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2 What Are
Anrhropological

Dara ?

® The subject of anthropology is limited only by man.
—A. Kroeber

2.1 INTRODUCTION

This chapter begins in backward fashion. Rather than considering what data are,
we must first peruse what data are not. For one thing, the word "'data” is not
singular; "datum’ is the singular form, although this term is rarely used in
statistical contexts. So, statements about a set of measurements are properly
worded "the data are...” rather than “the datais...."

More importantly, even though anthropology is generally defined as the study
of people, people do not constitute the data of anthropology. People are people.
What anthropologists study are observations about people rather than the
people themselves. Along this same line, skufls and bones are not the data of
physical anthropology any more than artifacts, temple tombs, or housepits are
the data of archaeology. Data are not people, objects, or things; data are counts,
measurements, and observations made on people, objects, and things. Twenty
Neanderthal crania are not in themselves a set of data; the cranial capacities,
cranial lengths, or nasal widths of these skulls comprise the data. There are no
data until an anthropologist observes them. Data do not passively exist. Data
must be generated.

A couple of major points follow from this active definition of data. For one
thing, those who would accuse anthropologisis of "using people as data”
neither understand what data are nor how they are collected. Clearly, an-
thropologists manipulate observations (the real/ data), not people.

Secondly, data can hardly be destroyed once they are generated. A society
might become extinct, an archaeological site may be bulldozed to make way for
a parking lot, a skeletal series might be lost or destroyed, but all these disasters
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accur only to people or objects or things, not to data. One case in point is the
strange, unfimshed saga of the famous Peking man fossils, which has been
related in marvelous detail by Harry L. Shapiro (1971). At this writing, the fossils

are lost 1o science, their whereabouts unknown. The fossils disappeared in 1941
when a Japanese invasion of the Chinese mainland seemed imminent. Professor
Franz Weidenreich, who had been studying the fossils at the Peking Union
Medical College, was forced to flee to the United States, crating the Sinan-
thropus fossils for secret transport. But they disappeared. It appeared for a
while as though the fossils might have been lost overboard during loading onto
the S5.S. President Harrison. But new evidence has recently come to light
indicating that the fossils safely reached Camp Holcombe in Chinwangtao,
whare Japanese soldiers confiscated and apparently ransacked the crates. The
tossils may have been discarded as worthless junk. But there is also the
possibility that some of the crates—those destined for shipment to a Swiss
warahouse, the Pasteur Institute, and the homes of reliable citizens in Tientsin—
were stored in Chinese warehouses, or perhaps even taken to Tokyo as war
booty {(as was the Solo skull, which had been taken from G. H. R. von
Koenigswald in a Japanese prison camp). Perhaps the fossils miraculously
reached the United States and wilt someday surface. But, even assuming the
worst—that the fossils were totally destroyed—the data on Sinanthropus have
not been lost to science because detailed measurements, photographs, and
observations were published by Weidenreich in 1943.

in order to actually "destroy data,’”” one would have to destroy every original
and every copy of the published descriptions, a virtual impossibility. Whatever
the fate of the fossils, the Peking man data remain as viable as the day the finds
were first analyzed. Of course, if the original fossils could be found, then new
data could be generated, using modern techniques developed in the three
decades since the fossils disappeared.

Data can also take a number of forms. Data can be recorded as counts or as
measurements or as observations. Data can also be generated from other data,
as with ratios and paowers. Data can be in the form of variables and constants,
variates and populations, samples and statistics. This chapter is concerned
primarily with how the individual observations—the ‘“raw' data—are trans-
formed into statistically meaningful forms, a discussion which supplies the
foundation for much of statistical theory.

2.2 CONSTANTS AND VARIABLES

@® Freedom is the freedom to say that two plus two makes four. If
that is granted, all else follows.—G. Orwell

Phiiosopher Bertrand Russeil once pointed out that the reason some people
have 80 mueh trouble understanding what X means is that X doesn’t mean
anyihing ot all. X 18 nothing but a symbol, and symbols assume meaning only
after they are assigned to a particular characteristic. Symbols such as X, Y, and
» have no natural or necessary relationship to their assigned referent. Symbols
are marely arbitrary notations.

Anihropology 18 often concerned with the meaning and significance of
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symbols. In fact, there is even a movement within modern ethnology whose
adherents term themselves '‘symbolic anthropologists.”” Symbols pervade our
everyday life to such an extent that we cannot think without them. Leslie White
(1940) has gone so far as to term symbols "'basic units of all human behavior and
civilization . . . the symbol is the universe of humanity.”

But if symbols are truly basic to humanity, then why do so many humans
(especially social science undergraduates) seem to fear X ? X is just a symbol.
Why should X be any more terrifying a symbol than, say, a stop sign, the peace
sign, or the Star of David? A recent report by the Mathematical Association of
America cautioned statistics instructors to allow for "symbol shock” suffered by
many introductory college students. The problem, of course, is that X belongs
to a very special class of symbols—mathematical symbois—and a large seg-
ment of the Western population has been covertly programmed to fear the
encroachment of mathematical logic and methodology. Nowhere is this aver-
sion to mathematical symbolism seen more clearly than in the application of
statistical methods to social science. Perhaps by looking more closely at what
statistical symbols actually symbolize, we can make some inroads at dispelling
“symbol shock.”

The most elementary use of mathematical symbols is to denote a constant. In
this case, the symbol and its referent have a one-to-one relationship.

A constant is a quantity (denoted by a symbol) which can assume only one
value.

Mathematics is rife with constants, often assigned a conventional symbol.

r=3.14159265 {ratio of diameter to circumference)
e=2.71828183 (base of natural logarithms)

Constants are named according to scientific convention rather than because of
any natural isomorphism between the symbol and its characteristic. The Greek
letter 7 is no more suitable to designate 3.14159265 than is any other symbol.
Anthropology has its share of constants too, but the symbols for these
constants are more tractable than those of mathematics. Since each specimen
of Homo sapiens has exactly two ears, for example, we could say that 2 is a
constant for our species. Ego has precisely two biological parenis or four
biological grandparents, so these numbers are other biological constants. But
anthropological constants need not always be so trivial. Naroll's constant, for
example, attempts to relate the floor area of a settlement to the size of human
population tiving in that area. In general, the population of a given settlement is
about one-tenth of the floor area, expressed in square meters (Naroll 1962a):

population = 0.10 (floor area in square meters)

Naroll’s constant (¢ = 0.10) is particularly useful to archaeologists; once the
floor area of a prehistoric settlement or structure is known, the prehistoric
population can be estimated. At the Thomas Riggs site in South Dakota, for
example, a longhouse was excavated which covered about 260 square meters.
Applying Naroll's constant,

population = 0.10 (260 m?)
= 26.0 individuals
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Naroll's constant thus estimates the prehistoric population of the structure at
the Thomas Riggs site to be about 26 people. The longhouse contained four
hearths, so if each hearth served a single nuclear family, the average family size
must have been about 6.5 people. This estimate corresponds closely with the
known ethnographic information for this area, and provides some support for
the proposition that Naroll’'s constant is in fact relatively constant (that is,
invariant).

Another useful constant in anthropology is Shapiro’'s constant for cranial
deformation (Shapiro 1929). Artificial deformation of the skull is a cultural trait
worldwide in its distribution, with the primary occurrence in pre-Columbian
America (especially among the Classic Maya), Peru, and the American South-
west. The specifics vary from region to region, but in all cases the infant’s skull
was altered to correspond with the local ethnic conception of beauty. Some-
times the skull was simply flattened by pressure from a cradleboard, while other
groups deformed the frontal portion of the skull as well. The difficulty for
physical anthropologists is that the cultural deformation of crania renders many
anthropometric measurements virtually useless for comparison to undeformed
skulls. Because of the frequency of artificial deformation, the craniometry of
several areas of the world was simply unknown.

Shapiro attacked this problem by reasoning that while the shape of the cranial
vault is drastically altered by deformation, the facial and frontal areas are left
essentially unchanged, even in highly deformed skulls. Thus, the diameter from
basion to nasion ought to reflect undeformed cranial characteristics even in
deformed skulls, although the cranial length would be much too short (Fig. 2.1).
This relatively constant basion-nasion diameter could then be used to correct
the deformed length. Shapiro tested his idea upon a series of 1400 undeformed
skulls from throughout the world, and computed a “‘constant’:

cranial length = 1.49 (basion-nasion diameter}

For every unit change in cranial length, there is a corresponding change of
roughly 1.49 units in the basion-nasion diameter. To obtain the corrected head
length, the difference between the averages of the basion-nasion diameter in
deformed and undeformed crania is multiplied by Shapiro’s constant (¢ = 1.49).
This product is then subtracted from the undeformed head length to obtain an
estimate for length in deformed crania. Earnest Hooton (1930:39) provides the
following example to illustrate how Shapiro's constant enabled him to correct
for cranial deformation in the skeletons from the Pecos Pueblio in central New
Mexico:

Cranial length (undeformed males), mm 175.74
Cranial length (deformed males) (?)

Basion-nasion diameter (undeformed males), mm 102.70
Basion-nasion diameter (deformed males), mm 101.58

The difference in basion-nasion diameter between the deformed and unde-
formed crania is

101.58-102.70 = —1.12 mm
which corrects to — 1.67 mm when multiplied by Shapiro’s constant (¢ = 1.49).




What Are Anthropological Data? 11

Lambda
Orbitale

Nasion

Bregma

Alveolarg

Infradentale

Grathion Glabella

Nasion

Dacryaon
Frankfurt

Horizontal

Nasospinale
Zygomaxillare
Alvadare

Infradentale

Mentale

Gnathion

Fig. 2.1 Principal craniometric points and measurements of the human skull (after
Brothwell 1963:fig. 33).

When this correction factor is added to the undeformed cranial length, the
corrected head length of the deformed series can be estimated to be 174.07 mm.
Hooton used Shapiro’s constant to correct for deformation in over 300 crania,
which otherwise would have been useless for further comparative analysis.

Symbols can thus denote a handy set of constants, but symbols are even more
frequently used in statistics to denote variables. Most people know that
variables are what scientists observe, and variables are most commonly as-
signed conventional letter symbols such as X, Y, or 2 What makes variables
different from constants is that while constants must remain constant, variables
vary.

A variable is a measurable quantity (represented by a symbol) which is free to
assume more than one value.

By this definition, variables must always have at least two "'states” or potential
values.

A variate is an individual measurement of a variable.

Variables are thus abstractions, while the real data of anthropology consist of
variates—the observations themselves and their measurements.

Cranial capacity is an example of a variable, which we can symbolize by the
term X (or any other symbol). When dealing with a series of measurements, the
variates are often denoted by the symbol X, (read as "X sub i}, where i is a
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subscript specific to each variate. The cranial capacities of four individual
Neanderthal skulls can be conveniently recorded in this shorthand (data from
Coan 1971a table 39):

Specimen Symbol  Variate cc
La Ferrassie | X, = 1641
Spy 1 X, = 15825
Spy 2 Xs = 1425
Gibraltar X, = 1300

Using this symbolic form of notation, one can summarize even massive sets of
variates with relative ease.

All variables vary, but it is important to note that ail variables do not share the
same underlying mathematical structure. Some variates are exact observations,
while other variates are mere approximations of unknown measurements. A
variable is called discrete if it can assume only certain fixed, predetermined
values. "Number of teeth per species” is a discrete variable, for instance. We
know that some primitive mammals had 44 teeth and that some varieties of
South American monkeys have 36 teeth, while others have 32 teeth. Both
humans and apes generally have 32 teeth. This variable is discrete because
tooth number can assume only certain values—in this case, positive integers—
even though the number of teeth varies between species. We can eliminate on
logical grounds the possibility of ever discovering a mammalian skull with
exactly 33.38 teeth. Teeth may be broken, of course, but we can be certain that,
regardless of the true number before breakage, the total number was a positive
integer. Thus, discrete variables are always exact measurements.

Mast discrete variables common to anthropology are counts: the number of
sacral vertebrae in gorilla, the number of sites located in an archaeological
survey, the number of individuals whom ego calls FaBr, the total number of
female children born in society Y during the last calendar year. Each case
involves exact whole number measurements, but not all discrete variables are
counts. Expected Mendelian genetic frequencies can generally assume only a
few fixed values, such as 3:1, 2:1, or 9:3:3:1. These ratios are not free to
assume all possible intervening values, so Mendelian ratios are also discrete
variables.

Variables are termed continuous if the variates can logically assume anv
interval of measurement. The precision of observations generally determines
which measurement interval should be applied, and these intervals are mere
approximations. Discrete variables are always exact, but a continuous variabie
can never be exact because its measurement is an approximation. The cranial
capacity of the La Ferrassie | Neanderthal skull, for instance, was .estimated at
1641 cc (cubic centimeters). Unlike a discrete variable, cranial capacity is
perfectly free to assume any possible value measurable in cubic centimeters.
Thare would be no objection to a variate of 1641.2 cc oreven 1641.34920593 cc,
provided the measurements could be sufficiently accurate.

Continuous variables generally involve variates measured by common physi-
oul unite: time; length, or mass. Body stature, body weight, the average score on
the Graduate Record Examination, population density, daily caloric intake, and
birth rate are &l gontinuous variables because the final figure is determined by
the accuracy of measurement rather than by logic.
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Sometimes a continuous variable might be purposely defined as discrete.

"The relative degree to which a society depends upon animal husbandry,” for
example, is a continuous variable measured as a percentage. But because of the
difficulty in estimating accurately, and also to facilitate coding upon computer
punch cards, column 10 in the Ethnographic Atlas (Murdock 1967) lists the
variable "relative dependence upon animal husbandry” in ten categories:

0 0-5 percent
1 6-15 percent
2 16-25 percent

9 86-100 percent

The opposite situation can also occur: A seemingly discrete variable can be
refined into a continuousvariable, and this is precisely what happened in the case
of measuring human skin color. For decades, physical anthropologists charac-
terized skin color by discrete categories such as "“very light,” "'light,” “inter-
mediate,"” "'dark,"” and *'very dark."" But a reflectometer has recently been used to
measure light reflectance from human skin. The darker the skin, the more light is
absorbed; therefore skin color can now be characterized by “'the percent of light
reflectance,” a continuous variable which allows for greater precision and
objectivity. There are even laboratory methods for determining the precise
amount of melanin present in human skin, but these techniques remain
impractical for massive population surveys.

The refinement of discrete variables into more precise, continuous variables
is sometimes considered an obvious sign of progress in science. But one must
remember that while each method of testing may purport to characterize a
variable such as ‘'skin color,” a change in measuring technique usually involves
a new operational definition of the variable. The skin color determined by visual
inspection does not exactly correspond to skin color measured by reflectometer
readings. Caution must be exercised when comparing findings resulting from
different techniques.

® SYMBOL, Nn. Something that is supposed to typify or stand for
something. Many symbols are mere “survivals’'—things which
having no longer any utility continue to exist because we have
inherited the tendency to make them: as funereal urns carved
on memorial monuments. They were once real urns holding
the ashes of the dead. We cannot stop making them, but we
can give them a name which conceals our helplessness.
—A. Bierce

2.3 OPERATIONALLY DEFINING THE VARIABLES
OF ANTHROPOLOGY

Much of the literature of modern science is involved with describing conditions
and outcomes of experimentation. As long as the scientist has properly reported
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his experiments, other investigators should be able to repeat the initial proce-
dures and obtain similar results. Science is grounded in establishing the
repeatability of results, and these procedures apply to some anthropological
research, especially in genetic and dietary studies conducted by physical
anthropologists. But as Pelto (1970:48-49) has pointed out, anthropological
data are not always coliected as the result of experimentation, but are collected
frequently through the systematic observation of unusual, aperiodic events
such as ceremonies, kinship interactions, subsistence practices, and even
disasters such as floods or fires. When dealing with phenomena of this sort,
anthropotogists cannot provide for true repeatability of observation, no matter
how well the field techniques are described. in fact, the very nature of some
anthropological research—particularly in  archaeology and hominid
paleontology—involves the destruction of archaeological and paleontological
sites during the process of data extraction. Pelto suggests that rather than
attempt to refine experimental repeatability, anthropologists should address
themselves to a more realistic proposition: "if another observer had been at the
particular event, and if he used the same technique, would he have obtained the
same results?” (Pelto 1970:49). The true test of adequate definition and
technique in anthropology often involves objectivity rather than strict repeat-
ability.

Some anthropologists, of course, still object to quantification and statistical
manipulation of anthropological data in any form. Social phenomena are too
complex, too subjective—the argument goes—to be approached in a ‘'scien-
tific” (that is, objective) manner. What these skeptics overlook is that the larger
the errors involved, the more imperative become statistical methods. Statistics
is often called the science of variability, so clearly the mere presence of error
in no way vitiates use of statistical procedures. In fact, statistical methods
were developed to meet the needs of those who must deal with imperfect
data.

But all treatments of anthropological data, whether statistical or otherwise,
can have no more validity than the basic definition of concepts. The most
important criterion for adequate operational definition requires one to specify
the procedures or processes through which data have been generated. Opera-
tions should be so specified that the same procedures can be repeated “'in an
unbiased manner by an intelligent person after a period of training” (Krumbein
and Graybill 1965:69). But it is impractical (and, in fact, impossible) to define
every term operationally, since there must always be certain “'primitive” terms
which remain undefined. Physicists have difficulty in defining absolutes such as
time, length, and mass. But anthropological definitions can neatiy sidestep such
difficulties by simply taking given primitive terms and using them as undefined
physical terms to build operational criteria relevant to anthropology (Harris
1964:3-6). Rather than consider at length the theory behind a good operational
definition, let us examine some practical attempts by anthropologists to clarify
their definitions operationally.

@® No member of a crew is praised for the rugged individuality of
his rowing.—R. Emerson
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#4.1 Operationally Defining Acculturation

# Mudy of rural Buganda in Uganda, Robbins and Polinac (1969) attempted to
Ish the relationship between drinking patterns and acculturation. Not only
#lgoholic consumption in Buganda considered to be an overt symptom of
shie disorder, but also the actual mechanisms involved in drinking behavior
thought to be indications of more far-reaching social changes. The
dworker can readily define and observe alcoholic consumption, but the
groblem of operationally defining acculturation is a more elusive task. Robbins
ik Pollnac decided that “‘degree of acculturation” should be considered as
:tl 1 ho major aspects in the overall acculturation process: the self-identification of
mlormants with Western society (as seen through the use of materiai items) and
neral exposure to Western behavior and values (through formal education).
© achieve a rough approximation of the various acculturative factors operating
within Bugandan society, the researchers devised a survey questionnaire
Involving a variety of economic and social topics. This questionnaire was
administered to 109 randomly selected househoulds in six rural villages of
Buganda.

From these results, Robbins and Polinac abstracted criteria to distinguish
iraditional from acculturated households. The pilot study provided investigators
wilth empirical evidence on Bugandan acculturation. The scale items consisted
ol 25 discrete variables, each readily observable by the ethnographer (Table
2.1). Each item is an indicator of westernization, and can be answered only by
one of two possible responses: acculturational or traditional (this is why they
are discrete variables). Ownership of common items of material culture—
clocks, radios, stoves, and the like—indicates Western influence, while the
relative degree to which the kanzu (native dress) was worn indicates traditional
behavior. The sum of the acculturative responses thus proves an operational
measure of westernization within any Bugandan household.

Using this scheme, independent workers should be able to scale any house-
hold from “highly acculturational to “'highly traditional" with a high degree of
accuracy and repeatability. This ordinal scale (see Section 2.4.2) could in turn
be compared to various aspects of drinking behavior (beverage preference,
degree of alcoholic consumption, and various material aspects involved with
drinking, such as bar furniture). Not only does the Robbins-Pollnac accultura-
tion scale satisfactorily describe the processes used to rank households, but the
items are also explicitly defined so the results can be repeated by other
independent investigators.

2.3.2 Operationally Defining Projectile Point Attributes

The initial step in most archaeological analyses involves classifying the artifacts
into rough categories. This preliminary classification is undertaken for several
purposes: to condense the data, to establish time markers for dating the sites, to
determine functional artifact types, perhaps even to reflect prehistoric "“mental
templates’ reputed to exist in the mind of the maker. Regardless of the motive
for classification, archaeological typology is always based upon the relatively
fine-grained analysis and grouping of variables.
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TABLE 2.1 Acculturation Scale Items for Bugandan Households (after Robbins and
Polinac 1969: table 1).

The ability to read Luganda.
. The ability to speak English.
The ability to read English.
. Education of spouse, one or more years.
Education of spouse, four or rmore years.
Education of spouse, nine or more years.
Owns clock.
. Owns watch.
. Owns radio.
. Owns iron.
. Owns stove.
. Respondent thinks it is proper for the husband and wife to eat at the same table.
. Wearing Kanzu (native dress) at home with relatives and friends or when visiting
relatives and friends (trad.).
14. Wearing Kanzu to work, to the local market, to towns and cities (trad.).
15. Wearing Kanzu all of the time (trad.).
16. Prefers drinking from a glass instead of gourd.
17. Has been to the bank to do business.
18. Goes to the cinema.
19. Purchases and reads magazines.
20. Visits Kampala (city).
21. Likes to straighten hair.
22. Presence of pnotographs on the inside walls.
23. Education of respondent one or moare years.
24. Education of respondent four or more years.
25. Education of respondent nine or more years.

o~ oo AW —
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Sometimes these variables are quite crude and can be readily defined
operationally: artifact length and width (as measured by vernier calipers),
weight (as determined by a three-beam laboratory balance), color (as measured
by a Munsell color chart), and so forth. But few archaeologists limit their
analyses to such straightforward and easily defined attributes. Significant
variables are more often rather subjective in nature, and observation becomes a
matter of past experience rather than objectivity. Consider the projectile points
in Fig. 2.2. Is artifact (a) basally indented? What about artifact (b)? Is projectile
point (e) a basally notched point, or is it corner-notched? What about artifact
(d)? Such questions cannot be answered objectively until we know how the
variables are defined operationally. Such impressionistic variables are often
defined by the naming process itself: basal indention means just that; corner-
notched points appear just as the name implies; side-notched artifacts are
notched from the side. Not only are these definitions circular, but they are also
not operational because we are not told just how to determine the amount of
basal indention or corner-notching in given artifacts.

Operational definitions must tell other researchers exactly how the variables
are defined and measured:

axial length
total length

basal indention = basal indention ratio =
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BIR- .80 BIR=.81 BIR=1.00
BASAL INDENTION RATIO (BIR)

DSA=220° DSA=140° D8A=180°
DISTAL SHOULDER ANGLE (DSA)

PSA=1107 PSA=90"
PROXIMAL SHOULDER ANGLE (PSA)

Fig. 2.2 Operational definitions of projectile point attributes (after Thomas 1970: fig. 2).

The variable "basal indention” is defined as the ratio (BIR) of two other
continuous variables, “axial length” and “‘total length.” “"Total length” (L), in
turn, is defined as the longest dimension of the projectile point. ""Axial length”
(L.} is the distance along the line of symmetry (the midline). “Length” is a
primitive term and hence is undefined. We’ll let the physicists worry about that!
Basal indention is thus operationally defined by two simple and relatively
objective measurements. The measurement BIR = 1.00 {Fig. 2.2(c)] indicates
that the point is not at all basally indented, but BIR = 0.80 [Fig. 2.2(a)] denotes a
nigh degree of basal indention. The smaller the BIR, the more an artifact is
basally indented. After a little practice, any novice can determine a BIR
measurement as accurately as the most grizzled dirt archaeologist.

Notching position is a trickier attribute to define operationally. Rather than
leal with position of notching directly, we must define a totally new variable, the
(istal Shoulder Angle (DSA). In this case, DSA has not been assigned a written
iefinition, but is defined graphically in Fig. 2.2. This case illustrates that good
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operational definitions need only be objective, and not necessarily stated in
words. Discussing projectile point morphology in terms of such operational
variables obviates the use of vague categories such as ‘‘corner-notching,”
side-notching,”” and so forth, since we now have more precise methods of
expression. Furthermore, DSA is on the interval scale of measurement (defined
in Section 2.4.3) and is amenable to more sophisticated quantitative analysis
than are mere categories.

2.3.3 Operationally Defining Cranial Measurements

Nowhere in anthropology has the operational definition of variables progressed
so far as in craniometry—the measurement and analysis of human skulls. in fact,
there are even those who suggest that craniometry has progressed too far (for
example, Boyd 1950) and that excessive zeal in measuring human skulls has
unduly overshadowed other lines of study in physical anthropology. Perhaps
this is true, for surely no portion of mammalian anatomy has been more
extensively probed, poked, X-rayed, and photographed than the human skull.

The recording of cranial measurements seems to date back to Petrus Camper,
an eighteenth-century Dutch anthropologist who measured the degree of facial
angle in order to determine the amount of prognathism of the human skull
(Hulse 1963:427). But Camper's work and most subsequent attempts were
rather clumsy approximations and quite lacking in precision. The problem of
establishing objective cranial measurements was discussed in 1884 at the
Congress of the International Anthropological Association in Frankfurt. A
standardized plane of reference for craniometry, the so-called Frankfurt Hori-
zontal (FH), was established as the piane defined by the left and right poria, and
the right orbitale (see Fig. 2.1). Since that time, the phrase "measured in the
Frankfurt horizontal” has assured that common cranial measurements are
indeed comparable.

But the definition of the Frankfurt horizontal is itself dependent upon the
objective placement of the two cranial reference points: the porion and the
orbitale. Krogman has operationally defined these terms as follows (1962:
316-317):

arbitale: The lowest point on the lower margin of the orbit.
porion: Most [ateral point on the roof of the external auditory meatus (bony
ear hole).

Both definitions contain primitive terms (“lowest point,” “lower margin,” "'most
lateral point’’) which must themselves be undefined. Figure 2.1 presents these
and other cranial reference points in common use by modern physical an-
thropologists.

2.4 LEVELS OF MEASUREMENT

if anthropologists measured only skulls, then almost all relevant variables could
be expressed in metric units such as millimeters, cubic centimeters, or degrees
of arc. But the study of mankind embraces a range of topics and specialized
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subject matter, and such purity of measurement does not exist. In fact, most
observations in social science are not measurements at all, strictly speaking, but
are rather counts or ranked orderings. In order to cope adequately with the
diversity of anthropological data, it is necessary to consider the common scales
of measurement: their definition, their properties, and their restrictions.

2.4.1 Nominal Scale

The most elementary measuring operation involves the sorting of individual
objects into homogeneous categories. This procedure (classification) is a
necessary first step in nearly all social, biological or physical sciences, and
many branches of science—especially the social sciences—have yet to evolve
beyond the stage of primitive item classification. Although classification must
never be treated as an end in itself, few worthwhile projects in science can
proceed until individual phenomena can be treated in operational classes rather
than as mere raw variates.

In nominal scales, symbols are assigned to categories which represent the
range of possible values any given variate might take. These symbols are often
words, such as ‘‘male’ and “female” or "left” and "right,” but other symbols
such as numbers, pictures, colors, or even simple signs (+, —, and *) can label
nominal categories. Creating a nominal scale involves merely assigning sym-
bols to categories, subject to only one rule: Do not assign the same symbol to
different categories, or different symbols to the same category (Stevens 1951). In
a more formal sense, a nominal scale requires only that the classification be
exhaustive (classify all possible items in the array) and mutually exclusive
(classify each item into only one category). Beyond these elementary restric-
tions, anything goes on the nominal scale.

The nominal scale is anthropology's most primitive form of measurement, but
this simplicity must not be allowed to obscure the practical difficulties and
pitfalls involved in applying the nominal scale to real data. Numerals, for
instance, are sometimes used to symbolize a set of nominal classes. The mere
application of a numeral to a class, however, in no way justifies the use of
ordinary arithmetic operations on that scale. It is arithmetically possible, for
example, to add several license plate numbers, but the outcome is logically
absurd. The arithmetic manipulation of any nominal scale, regardless of the
symbol, is meaningless because nominal scales reflect only differences in kind,
not of degree.

Some variables can be characterized in a number of different ways—that.is,
on several different nominal scales. “Blood type,” for instance, has been
observed on literally dozens of operational scales: ABO system, MN system, P
system, Lutheran system, Lewis system, Duffy system, Kidd system, and Diego
system, to name but a few. Each scheme defines its own categories and each
involves a different nominal scale. These scales may or may not be independent.
Which scale is selected usually depends upon a variety of factors such as the
exact objectives of research, feasibility, cost, and previous experience. But once
a given scale has been selected, the operational definitions of a successful
classification divide all possible variates into exhaustive and mutually exclu-
sive categories. Table 2.2 presents several examples of other nominal scales
commonly used in modern anthropology.
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As mentioned earlier, operational definitions vary in both precision and
accuracy. The ABO blood-grouping system is virtually infallible, since classifica-
tion depends strictly upon the comparison of the antigen-antibody reaction of a
drop of blood. "Sex' is another nominal scale which is relatively clear-cut,
although there are a few borderline cases. But dichotomizing a lithic tool
assemblage into “‘core’’ and ‘‘flake" tools, or estimating the predominant
familial organization within a given society can introduce a high degree of
personal judgment and intuition. Obviously, such cases involve nominal scales
which are neither totally exhaustive nor completely mutuailly exclusive. But
these difficulties arise as a result of inadequate definition of categories (a strictly
antfiropological matter) rather than from any inherent insufficiency in the
mathematical grounding of nominal scales.

2.4.2 Ordinal Scale

An ordinal (or ranked) scale involves a relevant ordering of discrete categories
into a meaningful sequence, obviously a significant logical advance over mere
classification on the nominal level. Ordinal categories rank classes along a
continuum, but the distance between each category in the continuum is either
unknown or undefined because of imprecise measurement techniques or some
quality inherent in the variable. It is impossible to specify how much of a
variable each ordinal category represents.

Ordinal scales possess all properties of nominal scales, but have the addi-
tional property of asymmetry. That is, if the ordinal relations indicate that A > B
and B > C, then it must follow that A > C. In the case of ethnographic settlement
pattern (Table 2.3), we know that since B (fully migratory) is less sedentary than
H (separated hamlets), and since H is less sedentary than N (neighborhoods of
dispersed homesteads), then B must also be less sedentary than N. But note
that there is no indication in this—or in any other—ordinal scale regarding the
magnitude of difference between categories. "Separated hamlets” are not
necessarily twice as sedentary as “fully migratory,” any more than “separated
hamiets’’ are half as sedentary as “‘neighborhoods of dispersed homesteads."
Because equal distances between ordinal categories can never be assumed, it is
improper to add two ordinal scores, or to attempt to take an average of an
ordinal scale. A large body of "rank-order statistics’’ has evolved to handle
problems on the ordinal scale (as discussed in Chapters 12 and 14).

The line between nominal and ordinal scales occasionally becomes fuzzy and
indistinct. Peruvian archaeologists, for example, sometimes classify their sites
as “‘ceramic" or “preceramic.” This distinction can be applied as a simple
descriptive label, without necessary implications of chronological priority. This is a
nominal scale. But when presence of pottery is used to seriate sites into a
temporal sequence, then a rank ordering is definitely implied and the scale
becomes ordinal. These distinctions are discussed in more detail when non-
parametric statistics are considered.

2.4.3 Interval Scale

A scale of measurement is termed interval if it possesses all the properties of an
ordinal scale but also implies equal distances between the symbols. A weather-




What Are Anthropological Data? 23

‘abe jo sieak Qg 1aue ‘S| ey} ‘ebe p|o Ul pawlioiad

‘abe jo sieok g 01 5z wouy ‘st eyy ‘Ajunew Buunp pelwloed

‘abe jo sieah gz 01 9| wWoyy ‘s} jey) 'pooyynpe Aues Buunp pewloped
-abe jo sieak g O} || woif ‘S| ey} 'sousassjope Buunp pawliojied

‘abe Jo siealk us) 0} XIS WO 'SI JBY) '‘POOYPIIYD 8| Buunp pawlojad
‘afie Jo sieak anly 0) oM} Woly ‘S| 1eyl ‘pooyp(iyo Ajsee Buunp pawiopsd
‘afe Jo sieak om) 0] SYIUOW Om] WwoJy ‘st jey) ‘Aouejul Buunp pswioped
"SUIUOW OM] 1811 B} UM ‘S| JBU]} ‘YUiq 19Ye K[Loys pauliopad
‘paonoedd Ajjesauab jou 1o jussqy

'97Z1s AJUNWWOD Yuim
S|eap | g UWN|Oo 82Uls ‘pejedipul Ajpjeiedas jou ase uonendod
jo suopefaibbe uequn ‘syejwey a)|ejes 4o spearsawoy BulApno yum
umo] 1o abey|ia pajesjonu e jo Bunsisuoo syuswees xajdwoy
‘siesh may fuana payiys
S| uonedo} asoum sabejja ‘st jeu) 'sjuswsiles Jusuewsadwl 1ng Pedwo)
‘sumo) 1o sabejpn
pajes|onu ‘si Jey) 'Siuswa|es Jusuewiad f@aneial pue jpedwo)
‘@ourWNYysues} Buunp
‘ajdwexe 4o} 'sdwes Bunylys Adnooo oy Ajjeuosess spedsp uonendod
ay} jo uoiuodoud (enueisgns e yoiym woly wewapes a|bujs e Ajusuewiiad
ssa| 10 alow Adnooo Oym JO SUOSESS juaiaylp JB Judwanes paxiy
J8yjOuE 0] SUO WO YIUS Siaquaw asoym Seijiunwwod Aejuapasiwes
‘'siauenb Jauim paidnooso Auaiinoel ‘ejdwexa Joj ‘'SUOSESS U0
UOSEas aWOS e JusLejllas paxij 8 Adnooo ing Jead ayj ey 1ses| je
40} Spueq Ul JBPUBM SI2QLUSLL SSOUM SB1}IUNWWIOD JIPBLIOUIWSES
‘speajsawoy Ajiwey pasiadsip jo spooyioqubiap
‘Apunwwos a|buls
JusuewIed SS9] JO 8I0W B WIOJ YINS |BIDASS 8iaym S1a|Wwey pajesedsg
‘spueq 2\pewou Jo fiojesBiw Ajjnyg

O~ N < W W

(seny
oydesbouyz ‘g "j00)
.suonemnuw [eyuab spep,

(sepy
aiydesbouyiy ‘o€ 109}
ujened juswaiyesg,,

uonuysq [euonelad) uowwos

loguisg

3|qBLEA

ABojodoiyjuy u| s8jBIS |BUIPIO) UOWWOY 3WOS €' I18VL




(S¢2:0.61 0|9y layeE)
,SSUlB|} [BSBU UBWINY,,

° g o (€52:0261 Ose) saye)
papnTy Ayl e

LJULOY ey uBwNg

uoniuysqg feuonesdg UoWWOT joqwAig 2jgeLBA =
o~

(p.Juod) g7 21qeL

o G-
e e e e e e - - - — ~ — — S V-




‘seor|d 01ba1BAS
3B 1819nbuod Jo 8)A1S |BINJOB}ILSIE Ul SHO) JO UONONJISUOD 1}S8nbuod
J0 @ouapias ‘syiom uonebiy sasus)xe !siejusd UsSMIB(] SPEOI JO BouUsSald
'SSe|0 Jeddn u] UDWILIOD UOB|IINW YI00) PUB UOIJEWIOIEP peay
‘uopeziieioeds [BuOEANO00 S1BDIPUI SHEIO ‘9injoaiydle Jo Ajwdojiun
pue uononiisuoo pauueld moys sbulpying ongnd Ss)iunwWwWos
a)lj@es Jo Ayoyduils aaljejel pue | Jelded,, 1B sulewal uasmiaq JSeiiuo)
‘Buiuuejd moys seale |eluowassd Juswsbuele
pauJayed aABY 8U0}S JO SCOPE JO §8INJONIIS 8SNOY UOWWOD ||8ys
paaesbua ‘sojesouw ‘ainid|nos auois ‘snieis ybiy Aien Jo saaeib mey e
8ARY 58(48)8Was [S9IEM |BIUOLWBIDD PUB UBMEB|NN OJUl UCHEBIUSISYIP
fuenod ‘esnjal uoneygey wisl-6uo) (SYJOMULIES) SBINJONIS |EILOWAIAYD
‘uowwoo syd syoen 1o
oBe101S '9)qRUIADSIP AJAIIOR |BIUOLIRIED JO 8duUapIA® [A18)awad ul 8q
Aew |euNg 10 ‘eBe|IA Ul saaesf pale|os| liSylouE suo O} uone|as ul
pewaned seimonss asnoy uowwod spiaysjod uiyy syusodap ssnjay
‘(¢ ueweys) you Ajensnun seaelb jeuoiseoso
‘UOWWOo2 suopednooo aABD (Pasn alem SUSPPILW |j8ys ‘aaoqe
UBY] SUOIIB|INWINDO. USPPIL J9%21U] ‘U0l}ednoo0 |BUOSESS O SUOIIROIPU|
(Buniom upjs pue Bupjew Aneyseq j08)al) sajpesu
pue Sjme !syjeay paulj-sucis pue syusws|dwy Buipuub-pooy 'sj00}
pazijeioads aiow ‘sadA) 10BjIUE 211S14810BIBYD JO UOIINGIISIP PeliLl| 8Jop
'S10BJILE MB)
B PUB seuoq S|ew|ue pauing Jo }(ds {[eodaseyo 10 yse jo Buiisisuoo
‘AQiueos 1saq je 1o 8jgejoaepun uolednooo Jo 8susapiae ‘Ajjusnbaly paaow
yotym sdwes !Ljeisea uy paywi| pue ainjeu ul sjdwis ale jey) saedhy 1oejue
JO uonNquisip apim ‘uoifies jo uonednooo |ejjul Juesaldal pinoys Sulewsy

pajeiBoiul
Jegjonueldng

peJajuad
JE8|DNU PEOUBAPY

paJajued
Jesjonu gjdung

Aieyuspes
jusuewIsdiwes

Buapuem

8seg-|eiius)

Buiiepuem pajoinsey

(9¥1-GEL ‘956 | Asjspieeg)
Bulispuem 9.4 . Buiuenied Anunwwon

25




26

man who describes the daily temperature in New York City as "cold, cool, mild,
or hot" is operating on an ordinal scale, since the distances between the
categories are not specified. But if these identical temperatures were expressed
in degrees Fahrenheit, the scale would be interval because each symbol
(degree) represents exactly the same temperature interval as every other
degree. We could say, for instance, that the difference in temperature between
70 and 75F is exactly equal to the difference between 95 and 100F. In the strict
sense, interval scales are the first truly quantitative measures we have
discussed—ordinal and nominal scales are generally considered qualitative—
and most statistical and arithmetic manipulations are applicable to interval
variates. Interval scale variates may be added or subtracted, and the addition of
a constant does not change the internal relationships of such scales.

Few interval level measures are more intrinsically interesting than the Maya
calendrical system. The Maya calendar crops up several times in this text; not
only does the system have chronological significance but it also has arithmetic
properties that are common to all interval scales. The basic element of the Maya
calendar is the day (kin), and days can be grouped into several larger temporal
divisions:

20 kins =1 uinal, or 20 days

18 winals =1 tun, or 360 days

20 tuns =1 katun, or 7200 days

20 katuns = 1 baktun, or 144,000 days

Groupings such as these are impossible on both the nominal and the ordinal
scales because exact intervals are required between each basic category (see
Coe 1966:chapter 3 for more details of the Maya calendar).

This additive property enabled the Maya to construct the systems of "“Long
Counts," which placed an event within the span of historic time. Long Count
dates were commonly inscribed on monuments to commemorate great political
events, to dedicate temples, or to celebrate a particularly important military
episode. Long Count dates are obviously invaluable to archaeologists studying
Maya cultural history.

When translated, all Maya Long Count dates read "' X days since the end of the
last Great Cycle,” somewhat like the Christian calendar which records time as
"X years since the birth of Christ.” A system of numerical notation has been
devised by Mayan epigraphers to express the Maya dates in more comprehensi-
ble form. The Long Count date of 9.10.19.5.11, for example, can be interpreted
as follows (example from Coe 1966:58):

9 baktuns = 1,296,000 days

10 katuns = 72,000 days
19 tuns = 6,840 days

5uinals = 100 days
11 kins = 11 days

1,374,951 days (since the end of the last Great Cycle)

In other words, the Maya calendar works because the constant intervals (the
kins) can be grouped through addition into precisely equivalent larger units.
This property does not hold for ordinal or nominal scales.
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Interval scales can also be meaningfuily manipulated by subtraction. Sup-
pose, for example, that two monuments were found at a particular Maya site:
Monument A had the above date (9.10.19.5.11 = 1,374,951 days since the end of
the last Great Cycle) and stela B had a date of 9.10.12.2.3 (1,372,363 days since
the end of the last Great Cycle). Since both counts date from the same zero
point, and since we know that interval variates can be subtracted from one
another, it becomes an easy matter to determine that the two stelae were
erected exactly 1,374,951 — 1,372,363 = 2,588 days apart.

But note that the zero point in this, and in all, interval scales is arbitrary. Maya
Long Count dates are expressed in “‘days since the-end of the last Great Cycle.”
In fact, the zero point of the Long Count is so arbitrary that epigraphers and

_archaeologists labored for years trying to pin down that elusive date. The search
was narrowed to a series of discrete time intervals, however, since any given
katun can recur only once every 260 Maya years. As a result, it was possible for
scholars to correlate any given Long Count date with only a few intervals along
the Christian calendar, depending upon which katun was selected for the zero
point. According to a correlation by George Spinden, the zero year corres-
ponded to 3373 B.C. on the Christian calendar, while a second hypothesis, the
Goodman-Thompson-Martinez correlation, set the magic year at 3113 s.c. Any
Maya date could be converted to Christian years by either correlation, and the
Spinden correlation is always 260 years older than the dating by the Goodman-
Thompson-Martinez correlation.” Incidentally, radiocarbon evidence now
strongly supports the Goodman-Thompson-Martinez correlation, by methods
discussed in Chapter 7.

The lack of a true zero point restricts the utility of interval scales in some
respects. Since zero is arbitrarily assigned, the ratios of two interval variates
cannot be meaningfully compared. Consider the statement ‘“80°F is twice as hot
as 40°F."" In effect, this statement implies the following ratio:

80°F:40°F=2:1

Because the zero point on the Fahrenheit scale has been assigned by conven-
tion only, the ratio of these two variates is a logical absurdity. So, for that matter,
is the assertion that A.D. 975 is twice as old as A.D. 1950, or that today is twice as
hot (half as cold?) as yesterday. Only when zero points are dictated by the
phenomena themselves—as is the case of ratio scale variates—can compari-
sons such as "twice as,” "'half as,” or "'three times as large as’’ be meaningful.

2.4.4 Ratio Scale

The ratio scale is the most advanced counting system considered here, and ratio
variates are still rare, unfortunately, in most of anthropological research. What
saets the ratio variates above those of the interval measurement scale is that the

Note that correcting from the Spinden to the Goodman-Thompson-~Martinez date is precisely the
same logical operation as converting daily temperature from degrees Celsius to degrees Fahrenheit by
the formula

F = (9/5)C + 32

+ o nothing intiinsic about the zero peint in any interval scale, whether it be the Long Count, an IQ score,
e s level, or years before present (B.P.) which archaeologists arbitrarily take to be A.D. 1950
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zero point of a ratio scale is fixed rather than arbitrarily assigned. The most
common ratio scales in anthropology invoive the quantitative expression of
physical properties such as length, width, size, weight, and so forth: Body
stature, projectile point width, cranial capacity, basion-nasion diameter, mean
distance travelled per year, and average weight are all ratio variables.

Anthropology also makes use of ratio scales in the enumeration of cases: the
minimum settlement size, the number of cervical vertebrae, the number of
same-sexed siblings, the number of storage cists in a habitation cave. While the
counts themselves are discrete variates, they form a sophisticated set of
measurements; not only are the counts exact—rather than approximations, as
with continuous variates—but also a zero point is always implicit in the
enumeration process. )

Ratio variates can also be derived from other primary variates. Population
density, for instance, is generally defined as

number of people
unit area

population density =

An estimate of 500 people per square mile is one such derived ratio variable, in
which the numerator and denominator are themselves ratio levels. Many
common demographic indices—mortality, fecundity, rate of immigration, intrin-
sic rate of increase—are derived ratio variates, as are the ratios common to
physical anthropology (cephalic index, nasal index, metabolic rate) and also to
archaeology (the room-to-kiva ratio, the number of beta emissions per 1000
minutes in radiocarbon dating, the ratio of domesticated to nondomesticated
foodstuffs).

Ratio variates admit a wide range of mathematical properties because ratio
scales are totally isomorphic to arithmetic (meaning that, since the structures
are identical, all arithmetic operations can be performed upon ratio variates
without destroying the relationships among the variates). As the name implies,
ratio scales can also be meaningfully compared as ratios: A population density
of 50 people per square mile is exactly twice that of a city with only 25 people per
square mile; a 5.0 gram projectile point has only one-third the mass of a 15.0
gram point; a nuclear family of four individuals is exactly half the size of a family
of eight. In addition, unlike interval scaling, ratio level variates can be trans-
formed through muitiplication by a constant. Inches are readily converted by
multiplication to feet, for example, by using the correction factor of 1/12=
0.083.

Table 2.4 summarizes the arithmetic operations permissible for each level of
measurement.

TABLE 2.4 Permissible Operations for
Measurement Scales.

Scale =, # s e X, +
Nominal Yes No No No
Ordinal Yes Yes No No
Interval Yes Yes Yes No

Ratio Yes Yes Yes Yes
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2.4.5 Refining Levels of Measurement

The preceding sections have characterized measurement scales into four basic
(ordinal) categories. At this point, one might justifiably question: So what? Was
this merely another academic exercise in number games and classification, or
do the levels of measurement have some practical worth?

Two reasons justify our consideration of the various levels of measurement.
First of all, these levels of observations dictate to some degree the statistical
operations which can be applied to particular sets of data. Nominal measures
are often termed ‘'weak” because few arithmetic operations are applicable to
simple unordered categories. Ratio scales, on the other hand, are ‘‘strong”
because these measures are applicable to all mathematical operations. Every
statistical test makes certain explicit assumptions about the underlying struc-
ture of the data and generally requires some minimal level of measurement. All
statistical procedures to be considered here can be legitimately applied when
strong measurement is available, but weak measurements severely restrict the
potential avenues of analysis. The relationship between scale of measurement
and statistical test is a complex topic and not so straightforward as social
scientists once thought. It is sufficient to recognize at this point that the kinds of
measurements available will influence the mode of analysis.

Levels of measurement can also be taken as a rough gauge of scientific
maturity within a given discipline. Physics, for instance, is generally considered
to be a most sophisticated science, and nearly all physical measurements are
"strong.”" Social science measurements, on the other hand, are often only
nominal and ordinal, indicative of a more primitive state of investigation. As
Kemeny (1959:143) has pointed out, many sciences (and especially the social
sciences) have yet to pass beyond the stage of preliminary classification.
Students in introductory anthropology courses, for example, often complain
about the strange names and categories which they are expected to assimilate:
Paleolithic, Mesolithic, cross-cousin marriage, couvade, morpheme, aus-
tralopithecine, cognatic, animistic, moiety. While, admittedly, learning these
elementary categories can be tedious for the novice, the procedure is essential.
Science usually begins with classification in one form or another, and the fact
that a young science can characterize two objects as sharing a single variable
state is a significant milestone. That is, when two objects are judged to be the
“same" with respect to a variable, the conclusion is a primitive form of
generalization, and a unifying thread throughout science is the consistent
search for more encompassing generalizations. To say, for example, that the
Nisenan Indians of central California have the "“same’’ cousin kinship terminol-
ogy (the Hawaiian system) as the Blackfoot of the Plains is an important step
toward understanding kinship systems in general.

A second important signpost of scientific maturity is the introduction of
orders of magnitude. Not only may two objects be judged “equal’’ with respect
to variable X, but ordinal scales allow the additional judgment that some
categories contain more of variable X than do other categories. A simple order
is sufficient for many purposes, but a higher level of measurement is generally
preferred so that the more advanced mathematical techniques are available.
The more sophisticated the measurement system, the more precise will be the
theories which result.
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But the real problem in developing adequate systems of measurement lies
outside the scope of mathematics and statistics. Statistics deals only with
symbols, and statistical methods work equally weil regardless of the referents
which these symbols represent (see Hays 1973:89). Progress in measuring
systems requires a deeper understanding of anthropological phenomena rather
than more sophisticated mathematical statistics. Once the variables have been
defined on solid anthropological grounds, then appropriate manipulative
techniques are readily available from established mathematics. Some examples
should illustrate how measurements progress in anthropology.

Anthropologists have faced few more truculent problems than in their efforts
to measure cultural evolution. In fact, the effectiveness of measuring cultural
development reflects in large part the maturation of anthropological inquiry.
Most primitive sciences commence substantive research with a lengthy period
of name giving, and these early classifications are generally nominal scales. But
the scientific study of cultural evolution has progressed somewhat differently
because the name-giving phase began directly with the ordinal level and
bypassed the nominal phase altogether. By its very nature, the study of cultural
evolution is concerned with the sequences of events. Ordering was implied right
from the start. Even when discussion involved simplistic dichotomies—such as
civilized versus noncivilized or hunter versus farmer—an ordering was always
implied. The categories of cultural evolution were never nominal.’

Literally dozens of ordinal scales have been suggested to measure the
cultural progress of man. One notable effort was Condorcet's ten-stage scheme
in the Outline of Intellectual Progress of Mankind, originally published in 1795:

1st Tribal society.
2d Pastoral society.
3d Agricultural society to the invention of the alphabet.
4th The progress of the human mind in Greece up to the division of the
sciences about the time of Alexander the Great.
5th The progress of the sciences from their division to their decline.
6th The decadence of knowledge to the restoration about the time of the
Crusades.
7th The early progress of science from its revival in the West to the
invention of printing.
8th From the invention of printing to the time when philosophy and the
sciences shook off the yoke of authority.
9th From Descartes to the foundation of the French Republic.
10th The French Republic.

Not only are Condorcet's categories impressionistic, but they are also
ethnocentric, dealing largely with European history and ignoring cultural evolu-
tion throughout the rest of the world. Marvin Harris (1968:35) has succinctly
characterized Condorcet's perspective as '‘the more remote the age, the duller

*Although the approaches to the study of cultural evolution have varied enormousiy over the past
century, the basic definition of cultural evolution has changed surprisingly little. Robert Carneiro
(1973:90) recently defined evolution as a "'change from a relatively indefinite, incoherent homogeneity
to a relatively definite, coherent heterogeneity, through successive differentiations and integrations.”
The essence of this statement is little modified from the 1862 definition by Herbert Spencer.
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the mind, the less enlightened is man's social life.” But regardless of the
shortcomings, Condorcet’s scheme illustrates the principles of ordinal scaling.

Refined ordinal classification was later framed by Lewis Henry Morgan in
Ancient Society (1877). Morgan divided the progress of human achievement
into three major "Ethnical Periods”: savagery, barbarism, and civilization,
which were scaled to seven categories according to status as follows:

. Lower Status of Savagery: commenced with the infancy of the human
race in restricted habitats, subsistence upon fruits and nuts. No such
tribes remained into the historical period.

Il. Middle Status of Savagery: commenced with acquisition of fish and use
of fire. Mankind spread over greater portion of earth’s surface. Exem-
plified by Australians and Polynesians.

Ill. Upper Status of Savagery: commenced with invention of the bow and
arrow. Exemplified by Athapascan tribes of Hudson’s Bay Territory.

IV. Lower Status of Barbarism: commenced with invention or practice of
pottery. Exemplified by the Indian tribes of the United States east of
Missouri River.

V. Middle Status of Barbarism: commenced with domestication of animals
in the Eastern hemisphere, and in the Western with cultivation by
irrigation and use of adobe brick and stone in architecture. Exemplified
by villages of New Mexico and Mexico.

VI. Upper Status of Barbarism: commenced with manufacture of iron.
Exemplified by Grecian tribes of the Homeric Age and Germanic tribes of
the time of Caesar.

VII. Status of Civilization: commenced with use of a phonetic alphabet and
production of literary records; divided into Ancient and Modern.

The ordinal stages of Condorcet and Morgan can, of course, be faulted on
several scores, but these early classifications were important steps in sharpen-
ing the perception of cultural evolution.

After decades of strong disfavor, the definition and study of evolutionary
stages has again become the subject of legitimate anthropological research.
Service (1962), for example, defined three stages of primitive human social
organization—bands, tribes, and chiefdoms—and some archaeologists, such as
Sanders and Marino (1970), have directly adopted Service's sociocultural stages
in interpreting the archaeological record. Other archaeologists have attempted
to apply schemes of stages based upon technological criteria (such as the
Beardsley classification presented in Table 2.3). In fact, most archaeological
research is from time to time synthesized using similar ordinal frameworks, as in
the Willey and Phillips’ (1958) scheme of “historical-developmental stages” of
New World prehistory: Lithic, Archaic, Formative, Classic, and Postclassic. Yet,
regardless of sophistication (or lack of it), all such scales remain subject to the
limits of ordinal level measurements.

In 1948, Carleton Coon prepared a six-part classification of cultural develop-
ment, basing his stages upon four quantitative measures: number of specialists,
amount of trade, number of institutions to which an individual may belong, and
the complexity of those institutions (Coon 1948:612f). In other words, Coon
bridged the gap between ordinal and ratio level variates. Somewhat later, Raoul
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Naroll (1956) furthered this line of investigation by devising a single index of
cultural evolution. Naroll's *‘Preliminary Index of Social Development'' is based
upon three equally weighted and operationally defined indicators: craft special-
ization, organization ramification, and urbanization. The 1960s saw an impor-
tant series of related studies in which literally hundreds of traits were consi-
dered for use as measures of cultural complexity (see Tatje and Naroll, 1970, for
a comprehensive discussion of these indices). The more recent studies indicate
that several of these indices are highly interrelated and often produce nearly
identical results. The single best indicator of cultural evolution seems to be the
maximum settlement size variable, defined earlier (Section 2.2).

The point is that when substantive research began on cultural evolution, the
level of measurement consisted of relatively crude—and usually ethnocentric—
ordinal scales such as Morgan’s ""Ethnical Periods.” Stages of evolution were
redefined on several occasions, sometimes for rather specialized objectives and
at other times to provide more precision, but they remained on the ordinal scale
and were therefore subject to the restrictions which apply to all rank-order
variables. Finally, a second line of metric investigation led to more sophisticated
measurements: Naroll, Carneiro, and others were able to derive interval and
ratio scale indices to characterize cultural evolution. It was ultimately
discovered—largely as a result of attempts to redefine such measures—that a
single ratio scale indicator, the maximum settlement size, is sufficient to
adequately characterize cultural compliexity throughout the world. This discov-
ery is of particular significance to archaeologists, since settlement size can
often be estimated from the maximum floor areas of archaeological sites by
using Naroll's constant; thus, much of the prehistoric record can be applied to
the study of cultural evolution. The scientific investigation of cultural evolution
progressed hand in hand with the progressive definition of more adequate
operational indices, which in turn raised the overall levels of measurement.

Similar refinements in measuring technique have occurred in physical an-
thropology. One prime example is the measurement of the PTC taste-deficiency
trait. In 1931, A. L. Fox observed quite by chance that while some individuals
were unable to taste the synthetic compound phenylthiocarbamide (PTC),
others reported the taste as quite bitter, somewhat like quinine. Subsequent
investigation revealed that the ability to taste PTC is inherited as a simple
Mendelian dominant. The test was initially administered by instructing infor-
mants to directly ingest crystails of PTC or to touch the tongue with a
PTC-impregnated paper strip. The results of this procedure were based upon
informant response, and subjects were characterized as ''taster’” or “nontas-
ter,”” two dichotomous classes on the nominal scale. The test was later refined
by administering to informants a series of diluted PTC solutions, and then
asking them to describe their sensations. While this test was largely subjective—
determined by the informant’s ability to articulate his sensations—the refined
test indicated a range of sensitivity among tasters which could be expressed in
terms of crude rank orders of tasters along a scale of sensitivity.

The test was even further improved when informants were given a series of
unlabelled tumblers, half of which contained a PTC solution and half of which
contained just water. Subjects were then asked to discriminate the bottles
containing PTC. If the groups were successfully sorted, then the next lowest
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concentration was used. The lowest concentration at which a completely
correct answer was given can be operationally defined as the tasting threshold.
In order to standardize the results, the following standardized solutions were
applied (after Harris and Kalmus 1950:table 1):

Solution No.  PTC, mg/liter

1300.00
650.00
325.00
162.50

81.25
40.63
20.31
10.16

5.08

10 2.54

11 1.27

12 0.63

13 0.32

14 0.16

CoNOOEWN -

In this manner, taster threshold is characterized by the solution number, a
ratio-level variable. This test is repeated over a large series of subjects in the
same biological population, producing a bar graph which characterizes a
population’s thresholds (see Fig. 2.3) in percentage. The horizontal scale refers
to solution number. Such graphs frequently exhibit two peaks (or modes)
distinguishing tasters from nontasters.
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Fig. 23 PTC thresholds for 100 females and 114 males between the ages of 20 and 59
(after Harris and Kalmus 1950:fig. 3).
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The case of PTC tasting is an excellent illustration of the principle that
progress in science is generally paralleled by an increasing refinement in the
level of measurement. Similar progress has occurred in the study of skin and
hair pigmentation, color blindness, and nutritional ecology, to mention but a
few areas of ongoing research in physical anthropology.

2.5 POPULATION AND SAMPLES

@ It is like the North Carolina mule which a tourist once stopped
to admire. He asked the mule’'s owner what the animal’s name
was. The farmer replied, "I don’t know, but we call it Bill.”
—S. Ervin

In Winick’s Dictionary of Anthropology, the word “ population” is defined twice:

“population, amphimictic. A population which has freely crossing fertile
descendants.”

“population, inbreeding. A group of persons among whom mating takes
place.” (Winick 1966:428)

Ecological populations are groups of living organisms of a single species
found in a circumscribed area at a given time. This definition of population is
frequently used by physical anthropologists with reference to both living and
extinct animals. In this sense, one can study the chimpanzee population of the
Gombe Stream reserve in Tanzania, the hunting behavior of Australopithecus
populations in South Africa, or the gene frequency of the sickle-cell trait in
Afro-American populations. Cultural anthropologists also use "‘population” in
this sense. Human society, for instance, has been defined by Marvin Harris as a
“population that has an organized way of life”’ (1971:654); societies are groups
of people (populations) who depend upon each other for survival. Similarly,
archaeologists often discuss the “prehistoric Pueblo Il populations” or the
“nomadic population of Clovis hunters,” and a linguist might refer to his
informants collectively as “the Shoshoni-speaking population." In general,
anthropologists tend to use the term "population” in a phenomenological
sense, denoting a concrete set of living (or once-living) individuals. All popula-
tions of this sort could be physically delimited under ideal conditions, enumer-
ated, and assembled in one place.

The word “'population’ takes on a rather different meaning in statistics, but
this difference is subtle and could easily be overlooked. A statistical population
does not consist of physical objects at all (people, lemurs, or microbes), but
rather of variates measured upon those objects. Arikara Indians could comprise
a biological or sociocultural population, but they could never be a statistical
population. Only a set of related variates—such as the stature of Arikara
Indians—could be a statistical population. Body weight, daily caloric intake,
marriage to cross-cousins, presence of the Rh blood factor, frequency of
reflexive verb usage, and cranial capacity are all variates comprising statistical
populations characteristic of the aggregate of Arikara Indians.
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A statistical population is a set of variates (counts, measurements, or
characteristics) about which relevant inquiries are to be made.

Unlike the phenomenological populations of biology and anthropology, statisti-
cal populations are ideational. Statistical populations include only observa-
tions; and observations have in themselves no objective reality. Statistical
populations are comprised of variates, not objects.

Populations in this sense are arbitrary and must be carefully (that is,
operationally) defined. Some populations may consist of a finite number of
variates, such as the stature of all living Arikara Indians. Populations could also
be defined to include not only living Arikara, but also all Arikara who lived in the
past, and also those who will ever live in the future. So populations could aiso be
infinite. Clearly, there is nothing ‘“‘natural” about a statistical population
because it is defined to satisfy specific research objectives. All these definitions,
however, must be based upon anthropological rather than statistical considera-
tions. Statistical methodology comes into play only after the relevant popula-
tions have been defined to suit the research objectives at hand.

It would be onerous indeed for an anthropologist to attempt to interrogate,
measure, observe, or photograph the entire physical population of all living
Arikara. And, if the statistical population had been defined to include Arikara of
all times and all places, complete observation would be patently impossible.
One characteristic of most statistical populations is that they are incompletely
observable. Physical anthropologists can never hope to measure the entire
population of Australopithecus robustus crania, for example, and in fact,
primatologists have trouble dealing with an entire biological population of living
nonhuman primates.

Thus it is that populations of variates must usually be estimated from a small
subset of the actual statistical population.

A sample is defined as any subset of a statistical population. While many
samples are (or should be) formed through random selection of variates, any
subset of a statistical population can be termed a sample. Some methods of
sampling are more efficient than others, while other sampling procedures
produce more reliable results. Regardless of the sampling procedure, however,
samples are bound to reflect the character of the parent population at least to
some degree.

Neither statistical populations nor their samples are thus comprised of
objects per se, but rather are variates measured upon the objects. These sets of
variates can be characterized by certain fundamental measures.

A parameter is any quantitative measure which seems to characterize a
population.

Chapter 4 considers several indices (the mean, mode, standard deviation, and
so forth) which estimate certain characteristics of populations. Since parame-
ters, by definition, must always refer to populations, the phrase “population
parameter” is redundant.

A statistic is any quantitative measure which seems to characterize a sample.

Note that this usage of the term ''statistic’ differs from that heard in ordinary
parlance.
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A parameter is a constant, fixed for the referent population. Parameters are
generally unknown because most populations are incompletely observable. If a
population is defined as the cranial capacity of all living mountain gorilla, then
clearly the mean of that population (the mean is a parameter in this case) will
never be known. For this reason, parameters are usually estimated from
statistics which have been derived from samples. Statistics are never constant
for a population, since several possible samples could have been drawn from
the same population. Greek letters such as pu, o, and p are conventionally
assigned to represent populations, whereas Latin letters such as S, X, and r are
traditionally reserved for statistics.

2.6 WHAT ARE STATISTICS?

@ After all, the higher statistics are only common sense reduced
to numerical appreciation—K. Pearson

We are finally in a position to answer a question which | hope has been troubling
you throughout this chapter: What exactly are statistics? We know that a
statistic is a measure characterizing a sample, but is this all there is to
statistics?

Statistical procedures assume basically two objectives when applied to
anthropological data. The initial objective is to provide precise description of
phenomena, and the branch of statistics which enables one to characterize
diverse data sets is called descriptive statistics. The other major objective of
statistical analysis is to provide a systematic procedure of predicting unknown
parameters through the application of inferential statistics.

2.6.1 Descriptive Statistics

An archaeological student has just finished excavating a 19-room pueblo; a
graduate student has returned from his initial ethnological fieldwork; a novice
physical anthropologist has just administered a questionnaire on heredity. What
do they do with their data?

Descriptive statistics consists of a battery of standardized procedures through
which masses of data can be reduced to manageable proportions. Sometimes
the variates are grouped into categories, which are then ordered into a
frequency distribution (discussed in Section 3.2). Or perhaps a bar graph would
better illustrate the relationships of interest (Section 3.3.1). If the data are in
percentages, then perhaps a circle graph should be used instead (Section 3.3.3).
But occasions arise when the data are too complex for simple schemes of
graphing; then new measures must be applied in order to ferret out fundamental
information within the data. Measures of central tendency, such as the mean,
the mode, and the median are handy for finding whether the data tend to group
about a single point or whether there are several clusters of variates on each
variable. There are also measures of dispersion, which summarize the tendency
of variates to disperse about the central tendencies. Chapter 4 examines the
usefulness, appiicability and computation of common descriptive statistics.
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