to arrive at the nearcst feasible
approximation to an objective scale of points by which to rate
such toopls. Analysis indicates that at least five variables enter
into the efficiency of man’s cutting tools: (1) Keenness and
durability of the cutting edge ; (2) differentiation and specializa-
tion ; (3) effectiveness of mechanisms employed to apply the blade
to the materials to be cut; (4) utilization of auxiliary power ;
and (5) mastery displayed in the technique of manufacture. . . .

TABLE I

RATINGS OF THE EFFICIENCY OF CUTTING TOOLS AT
VARIOUS CULTURE EPOCHS FROM EOLITHIC TIMES TO
THE MACHINE AGE
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Machine Age A.D. 1915 20 | 20 | 20 | 20 | 20 | 100
Iron 500 B.C. 16 |15 7| 8] 14| 60
Bronze 2000 B.C. 12 | 13 6 5] 13 49
Copper 4000 B.C. 9| 12 4 2| 12 39
Neolithic 6000 B.C. 71101 4 2| 11 34
Mesolithic 8000 B.C. 5 8 4 2 9 28
Magdalenian 16,000 B.C. 4| 71 2| 2| 8| 23
Solutrian 40,000 B.C. 4| 6| 2| 2 7| =21
Aurignacian 75,000 B.C. 3 6 2 2 5 18
Mousterian 200,000 B.C. 3 2 2 I 4 12
Acheulean 400,000 B.C. 3 2 I ol 3 9
Chellean 600,000 B.C. 2 2 1 o 1 6
Cromerian 850,000 B.C. 2 1 1 o 1 5
Foxhallian 1,150,000 B.C. 2 I o o I 4
Sub-Red Crag 1,300,000 B.C. 2 1| of o I 4

.The above figures given by the authors are, of course, estimates rather

than actual measurements.
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CHAPTER 111

VARIETIES OF THE HUMAN SPECIES AND THEIR
MODES OF LIVING, OR ANTHROPOLOGY AND
ETHNOLOGY \

RACIAL DIFFERENCES AND RESEMBLANCES

SUPERFICIALLY people of various regions are quite unlike,
yet we find no such extremes as in domestic animals, e.g. the
draught-horse and the Shetland pony, the lap-dog and the
Great Dane. No race of men consistently averages above
5 ft. 10 in. in height, and in only a few small tribes is the
average below 5 ft. Hair varies in human beings in colour,
texture and quantity, but there are no fundamental differences
in the bony skeleton, though some races have more individuals
with round heads than others. The comparative size and
shape of the vital organs, the location and connections of the
main nerves and the principal blood-vessels, are practically
the same in all races. Physicians and surgeons make no
more variations in treating Negroes, Whites or Indians than
they do in treating an office worker and an outdoor labourer
of the white race.

This marvellous similarity of all human beings in anatomy
and physiology is probably due in part to the fact that man
has remained in the same geographical region less consistently
than other animals; but chiefly because instead of changing
himself physiologically when in new physical surroundings, he
changes those surroundings to more perfectly match his
essential nature. Such changes are especially necessary as he
goes into regions of extremes in temperature.

Superficial thinkers imagine the future man as losing nearly
all his muscular power because of the development of the
automobile and other substitutes for muscular exertion. Such

41
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speculations show not only lack of a knowledge of heredity,
but failure to allow for the general tendency of man to preserve
his fundamental characteristics. As he uses his muscles less in
work, so much more does he employ them in play. In acting
so as to live and be comfortable and healthy, he inhevitably,
consciously and unconsciously, preserves the typical human
form and functions of parts. However much civilization may
change conditions of living, man will remain much the same
physically and mentally. He is not original enough to make
himself into a different creatare from the man nature
made, but can only refine and specialize himself in various
ways.

The early classification of man into five races on the basis
of colour is partly justified by more careful study of the
characteristics of different peoples. The distinction between
the White or Caucasian race and the Negro or Negroid race,
is pretty definitely drawn when traits other than colour are
considered. The Caucasians have wavy hair, considerable
body hair, narrow nose and generally tall stature ; while the
Negroids have woolly hair, smooth body, broad nose, with
stature variable and colour of skin generally darker than the
Hindu, who is the darkest Caucasian.

In general, the Negroid races inhabit the warmer, moister
regions ; the Mongolian, the drier and less warm regions ;
while the White race usually occupies the colder sections
having greater seasonal changes. The two most important
factors in climate are latitude and elevation. So far as is
known, the oldest civilizations were on the mesas extending
across Southern Europe and Asia. The variations in seasons,
length of day and night, and moisture are less in these regions
than in the forest and grass regions farther from the Equator.

The Mongoloid race is nearer to the Caucasian than to the
Negroid type, having straight hair, little body hair, medium
width nose, and light brown skin. The American Indian or
Red Man is now included in the Mongoloid race, as are also
the Malays.

The Melanesian and Australian are considered Negroid,
although they have some resemblances to the Caucasians.
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The Polynesian, Ainu, and other smaller groups, are of doubtful
classification.

Width of head does not distinguish the chief races from
each other, but it does help to classify Nordic and Mediter-
ranean’ varieties of the Caucasians; also to distinguish Red
Men from the more typical Mongolian variety. The Caucasians
are most consistently a tall race, and are the only race having
a blue-eyed and very white-skinned variety.

There are no marked physiological differences in the races
in rate of breathing, pulse.rate or bodily temperature. Some
evidences of difference in basal metabolism has been found
seemingly independent of food and exercise habits, but it is
not certain that it is an inherited trait. The same may be
said of differences in glandular activity.

How far races may differ in intelligence remains to be
established. The attempt to settle this by weighing brains,
gives variable results, dependent more upon size and indi-
viduality than upon race. When judged by cultural
inventions and success in transforming environment, the
White race has actually achieved more than the Negroid
or Mongoloid, but we have no means of knowing how much
of the difference is due to climatic influences, glandular
activity, or cultural trends and contacts.

Intelligence tests give higher ratings to white than to

coloured people in the United States. The differences are
less when persons of presumably the same social status are
compared, but do not entirely disappear. Either because of
real differences in type of intellectual activity or for other
reasons, negroes rank higher when the tests involve real
objects, than when they deal with abstract symbols.
- Comparisons of various national and racial groups in the
Upited States are of doubtful interpretation, not only because
of differences in language, education and occupation, but
because some groups have a larger proportion of inferior
individuals than do other of the immigrant groups.

Every group has some individuals of unusual size, strength,
agility, intelligence, etc., and others that are markedly inferior.
The chief differences among national and occupational groups
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is that some have a larger number of individuals who are
average or superior in some tested ability than others. To
say that a person is a southern negro or a white common
labourer does not necessarily classify him as to intelligence.
He may be the one in ten of his race or group who is superior
to the average citizen.

VARIETIES OF CULTURES

As already pointed out, instead: of adapting their bodies,
men in a new environment proceed to change that environment
so as to make it serve them. The articles constructed and the
new modes of acting are cumulative, and as a consequence
the cultural differences between the inhabitants of wvarious
regions become infinitely greater than the anatomical and
physiological ones.

A museum visitor in passing from room to room observing
the material constructions of Egyptians, Romans, Greeks,
Africans, Chinese, and Indians, cannot fail to be impressed
with the fact that each is of a different type. The traveller
who visits in out-of-the-way regions, is still more impressed
with differences in customs relating to food, marriage, religion,
morals and government. He is often quite unable to properly
interpret some of the behaviour. Their foods may nauseate
him, their acts of politeness seem to him insults, and their
religious rituals crude or horrible. A psychiatrist who
attempted to deal with the mental disorders of an individual
belonging to a strange cultural group would be hopelessly
perplexed, while the physician could successfully use the
means of cure with which he was already familiar.

Every group of people living for some time in the same
environment develops special customs of dealing with plants,
animals and persons. A few examples from Lowie will show
their extreme diversity. In some places women do all the
milking, but a Zulu will not allow women to go near the
cattle, lest the productivity of the cows be decreased. It is
a sin for an Eskimo to eat venison with seal meat, because
it is believed that this would excite the wrath of the sea-
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goddess and bring some punishment upon the tribe. A Masai
husband and wife must never eat together. Customs as to
parts of body that are covered differ greatly. A nude South
American woman blushed violently when a plug which she
usually wore was removed from her nose. In some places
men have many wives, and in others women have many
husbands. Some tribes insist on chastity before marriage, and
others afterwards. The Gommera order the killing of any
man who reveals the bull-roarer to a woman, and a man in
love with a woman of a forbidden clan commits suicide. In
New Guinea it is a man’s duty to support his sister’s children
rather than his own. A Crow Indian must not speak to
his mother-in-law. Among the Plains Indians, to begin
hunting buffalo before the signal to do so was one of the
most serious of crimes. To catch and eat lice is a pleasant
social pastime among some Eskimos.

At first glance it might appear that such great varieties
of human culture indicate that mentally human beings differ
much more than they do physically. A more careful study
of peoples of all varieties of cultures, however, reveals funda-
mental similarities. All have the same needs and desires and
show a certain amount of intelligence in satisfying them, and
in adjusting their conduct to others. Scientists are becoming
very cautious about comparing the intelligence of the different
races and the value of the cultures each has developed in
its own surroundings.

ANTHROPOLOGY USING SCIENTIFIC METHODS

In any science there is need for an analytical and critical
examination of a great collection of facts in order to find
the most promising ways of classifying them for a more
exact study. This phase of scientific development so prominent
in botany and zoology a hundred years ago, now receives
only a minor proportion of attention. This is partly because
this preliminary work has been done, but more because facts
upon which classification depend are less helpful in under-
standing plant and animal life than was expected. We learn
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little of practical or scientific value by merely determining
the characteristics which distinguish the rose family from
the lily family, or the order Mammalia from the order
Reptilia. More is gained by looking upon all organisms as
being composed of living cells having similar characteristics,
and being influenced in much the same way by environment.
The factors exercising general control over life are found
to be of more significance than the forms of the typical
specimens of each species.

Anthropologists were previously much occupied with such
classifications, but have come to realize the greater advantages
of studying the factors concerned in producing differences in
physiological traits and cultures. For a time they were misled
by the theory that all groups of men must pass through the
same cultural stages, such as the ‘‘stone age’, the “iron
age ”’, the ““ agricultural age ’’ or the “ mechanical age ”’. In
a very general way such terms have a value in characterizing
cultures, but many errors have grown out of the belief in
their universality and in the order in which they become
prominent. Still more misleading is this theory when applied
to special behaviour types. Not until Westermarck pub-
lished his monumental study of marriage, was the idea
that every group of human beings must pass through the
same stages of promiscuity, community of wives, polygamy
and monogamy, abandoned. Much effort was also partly
wasted in searching for primitive forms of religion, language,
etc., from which all others were supposed to have developed.
The way to truth has been cleared by the rather general
abandonment of the theory of universality in origins and
stages of culture.

There has recently been much improvement in methods of
verifying and recording observations. Psychologists have
shown that unless special precautions are taken, observations
of people are less likely to be accurate than those made upon
natural phenomena. In describing people, reports are likely
to be made, not of objective acts, but of subjectively selected
and interpreted traits. Much of the extensive data given by
untrained observers after a limited contact with the peoples
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described is a poor basis upon which to found scientific
knowledge. Notwithstanding this unreliability and inexactness
of the anthropological facts earlier gathered by Spencer, yet
when treated statistically some of them are significant ; for
instance, the frequent combination of pottery manufacture
with the use of maize as a food, and of polygamy with pastoral
life. Careful surveys have also shown that many specimens
and varieties of pottery are found in certain centres, and in
decreasing quantity and variety in places more distant from
this centre. It is often correctly concluded from such studies
that the area of greatest variety and abundance of this
cultural object is a centre from which it was diffused to the
surrounding regions, and that the most widely diffused
variety was the type first originated. The same reasoning
has been used in the study of culture customs. These
assumptions, supported by Wissler and others, have been
shown by Dixon to have many limitations.

The facts regarding culture traits of a people cannot be
interpreted and evaluated separately, but must be considered
in relation to all other traits. The culture of a people is a
complex more or less perfectly balanced. This means, as
Malinowski has shown, that the whole cultural system
of a people must be studied in order to understand the
significance of any one trait. Facts are valuable, not so much
because of their resemblance to those found in other culture
systems, as because of their relation to other facts in the same
system. Such a custom as that of killing aged and helpless
parents may, under certain conditions of tribal life, be found
to mean, not hard-hearted cruelty but real kindness; or
what seems to a Westerner like community of property, may
actually be a system of reciprocity in service and obligations
analogous to our Christmas giving.

Terms used in describing cultures cannot easily be differen-
tiated ; but in general, a cultural trait is relatively elementary,
while “ pattern "’ implies a quality found in several traits, and
“ complex ”’, a group of traits.



48 THE SCIENCES OF MAN IN THE MAKING

FACTORS INVOLVED IN CULTURE DEVELOPMENT

The most important factors to be considered are (1) the
climate and physical conditions of the locality inhabited ;
(2) the plant environment; (3) the animal inhabitants;
(4) human nature and the culture already acquired.

(x) Physical Surroundings and Culture. The direct effects
of temperature, moisture, sunshine, air composition and
pressure, length of day, etc., upon the physiological functionings
of man are considerable, and are still more marked upon
culture. Where all these physical factors remain nearly the
same, there is comparatively little stimulus to physical and
mental activity, and hence to culture development. When
changes are marked, culture develops not merely because
of efforts to make life more comfortable, but because of
the greater mental stimulus. In the drier tropical regions,
where the contrast between bright sunshine and brilliant
starlight are the most prominent daily changes, knowledge of
astronomy and myths associated with the stars are likely to
be features of the cultures of the people inhabiting those
regions. In places where seasonal changes are great, man
must develop cultural types of behaviour adjustments in order
to live and be comfortable, but also he is mentally stimulated
to form mythical or more or less scientific knowledge of these
changes and their causes. Variations in day and night and
winter and summer temperatures, and the phenomena of
storms, lead not only to protective acts but to various
observations and fancies, many of which become prominent
forms of culture. The action of winds, the light and cloud
effects on water, are not without their influence in stimulating
the imagination to form explanatory myths.

It is clear that some kinds of culture could not possibly
originate with, or even be diffused among a people whose
physical environment does not favour them. Ways of dealing
with ice and snow could not originate among dwellers in the
tropics ; nor could myths of mountains and seas be formed
by plains people. The effects of chemical and physical environ-
ment on bodily vigour and culture have been strongly
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emphasized and traced in some detail by Huntington. It is
probable that the relative vigour and intelligence of people
inhabiting certain regions are greatly affected not only by
climate, but by the amount of iodine in water, and the
vitamins'contained in the foods most used. The effectiveness
of these and other influences decreases as man becomes able
to modify his environment.

Material objects prevalent in a given region often determine
the particular form the culture of the people shall take.
Where stones arc plentiful they are often used in forming
tools, utensils and ornaments. In other places shells serve
the same purposes. Where copper is easily accessible it is
likely to be made into utensils, weapons and ornaments, while
in other places iron is employed for similar purposes. The
Eskimo with few suitable stones, no copper, only an occasional
bit of meteoric iron, and a very limited amount of wood,
makes much use of bones, teeth, sinews and skins. When he
obtains the rarer materials he uses them in his own cultural
way, as when he sets a flake of iron in a bone for use as a
knife. The presence of coloured clay is an important factor
in developing the art of pottery-making and in decorating
objects, including the human body.

(2) Plants and Cultures. Plants have played a large part
in the development of culture in all ages and in most regions.
When there is an important food plant in abundance all the
year round, especially if little needs to be done to it before
eating, the development of cultural traits in connection with
it is not marked. Yet there will be knowledge of where it
is plentiful, when it is ripe, various customs as to how
it shall be transported and eaten, what individuals or groups
may use it and under what circumstances, and these may
constitute a definite culture complex.

When the food material must undergo considerable treat-
ment before being eaten, or must be stored for future use,
the cultural traits are more extensive and complex. This
is especially true if it becomes an article of trade among
individuals or between groups. Among all peoples, plants
are used to a greater or less extent for clothing and shelter,

D
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and in every region the forms used and the methods of
preparation are distinctive.

The environment is changed by the agricultural operations of
clearing away non-useful plants and planting those desired.
Such action, with the inevitable choice of specimens to
be planted, results in what is called the domestication of
plants. Even comparatively backward races have sometimes
made profound changes in plant species. The principal grain
foods—rice, rye, wheat, oats, barley, and corn—are all grasses
which have been changed from the original wild species by
domestication.

Of these man-changed food grasses, none have been so
completely modified and specialized as maize, or Indian corn.
There is no wild species that can easily and surely be identified
as the parent of the domestic varieties. Most of these changes
were produced by Indians in various sections of the Americas
before the coming of white men. They developed varieties
of corn able to survive in places marked by extremes of
temperature, length of summer, and kind of soil. Corn
differing from two to ten feet in height, and with ears from
three to thirteen inches long, varieties suitable for eating
when green, for grinding into meal when dry, and for popping,
were produced. Some of these mature in half the time
required for others. Customs of seed selection, depth and
spacing for planting, means of fertilizing, cultivating, gathering
and storing, were distinct culture complexes for each tribe,
and for each variety of corn. The south-western Indians
planted their corn deep in the sandy soil where the variety
used would find its way to the surface through nearly a foot
of sand. Not only were the characteristics of the species corn
and the industrial habits of the people changed in the process
of domestication, but intellectual and religious life .was
modified and moulded, as is shown by the corn myths (some
of which are given in Longfellow’s *“ Hiawatha ’’), and in dances
and religious ceremonials associated with the planting and
gathering of corn.

Plants such as the cocoanut palm, the breadfruit’ palm ;
the banana, apple, cherry and other fruit trees; the grains—
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corn in America, rice in Asia, wheat and barley in Europe ;
fibre plants, such as flax, cotton and hemp ; and trees supplying
barks and woods, have been important factors in the develop-
ment of culture traits, patterns and complexes, distinctive for
each geographical area.

(3) Animals and Culture. In an early stage of human
existence, man was .merely one of many competing species
of animals, some of which were naturally much more powerful
than he, while others were an easy prey for him. Man learned
to preserve himself by the help of stones and sticks, which he
modified in various ways into effective weapons against
dangerous animals, and into means for the capture of both
small and large animals. Myths, legends and folk-lores deal
extensively with animals and their relations to man. They
have profoundly stimulated his inventive imagination, and
coloured his thoughts of heavenly bodies, of spirits and gods,
and of the origin of tribes of men. Some of the animals
figuring in these numerous myths are supposed to be larger,
more powerful or wiser than the present members of the
species ; while others are not like any animals found on the
earth at the present time. We know that myths and lores
regarding the characteristics of certain animals which have
impressed man, e.g. the fox, have persisted for thousands of
years, and it may be that animals now extinct were the source
of stories of dragons and other monsters found in folk-lore.

Whether the product of real experience or of imaginative
invention, there can be no doubt that the presence of animals
in man’s environment, especially the dangerous and domesti-
cated ones, were powerful emotional and intellectual stimuli
to human beings. The beauty of plant and animal life is
reflected in literature and art. Animals supposed to have
special characteristics of greed, slyness or shrewdness, were
influential in determining the epithets applied to individual
men. Clans among Indians are often named after animals,
and members of a clan usually treat animals whose names
they bear, with respect.

Besides these general influences of wild animals upon man,
those which are sources of food, clothing and shelter are of
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especial importance in the culture of many tribes. All the
Plains Indians had a culture dominantly of the bison type;
the Eskimo of the seal and caribou types ; those of the North
Pacific region, of the salmon type; while those of the Lake
and Atlantic coast regions did not have their culture complexes
so completely dominated by any one type of land or water
animal. The deer, the squirrel, the beaver, the fish and some
birds were prominent.

There is evidence that before the dawn of recorded history
many animals were first domesticated as pets or companions ;
some also were later used as means of transportation, and for
providing food, covering and shelter. Evidences of such early
domestication are found in drawings and in the frequent
presence of the bones of men along with those of domestic
animals. In this process of domestication animal species have
been modified into many varieties. In dealing with them,
man has been modified, not only in his behaviour toward them
and the things upon which his and their welfare depend, but
also in his religious thoughts and emotions.

The culture complexes which develop in connection with
the same species of domesticated animal are quite diverse—
the dog may be a companion, protector, helper, hunter,
playmate and friend, or a scarcely endured nuisance. He may
be an important source of food and clothing, or a valuable
means of transportation, either as a pack-animal or as a
drawer of sleds, carts or the travois. The horse is a steed,
a pack-animal, a drawer of various types of vehicles, a source
of food and clothing, and has frequently been used in warfare,
The elephant and the camel play similar roles with special
cultural complexes for each group of people. The cow may
have any of these uses, but in many places is now kept chiefly
as a source of supply of milk. The sheep is a dominant animal
in many regions, although used only for food and clothing.
Other creatures, notably the falcon, have been the cause of
special and extensive culture patterns, which dominated the
thought and behaviour of certain classes. The art of every
nation has been profoundly influenced by animals, especially
the domesticated varieties.
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(4) Human Nature and Culture. Physiologically man has
certain needs such as food, optimum temperature, etc., and
he has natural means (teeth, hands, feet, etc.) of securing
what is needed. He has certain native activity tendencies,
but these are much modified by his own experience and the
reaction of others to what he does. Thus are social customs
and cultures formed which are more dependent on man’s
nature than on his environment of objects, plants and animals.
He is of two sexes, and both for physiological and psychological
reasons this results in mating. He has a long period of infancy,
and this helps to develop the family and other groups. He
has capacity for communicating and co-operating with others,
and thus individual activities are adjusted to those of other
individuals.

The truth that all varieties of the human species are funda-
mentally the same although differing in details, is positively
proven, as Wissler points out, by the fact that all have cultures
of the following types, although no two tribes have exactly
the same culture patterns. (1) All communicate with others
of their group by signs, words, drawings or visual symbols ;
the essential condition in all such communication being that
the persons communicating are similar in nature and experi-
ences so that a part of an experience will suggest the whole.
A gesture connected with food taking, a drawing of a food
object, a sound associated with food taking, or a written
word, may be the means of arousing in the minds of others
ideas of eating. No group of human beings has ever been
found which did not have at least an oral language. (2) Every
group of people has characteristic habits regarding food,
shelter, means of transportation, dress, tools and weapons
used, industries carried on, and ways of co-operating. (3) All
have their special types of art, play, games, amusements,
forms of carving, drawings, paintings, music and dances.
(4) None are without special conceptions of the world in the
form of myths, and of more or less classified and reasoned
knowledge. (5) None are without special ritualistic activities
associated with birth, sickness, death, etc., known as religious
practices. (6) Everywhere are families, initiated and per-
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petuated by some sort of marriage, which involves various
systems of courting, relationship, inheritance and responsi-
bility. (7) Property rights in some form are observed in the
life of all people, and with them are associated systems of
trade and means of determining values. (8) In all groups
larger than the family (an almost universal condition) there
is some sort of government or form of exercising control.

Since these types of culture are found in the most diverse
physical environments, and in every known stage of man'’s
life on the earth, we may be positive that they exist because
man’s nature is what it is. He inevitably develops them
wherever he lives. The special form which the culture takes
among different peoples is, however, largely determined by
the surroundings.

Human Interaction. In the early days when men were few,
their influence upon each other outside the family life was
probably not greater than that of the animals with which
they came in contact; but it has been increasing until now
in the great cities contact with human beings is almost the
sole culture stimulus obtained from living things.

Mating and family life are important factors in the life
of all the higher animals. Instinctively and by habit, they
act in special ways because of the presence of mates, com-
panions and young. In man the influences of family life are
more continuous and much more prolonged, because there are
no definite mating seasons, and because of the extended
helplessness of human young. Besides this, men, much more
than animals, emphasize the natural physiological differences
between the sexes by means of dress, family responsibilities,
and occupations.

Special family organizations are prominent features of the
culture of every tribe that has been studied. Rarely is equality
found between husband and wife, never between parents and
children, and usually not between older and younger children,
or those of different sex. The principle of dominance or
subordination in the relations of human beings to each other,
is in general recognized. This dominance may be founded
upon the natural helplessness of children and the sympathetic
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care-taking tendencies of adults, or upon the tendency of the
strong to dominate, and of the weak to submit. In most
parts of the world adults of both sexes dominate over children,
and the man is usually the head of the family. Such family
customs lead rather naturally to the establishment of more
or less autocratic control by head-men, warriors and rulers
over tribes and nations.

In adulthood, much of the association of persons with each
other may be chiefly of a different type—that of equals with
equals. If one does not take account of the reactions of other
people, when surrounded by equals, he is likely to be thwarted
at every turn in his efforts to get things needed or desired.
Because of this fact, members of a group who remain together
for some time refrain from actions which are resented by
others of equal or greater strength, and increase those which
call forth favourable actions from others. This inevitably
leads to co-operation rather than fighting among those who
belong to the same group. After a time, each knows what
to expect from others and acts accordingly, whether the others
are equals, stronger or weaker. There is disappointment or
resentment when any individual acts contrary to such expecta-
tion. Thus does the idea of justice and right originate and
become an important part of the culture of every group.
These ideas of what one should do in various situations and
relations are never exactly the same in different parts of the
world, but in every permanent group they are connected with
customs which, of all that have been tried, are regarded as
most satisfactory.

In the development of these approved customs, rights and
obligations are always closely related. If you control an
individual’s time and effort, you must feed or pay him; if
you get food and care from parents, you must obey them ;
if you take fruit from another’s tree, you must permit him
to take from yours; if he loans you a boat, you must give
him some of the fish you catch, etc.

The social and moral traits of a tribe can never be under-
stood by studying their acts or customs singly, but only by
studying the whole system of customs. These are always
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found to secure some sort of balance between rights and
obligations of the various individuals and social groups. Such
a balance must be recognized, because any great variation is
corrected sooner or later, either by rebellion of the less favoured,
or by the self-interest of the dominant ones. Even a slave-
owner is limited by self-interest in what he may do to his
slaves. .

Origin and Spread of Cultures. The origin and spread of
culture depends upon three principal factors, as Dixon shows.
(1) There must be something in the environment and in the
previous culture which makes the new object, symbol or
custom possible. Boats could never originate from, or diffuse
into, a desert region; the word kilowatt, among a people
with no knowledge of electricity ; nor an eight-hour-day law,
where there are no organized industries. (2) Not only must
there be facilities in the surroundings and culture patterns
for originating and recciving a new culture trait or complex,
but there must be members of the group intelligent enough
to invent, or to lead in using what is introduced from without.
(3) The trait must be useful or in some way attractive to many
members of the group, else the inventor or introducer will
not be able to secure its adoption. In a large proportion of
cases, after its invention or adoption, a cultural trait undergoes
development changes in form or in its grouping with other
traits. The theory that the spread of cultures is in concentric
circles often fails to conform to the facts because of the
influence of the above factors upon the acceptance of culture
traits brought to a group. Nor is it certain that the places
where the most highly developed traits are found was the
centre of origin. The evidence that a given place was the
centre for the diffusion of a trait is greater, if various stages
of its development are represented there. However, even then
it may be possible that the latest form of the trait was brought
to that place, then degenerated for lack of skill in construction,
imitation, or use. This fact that culture traits may decline
instead of developing into more specialized perfectly functioning
types, renders conclusions as to what traits are older difficult
of determination.
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Tendencies of Cultures to Persist. Formerly there was much
talk about the ‘“ lost arts ”’; but now it is believed that the
only way any cultural trait could be completely lost, would be
in an isolated tribe which became extinct before it had contacts
with other inhabitants of the earth. Languages may become
““ dead ”’, in the sense that they are no longer used, more readily
than any other forms of culture; yet rarely do they * die ”
without having produced some changes in languages that are
still in use. Art objects of certain materials and designs cease
to be made, but usually leave their mark upon those that take
their place. Religions and rituals survive in spite of many
changes in environment, and some of their characteristics are
assimilated by-surviving religions.  Superstitions have not
wholly lost their power even after generations of scientific
teaching. Weapons, utensils, and machines change in material
and form, but each new type is a development from those
previously constructed. (Note the resemblance of the early rail-
way cars and automobiles to horse-drawn vehicles.) Family,
social, economic and ethical customs are especially persistent.

Every discovery, invention, and habit of an individual
which is of sufficient interest to others to lead a whole group
to adopt it as a cultural trait, has in it a more or less universal
appeal. Such cultural traits of a group constitute the most
influential portion of the environment of the new generation
of the same people, and have a stimulating influence upon
surrounding groups. Adults naturally continue habits once
formed, and the imitativeness of children and the prestige
of parents almost insure the perpetuation of customs in
succeeding generations. It follows, therefore, that cultural
traits once established tend to remain the same so long as
the group to which they belong stays in the same physical
environment and makes no new contacts with other groups.

Factors Favouring Culture Changes. Opposed to these
general influences toward preservation of cultures are factors
favouring change—(1) experimentation by children and young
people ; (2) discoveries and inventions by talented individuals ;
(3) modification in conduct by powerful leaders; (4) changes
in general or special economic conditions ; and (5) finally and
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chiefly, contacts with outside cultures. In an isolated group
the first four factors are rarely strong enough to do more than
improve upon cultural types without radically changing them.
Changes in population affecting economic conditions are some-
times great enough to affect all phases of social life. In general,
better economic conditions favour  increase of population,
except when standards of living increase more rapidly than
the population. If there are two or more classes nearly equal
in numbers or power so as to provide constant competition,
the probabilities of change are much greater than when one
class fully dominates the other. If the people migrate to a
new environment or if a new kind of domestic plant or animal,
weapon, utensil or religion is brought from without, there are
sure to be modifications of cultural traits, and sometimes of
many of the cultural complexes associated with them; but
usually the utilitarian traits are adopted earlier than the
social or religious patterns associated therewith: e.g. the
Indians’ methods of planting and using corn were adopted by
whites without the religious ceremonies.

During the historical period, changes in the culture of a
people have been stimulated most by contacts with people
of other cultures. In nearly all cases the influence of great
leaders has played a conspicuous part in modifying and
perfecting cultural traits already present. Such leaders may
be inventors of devices or religions, but are frequently those
whose personalities give them power and prestige in inducing
others to adopt new traits originated by other individuals of
their group, or taken over from some other group.

Development of Cultures. Every culture trait is the result
of adaptation of a group of people to the exigencies of life
presented by their physical, plant, animal and human environ-
ment, and conditioned by traits and complexes already
existing. With so many factors involved, the chief similarity
in order of development that may be expected is that the
simpler forms will be produced earlier in the centres of origin,
and will become more complex and more closely integrated
into tribal patterns and complexes as time goes on. When
a trait is introduced from without, not infrequently its most
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complex form is adopted, but the integration with other
tribal traits is likely to remain imperfect for some time, e.g.
guns and automobiles may be used by people who have no
knowledge of the principles involved in their construction and
operation. Chapin finds many facts in support of the theory
that old customs dominate in a new situation for a time,
followed by more or less random or trial changes, which after
a time give way to a uniform and more satisfactory adjustment.
This is best shown in the development of utilitarian and legal
customs.

The construction and use of a bow presents little perceptible
uniformity of development among different peoples. The
materials of which the bows and arrows are constructed
depend much upon the materials found in the locality ; the
size, form, etc., depend upon their uses and the skill and
ingenuity of their makers. The use of poisoned arrows would
not ordinarily be a development from using heavier blunt or
sharp arrows that kill, but might well develop in one tribe
from coming in contact with another that used poisoned
arrows in a blow-gun, especially if there were large animals
that could not be killed by direct arrow wounds. The cross-
bow, on the other hand, is an undoubted instance of develop-
ment from a simpler form. Only under certain conditions,
such as a need for it in warfare, and facility in the use of
mechanical appliances, would it become a weapon of the type
used in medizval warfare. A spring-gun might be considered
as a more complex form of the blow-gun, but it could not be
invented where there was only slight knowledge of mechanics.
However far advanced in mechanical knowledge and skill a
people might be, the modern gun would never have appeared
without knowledge of explosives and their use for other
purposes. No kind of propulsive weapon or machine will
survive when introduced from without, unless it either con-
tinues to be obtainable by trade, or the knowledge and skill
necessary to produce it is acquired.

What is true of weapons is true of all significant culture
traits. A people cannot be accurately classified as to degree
of general culture development by such terms as the hunting,
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the pastoral, or the agricultural stage, etc. These may vary
greatly in complexity, or several of the types may be com-
bined. A mechanical stage of development is, however,
necessarily a more advanced and complex development than
a tool age. Characterization by some much used material,
such as stone age, bronze age, iron age, is not significant in
itself ; but in general more varieties of knowledge and skill
are likely to be associated with the construction of iron tools,
than with stone or copper ones. Some tribes using no iron,
however, have more varied and complex cultures than others
making use of it, e.g. the Eskimo, without metals, has developed
rather complex traits and patterns in using skins, bones and
tusks of the animals of his region.

In the light of such facts as these, it is clear that the idea
of a fixed order of culturc development cannot be used as a
safe guide in anthropological studies. It is much more
profitable to study the effects of local surroundings, of group
contacts and of cultures already developed.

The factors concerned in the development of material
cultural objects that are chiefly utilitarian and many of the
complexes associated with them, are comparatively easy to
study. But many of the culture traits associated with objects
of use, and shown in all sorts of customs and rituals, are not
the product of material surroundings, but of the human
imagination which has peopled the world with spirits, and
coloured all things by mental attitudes of approval and
disapproval. It is therefore necessary to give some space to
forms of culture not directly objective in origin.

Subjective Attitudes and Cultures. In the healthy reactions of
anthropologists against unscientific subjective and theoretical
explanations of the origin of cultural traits and complexes, an
important characteristic of human nature may not be gjven
sufficient weight. Man has the capacity to observe his mental
states, as well as to perceive and react to the things affecting
his senses. His own feelings when manipulating things, are
often more interesting to him than the things themselves or
the changes he produces in them. This subjective interest
seems to be very prominent in children in their earliest
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voluntary movements. People are of great interest to them
also, because their acts bring relief from pain, and pleasant
experiences of various kinds. From his own experience, the
child finds that by making certain motions he may change
one feeling into another more pleasing : hence these motions
are made frequently to effect such changes. He naturally
infers that people in- performing certain acts, get the same
feeling that he does. He thus gets the idea of purpose as the
important factor in action. Much of what people do affects
his comfort, so it is of advantage to him to know what they
are going to do, especially when his acts and desires may be
thwarted or modified by theirs. Trying to anticipate objective
movements to be performed, teaches him to look for signs
of purpose in others. Thus he can more effectively meet
human situations than by waiting until people have per-
formed an act before he responds to it. This tendency to
think of the actions of sclf and other human beings in terms
of purpose developed in childhood, continues in adult life and
is often so strong that it is readily carried over into experiences
with animals; often also to observed changes in plants,
clouds, heavenly bodies and fire; and not infrequently to
falling stones and other changing objects. Man has, therefore,
always been surrounded by a subjective world projected from
his own conscious states.

This subjective world has had a profound influence upon
the behaviour of men individually and as groups. Good and
evil spirits are conceived as animating plants and animals,
and sometimes even non-material objects. This immaterial
world has played a large part in man’s religious practices and
beliefs, his myths, his literature and art, and has influenced
and sometimes almost completely dominated his practical
conduct in many important phases of life. It has developed
in him all sorts of taboos and rituals in relation to plants,
animals, and natural phenomena, especially at critical times
of planting, harvesting, going on expeditions or beginning
construction, and in emergencies of birth, death, sickness and
marriage. Not man’s conduct alone has been modified and
directed in important ways by superstitions and religious
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beliefs, but also his ways of thinking and of reasoning about
the world, and about all things.

Magical Thinking. Fundamentally all thinking is based on
the idea that things associated in time or place, or resembling
each other in appearance, are, or may be, causally related.
These assumptions are used uncritically in magical thinking,
while in scientific thinking they are carefully tested by observa-
tion and experience. Common sense uses experience as a
check, but uses it less accurately than science. In magical
thinking there are usually no tests used, or they are non-
conclusive because of beliefs that invisible spirits, as well
as things, are concerned in happenings. Signs, protective
talismans, magic words or formulas, and rituals are sometimes
employed because of chance coincidences ; yet most of them
originate in, or are made to seem probable by reasoning
based upon some fact of contiguity or similarity in the things,
or in the assumed spirit of the things. A barren woman must
not be concerned with the planting of seed, lest it be unpro-
ductive ; the crop will be good if the motion made in sowing
is like that of a well-grown field of grain waving in the wind,
etc. Sickness may be cured by a medicine resembling some
symptom of the disease; the red planet Mars is connected
with war, so is any one born under it ; the heart of a brave
man, when eaten, will give courage to the one eating it, etc.

The evidence of a universal human tendency to make such
inferences is found in common folk-lore everywhere, and in the
early behaviour of all children. A child who imitates some
feature of an act of his elders, or uses something resembling
an object they have used, attains in imagination, and some-
times actually, the ends he has seen gained by them, e.g. a
child imitating an automobile driver. Among all people
objects which have belonged to some great individual, or
were found where he lived, are of the greatest interest and
value. It is only a short step from the treasuring of souvenirs
to using them for the cure of disease, for protection against
danger, or as a means of attaining success in all sorts of
undertakings. Civilized people are in part restrained from
taking this step because of their more complete knowledge of
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causes and of known relation of means to ends ; but whenever
people lack this knowledge the tendency to superstitious and
magical thinking asserts itself. In games of chance and in
all new ventures, magical means of insuring good fortune are
universally invoked in some form. Even the results of
scientific research are made use of in similar ways, e.g. the
powerful but unseen force of electricity is the basis of countless
fake cures for disease, and of false logic regarding thought
transference.

Religious Cultures. Religion, so universal among all peoples,
is the inevitable result of attempts to adjust to the serious situa-
tions of life by some sort of appeal to unseen spirits associated
with things and events. In dealing with plants, animals and
forces of nature, North American Indians and most savage
tribes believe that spirits must be invoked when anything
is done in relation to them. For example, if an individual
bear is killed, the spirit of bears as a species must be pro-
pitiated. With most primitive peoples rituals are, therefore,
a prominent feature of daily life, especially in affairs of
importance.

The more the knowledge of natural causes acquired through
observation and scientific study, the fewer are the occasions
for the use of magic objects, rituals and prayers. Such
increased knowledge has resulted in a very great decrease
of religious performances among civilized peoples in the last
century ; but since man will always be faced by mysteries,
and subject to uncontrollable and terrible experiences, religious
rites are likely to continue to be used for protection and
comfort in great emergencies. Religious culture is as surely
the outgrowth of man’s nature as are tools, machines, social
customs and political organizations.
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From “ ANTHROPOLOGY.” By A.L. KrROEBER. 1923. London:
George G. Harrap & Co. Ltd. New York: Harcourt, Brace
& Co., Inc. Quoted by Permission.

After showing the probable order in which four types of ritual
culture developed among California Indians (assuming that the
one most generally found in all the tribes was the oldest), Kroeber
attempts to determine the probable age of these rituals in the
following ways :

California began to be settled about 1770. The last tribes
werc not brought into contact with the white men until 1850.
As early, however, as 1540 Alarcon rowed and towed up the
lower Colorado and wrote an account of the tribes he encountered
there. Two years later, Cabrillo visited the coast and island
tribes of southern California, and wintered among them. In
1579 Drake spent some weeks on shore among the central
Californians and a member of his crew has left a brief but spirited
description of them. In all three instances these old accounts of
native customs tally with remarkable fidelity with all that has
been ascertained in regard to the recent tribes of the same
regions. That is, native culture has evidently changed very
little since the sixteenth century. The local sub-cultures already
showed substantially their present form ; which means that the
Fourth Period must have been well established three to four
centuries ago. We might then assign to this period about double
the time which has elapsed since the explorers visited California ;
say seven hundred years. This seems a conservative figure,
which would put the commencement of the Fourth Period
somewhere about A.D. 1200.

All the remainder must be reconstruction by projection. In
most parts of the world for which there are continuous records,
it is found that civilization usually changes more rapidly as
time goes on. While this is not a rigorous law, it is a prevailing
tendency. However, let us apply this principle with reserve,
and assume that the Third Period was no longer than the Fourth.
Another seven hundred years would carry back to A.p. 500.

Now, however, it seems reasonable to begin to lengthen our
periods somewhat. For the Second, a thousand years does not
appear excessive: approximately from 500 B.C. to A.D. j500.
By the same logic the First Period should be allowed from a
thousand to fifteen hundred years. It might be wisest to set
no beginning at all, since our ‘* First ** Period is only the first

64
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of those which are determinable with present knowledge. Actually
it may have been preceded by a still more primitive era on which
as yet no specific evidence is available. It can, however, be
suggested that by 2,000 or 1,500 B.c. the beginnings of native
Californian culture as we know it had already been made. . .

The archzologists have tried to compute the age of Ellis
Landing mound in another way. When it was first examined
there were near its top about fifteen shallow depressions. These
appear to be the remains of the pits over which the Indians
were wont to build their dwellings. A native household averages
about seven inmates. One may thus estimate a population of about
100 souls. Numerous quadruped bones in the mound prove that
these people hunted; net sinkers, that they fished; mortars
and pestles, that they consumed acorns and other seeds. Accord-
ingly, only part of their subsistence, and probably the minor
part, was derived from molluscs. Fifty mussels a day for a
man, woman and child seem a fair estimate of what their shell-
fish food is likely to have aggregated. This would mean that the
shells of 5,000 mussels would accumulate on the site daily.
Laboratory experiments prove that 5,000 such shells, with the
addition of the same percentage of ash and soil as occurs in the
mound, all crushed down to the same consistency of compactness
as the body of the mound exhibits, occupy a volume of a cubic
foot. This being the daily increment, the growth of the mound
would be in the neighbourhood of 365 feet per year. Now the
deposit contains roughly a million and a quarter cubic feet.
Dividing this figure by 365, one obtains about 3,500 as the
presumable number of years required to accumulate the mound.

This result may not be accepted too literally. It is the result
of a calculation with several factors, each of which is only
tentative. Had the population been 200 instead of 100, the
deposit would, with the other terms of the computation remaining
the same, have built up twice as fast, and the 3,500 years would
have to be cut in half. On the other hand, it has been assumed
that occupation of the site was continuous through the year.
Yet all that is known of the habits of the Indians makes it
probable that the mound inhabitants were accustomed to go up
in the hills and camp about half of the time. Allowance for this
factor would double the 3,500 years. All that is maintained
for the computed age is that it represents a conscientious and
conservative endeavour to draw a conclusion from all available
sources of knowledge, and that it seems to hit as near the truth
as a’calculation of this sort can.

One verification has been attempted. Sample of mound
material, taken randomly from different parts, indicate that
14 per cent of its weight, or about 7,000 tons, are ashes. If the
mound is 3,500 years old, the ashes were deposited at the rate
of two tons a year, or about eleven pounds daily. Experiments
with the woods growing in the neighbourhood have shown that
they yield less than one per cent of ash. The eleven daily pounds

E
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must therefore have come from 1,200 pounds of wood. On the
assumption, as before, that the population averaged fifteen
families, the one-fifteenth share of each household would be
eighty pounds daily. This is a pretty good load of firewood
for a woman to carry on her back, and with the Indians’ habit
of nursing their fires economically, especially along a timberless
shore, eighty pounds seem a liberal allowance to satisfy all
their requirements for heating and cooking. If they managed
to get along on less than eighty pounds per hut, the mound age
would be correspondingly greater.

This check calculation thus verifies the former estimate rather
reasonably. It does not seem rash to set down three to four
thousand years as the indicated age of the mound.

This double archzological conclusion tallies as closely as one
could wish with the results derived from the ethnological method
of estimating antiquity from the degree and putative rapidity of
cultural change. Both methods carry the First traceable Period
back to about 1,500 or 2,000 B.C.

“RACIAL GROUPS IN A UNIVERSITY.” By Prof. EDWARD
Cary Havges, Univ. of lllinois. From Scientific Monthly,
February 1928. Quoted by Permission.

In view of the discussion of racial traits by a great company
of writers, from Gobineau and Vacher de Lapouge to Wiggam
and Madison Grant, and in view of current fears as to the
mongrelizing of our stock, it occurred to the writer to study
the racial groups represented in the University of Illinois. The
number of students is sufficiently large to have significance.
The individuals are tested for four years in similar pursuits.
They come after twelve years of similar schooling. Against such
a background of cultural similarity, racial traits might be
expected to stand out definitely.

The university department of hygiene which examines every
student admitted was asked to record for each student the
measurements from which cephalic index is computed, eye
colour and hair colour, distinguishing a number of grades of
each, stature, build and racial parentage, as understood by the
matriculant.

After thousands of these records had accumulated, a graduate
student, Mr. George M. Proctor, was asked to sort out the records
of the first hundred Nordics, the first hundred Alpines, the ‘first
hundred Mediterraneans, and of all the Chinese, other foreigners,
Jews and Negroes encountered. However much doubt there may
be as to whether his Nordics, Alpines and Mediterraneans are
actually pure-bred representatives of distinct racial stocks, there
is no doubt that they are as distinctively classifiable by race as
white American citizens ever are.

The investigator was directed to give primary importance to
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cephalic index and secondary importance to eye colour. Hair
colour and stature were recognized as less significant but treated
as corroborative evidence when, for example, blond hair and
high stature accompanied a dolichocephalic index and blue eyes,
or when medium stature, stocky build and chestnut hair accom-
panied a brachycephalic index and hazel eyes. The race of
their parents as given by the students, and their names were
also treated as having some corroborative value.

The first result of his investigation was that relatively few of
the students at this university could be definitely assigned to
any racial group. Our student population is very thoroughly
mixed in blood and is descended mainly from European popula-
tions, each of which is very mixed.

The second fact disclosed was that of those who could be so
classified an overwhelming majority were Nordics. Mr. Proctor
classified as Nordics about one-tenth of the first thousand, but
after going through the records for eleven thousand students, he
had found only seventy-two whom he felt confident in classifying
as Alpines and only ten whom he could classify with confidence
as Mediterraneans. Italian parentage and name were not proof
of membership in the Mediterranean race. There is too much
Lombard and Alpine blood in Italy, and too much departure
from characteristic Mediterranean traits was found among those
who call themselves Italians.

The Jews were a racially heterogencous group. Thirty-four
per cent of them had grey, blue or greenish eyes, two had red
hair. In respect to cephalic index they were distributed pretty
evenly all the way from 725 to 88-6, that is from those very
decidedly dolichocephalic, through sub-dolichocephalic, meso-
cephalic, sub-brachycephalic, to very decided brachycephalic.
They showed no tendency to centre about a cephalic type. Many
of the Jews are indistinguishable in appearance from other
Americans. Others among them ‘‘ look Jewish ", that is foreign.
The foreignness is often Syrian or Hittite, rather often Spanish.
So far as this group of ninety-three indicates, they do not
represent a racial type.

The 435 students included in the seven groups treated as
classifiable had a scholastic average distinctly below that of the
racially unclassifiable mass of students in the university. In
this institution a student’s grade is computed by counting a
grade of A equal to 5, B equal to 4, C equal to 3, D equal to 2
and E equal to 1. E is failure. Each course grade is multiplied
by the number of hours’ credit given for the course. The sum
of these products is divided by the student’s total number of
credit hours to give his average grade. The average of all the
men in the university is found each semester by averaging the
averages of a thousand men selected at random. In the nine
semesters ending January 1925, the average grade of all men
has ranged from 3-157 to 3-314. The average of the nine semesters
has been 3-235.
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The 435 students belonging to classifiable groups taken together
had for their entire time of their residence at the university an
average scholastic grade of 2:934. To one familiar with our
grading system this is a marked inferiority.

The seven classifiable groups had the following averages :

Chinese . . . . . . . 335
Jews . . . . . . . 318
Nordics . . . 300
Foreign students, excludmg thnese . . 300
Alpines . . . . . . . 204
Mediterraneans . . . . . . 283
Negroes . . 255

Only the Chinese equal the average for un