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Philosophers of science with perspectives as diverse as Karl Pop-
per (1934 OR 1959?), Thomas Kuhn (1962), and Bruno Latour
(1987) have generally agreed that the development of new measur-
ing instruments and techniques provides science with new in-
sights into the structure of the world (cf. Lyotard, 1984). This has
been true of the physical and biological sciences, and there is every
reason to think that it will be increasingly true for the social sci-
ences. The development of the Human Relations Area Files
(HRAF) Collection of Ethnography (see M. Ember, 1997; Murdock,
1940) and its related tools led to the discovery of hundreds of rela-
tionships that help to explain an enormous amount of the cultural
variation represented in the ethnographic record (C. R. Ember &
Levinson, 1991; Levinson & Malone, 1980). Now, the development
of the eHRAF Collection of Archaeology (see M. Ember, 1997) and
the related Encyclopedia of Prehistory (Peregrine & Ember, 2001-
2002) enables us to discern some facts and principles of cultural
evolution from the archaeological record. This ARTICLE describes
preliminary results that apply to the evolution of political
hierarchy.

THE HRAF COLLECTION OF ARCHAEOLOGY

The eHRAF Collection of Archaeology is a Web-based, full-text
database with information on the prehistory of the world. This
database, modeled after the HRAF Collection of Ethnography,
includes full texts that have been numerically subject indexed
according to the latest version of HRAF’s Outline of Cultural Mate-
rials (see Murdock et al., 2000). The Outline of Cultural Materials
indexing system extends search capability well beyond keyword
searching, allowing for precise subject retrieval even in foreign
language texts. The eHRAF Collection of Archaeology currently
includes more than 50,000 pages covering 41 major archaeological
traditions and many more subtraditions and sites. Each tradition
file consists of a general summary and full-text sources—books,
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journal articles, dissertations, and manuscripts. This unique
archaeological database provides researchers and students with
easy access to archaeological materials for comparative studies
within and across regions and time periods.

Cases included in the eHRAF Collection of Archaeology are ini-
tially selected by random sampling from the Outline of Archaeolog-
ical Traditions (Peregrine, 2001a). (Selected archaeological
sequences are also included.) The Outline of Archaeological Tradi-
tions is an attempt to catalogue and classify into comparable units
of analysis all archaeologically known cultures, covering the entire
globe and the entire prehistory of humankind. The Outline is orga-
nized around major archaeological traditions, each defined as a
group of populations sharing similar subsistence practices, tech-
nology, and forms of sociopolitical organization, which are spatially
contiguous over a relatively large area and which endure tempo-
rally for a relatively long period. Archaeological traditions are not
quite like cultures in an ethnological sense because in addition to
sociocultural defining characteristics, they generally also have a
more extended temporal dimension. Language, ideology, and kin-
ship ties play little or no part in their definition because these cul-
tural features are virtually unrecoverable from archaeological
contexts. In contrast, language, ideology, and kinship ties are
central to defining ethnological cultures.

There are 289 traditions identified in the current edition of the
Outline of Archaeological Traditions. These traditions can be
thought of as encompassing the sampling universe from which
cases can be chosen for either synchronic or diachronic analysis of
the archaeologically known past—an activity we refer to as
archaeoethnology. The eHRAF Collection of Archaeology contains
a simple random sample of the traditions covered in the Outline of
Archaeological Traditions (new entries are selected each year
using a table of random numbers; see http:/www.yale.edu/hraf/
collections.htm for a list of the traditions), and its utility as a tool
for archaeoethnology has already been demonstrated (Peregrine,
2001b; Peregrine, Ember, & Ember, 2000).

In this article, we employ a related tool for archaeoethnology,
the Encyclopedia of Prehistory (Peregrine & Ember, 2001-2002).
This nine-volume work provides basic information on environ-
ment, settlement, economy, sociopolitical organization, and reli-
gious and expressive practices for each of the 289 traditions identi-
fied in the Outline of Archaeological Traditions. Thus, the
Encyclopedia of Prehistory provides a source for basic information
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to be used in sampling, exploratory research, and, as is the case
here, the initial testing of models or hypotheses before proceeding
to the more detailed information provided in the eHRAF Collection
of Archaeology. Here, we use the Encyclopedia of Prehistory to test
whether there are trends in the evolution of political hierarchy
that might be used to predict future values and, perhaps, a future
world state.

THE EVOLUTION OF POLITICAL HIERARCHY

To explore trends in the evolution of political hierarchy, all the
cases identified in the Outline of Archaeological Traditions were
coded on a 3-point scale of political hierarchy that was adapted
from Murdock and Provost (1973). The Political Hierarchy Scale is
as follows.

1 = autonomous communities

2 = one or two levels of hierarchy above the local community

3 = three or more levels of hierarchy above the local community

Scale Score 3 is essentially a proxy measure for the presence of a
state, as defined according to the Wright and Johnson (1975) defi-
nition. These authors define states as polities having a specialized
decision-making structure in which “the highest level involves
making decisions about other, lower-order decisions” (Wright &
Johnson, 1975, p. 267). They go on to explain that “any society with
three or more levels of decision-making hierarchy must necessar-
ily involve such specialization” (Wright & Johnson, 1975, p. 267)
and hence, according to their definition, must be a state. It is
important to note that there are many other definitions of states,
ranging from highly specific ones to the simple statement that “if
you can argue whether a society is a state or isn’t, then it isn’t”
(Yoffee, 1993, p. 69). But Wright and Johnson’s definition of states
is one that archaeologists have found particularly useful because it
provides a means of identifying states through regional settlement
data. We find it useful for the same reason.

Coding was based on information provided in the Encyclopedia
of Prehistory (Peregrine & Ember, 2001-2002) entries and was
done by the first author in haphazard order as entries for the ency-
clopedia were received for review and editing prior to publication.
The coded data are available in electronic format from the journal
World Cultures (Peregrine, 2003); we invite other scholars to use
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these published data to replicate the results we report here or to
evaluate our conclusions using other analytical techniques. Unless
otherwise noted, all statistics and graphics presented here were
produced using the SPSS software package.

We must note that neither values for the present day, which
might be obtained from Murdock and Provost’s (1973) coded data,
nor values for 1,000 years ago are included in these analyses. The
reason for this is twofold. First, Peregrine (2003) found that the
standard cross-cultural sample cases, for which Murdock and Pro-
vost coded their data, cannot be equated with Outline of Archaeo-
logical Traditions cases as the two sets of data are drawn from sep-
arate universes and are based on very different units of analysis.
Second, Peregrine (2003) also found that the cases in the 1,000-
years-ago time period scored unexpectedly low on political integra-
tion and other cultural-complexity variables because many of the
more politically integrated and complex cultures existing 1,000
years ago had developed written records and were dropped (for
that reason) from the Outline of Archaeological Traditions sample.
Thus, the 1,000-years-ago time period is biased toward less
complex cases.

Figure 1 displays means of political integration at 1,000syear
intervals for the past 12,000 years. The zero on the x-axis is today,
and the 12 is 12,000 years ago. Averages for political integration
shown on the y-axis were calculated using all cases with time
ranges falling anywhere within each 1,000-year period. Thus, an
archaeological tradition that begins at 3,000 years ago and ends at
1,500 years ago would be included in two calculations: one for 3,000
years ago and another for 2,000 years ago. The line is a best-fit
regression line and has an R-squared value of 0.945. Clearly, there
has been a strong trend toward increased political integration dur-
ing the past 12,000 years. But the means in Figure 1 are not inde-
pendent statistically because, as just explained, some traditions
have been used in calculating more than one mean. If, however, we
include each tradition in only one temporal period, either includ-
ing it either only for the middle point of its temporal span or only
for the end point, we get a similar, statistically significant fit (R-
squared of 0.92 and 0.93, respectively), apparently confirming the
trend previously found. (See, however, the following caveat.)

There is an interesting statistical problem in exploring political
evolution in this way—serial autocorrelation. Serial
autocorrelation occurs when two cases are not statistically inde-
pendent because changes in an earlier case cause changes in a
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Figure 1: Increase in Political Integration During the Past 12,000 Year

later one. Cultural evolution in general can be thought of as a
serial-autocorrelation process. Change in an ancestral culture will
generally lead to those changes being transmitted to descendant
cultures; thus, the values of a variable reflecting that change will
be serially autocorrelated when viewed over time. For example, if
members of an archaeological tradition develop metal casting, it is
likely that their descendants will also cast metals. A variable
examining metal working technology (and using casting as an
indicator of change) will thus present serial autocorrelation
between the ancestral archaeological tradition and its descen-
dants, as the development of metal casting in the ancestral tradi-
tion is causally linked to the descendant tradition having metal-
casting technology.

Autocorrelation is generally regarded as a problem in statistical
analyses because it tends to artificially inflate correlation and
regression coefficients (Ostrom, 1990). Thus, because of
autocorrelation, the R-squared values of .94 reported earlier
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areas? likely inflated. One way to estimate whether such a value
is inflated due to autocorrelation is through the Durbian-Watson
statistic, which evaluates residuals to determine whether they are
randomly distributed (randomly distributed residuals would sug-
gest no autocorrelation; see Ostrom, 1990). The Durbian-Watson
statistic for the political integration variable is .52, which, not sur-
prisingly, suggests that autocorrelation is present. (A standard
table for the Durbian-Watson statistic can be used to determine
the significance level given the number of time periods and
variables being used.)

Another method of evaluating autocorrelation effects is to
model the regression as an autocorrelational process. We did this
using the Eviews econometrics software package, using a first-
order autoregressive function as our model and a generalized least
squares method of estimation. We found that the R-squared value
increased to .98. In sum, the Durban-Watson statistic increased to
1.94. Thus, it seems clear that there is strong serial autocorrelation
underlying the evolution of political hierarchy.

In typical regression analyses, strong serial autocorrelation
such as that identified here would be cause for concern. The fact
that cultural evolution is a serial autocorrelation process makes us
question whether, indeed, serial autocorrelation is a problem we
need to address when examining cultural evolution rather than an
expectation that we need only concern ourselves with in its
absence or when it is violated. Take, for example, an ordinary bank
account. We deposit $100 and each month, interest accrues. If we
chart the amount of money in the account each month, we find
serial autocorrelation—the amount in the account each month is
strongly correlated with the previous and future months’ amounts
and with the specific value equivalent to the interest rate. The
increase is expected, and perhaps uninformative, but it is real and
should not be considered a problem. We argue that the same is true
for cultural evolution: Serial autocorrelation is part of the process
and thus needs to be included as part of the analysis.

Going forward with the analysis then, a close examination of
Figure 1 suggests that the relationship between average political
integration and time is not a simple linear one but rather is
curvilinear. Indeed, this is not surprising, because hierarchical pol-
ities tend to expand over time both through conquest of neighbor-
ing polities (e.g., Carneiro, 1970) and through peer-polity interac-
tion (Renfrew & Cherry, 1986; also see Johnson, 2004 [this issue]),
which tends to spread political innovations across the landscape of
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Figure 2: Regression Curves for Political Integration During the Past
12,000 Years

interacting polities. Hierarchical polities also tend to have higher
rates of population growth than do those that are nonhierarchical
(Johnson & Earle, 1987). Thus, we might expect political integra-
tion to show some form of a growth curve. Figure 2 shows three dif-
ferent growth curves fitted to the archaeological data. The upper
curve is logarithmic and represents what would be expected if the
growth of political hierarchy was due mainly to diffusion. Such a
process might occur through population growth, expansion, and
peer-polity interaction. Because the fit of the logarithmic curve is
not very good, we can conclude that simple diffusion does not
account for the increase in political hierarchy over time.

The middle curve in Figure 2 represents exponential growth
and illustrates what would be expected if the increase in political
hierarchy were due to polities actively reproducing themselves,
that is, conquering or incorporating other polities and establishing
new, daughter polities. However, this curve fits the data well.
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Figure 3: “Differenced” Regression Line Showing 95% Confidence
Intervals

The exponential curve, however, tends to overestimate the ini-
tial growth of political hierarchy and underestimate later growth.
There seems to be a lag between about 10,000 years ago and 4,000
years ago in the growth of political hierarchy and then a rapid
increase after about 4,000 years ago. This may be due to initial
resistance to hierarchy and the ability of people living largely as
hunters and gatherers and simple agriculturalists to “vote with
their feet.” Such conditions may have changed when enough hier-
archical polities had developed to make resistance or movement
increasingly difficult. We can see this effect more strongly in Fig-
ure 3, which eliminates the long-term growth trend in political
hierarchy and autocorrelation effects through “differencing,” that
is, through subtracting the value of each time period from its direct
predecessor.

In Figure 3, we see that although the evolution of political inte-
gration retains a linear growth trend despite the differencing,
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Figure 4: Best-Fit Curve Estimation (quadratic) for Increase in Political
Integration During the Past 12,000 Years

there have been marked peaks and valleys. There is a high outlier
at 8,000 years ago and a low outlier at 6,000 years ago. This may
suggest that political integration took off rapidly around 8,000
years ago and then, during the course of 2,000 years, slowed mark-
edly before resuming a generally linear upward trend. Again, we
interpret this as reflecting initial resistance to political hierarchy
and the subsequent expansion of hierarchical polities.

Whatever the reasons for these deviations from a simple expo-
nential growth curve, a quadratic curve appears to fit the data
best. The best-fit quadratic curve is shown in Figure 4 and repre-
sents a near-perfect correlation. We tested the quadratic model by
using Eviews to automatically fit a curve to the data. Eviews also
identified a quadratic curve as the best-fit model, with a mean
error of 1.4% and a mean squared deviation of only .00082. Thus,
we are confident that the mean value of political integration has
increased during the past 12,000 years in a manner that closely
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Figure 5: Quadratic Prediction Line and 95% Confidence Interval Illus-
trating When All Polities Will Be States (ca. 5000 AD)

approximates a quadratic curve. With that information, we should
be able to forecast future mean values of political integration.

ARCHAEOMANCY: USING THE PAST
TO PREDICT THE FUTURE

Using basic techniques of forecasting, one should be able to use
the curvilinear trend established with data from the past 12,000
years to predict future values of a given variable (Gordon, 1992).
However, such extrapolation—using the past to predict the
future—smacks of augury to us, and we therefore have coined the
term archaeomancy to describe it (rather than forecasting or pre-
diction). This term archaeomancy reflects our uncertainty as to the
legitimacy of using the prehistoric past to predict the future. First,
the nature of the prehistoric past does not lend itself to the kinds of
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analyses typically undertaken in forecasting. Not only are the data
scarce and often based on highly inferential methods of
operationalization, but they are also necessarily biased in unpre-
dictable ways (through recovery, preservation, and the like). Sec-
ond, too many variables might interfere with long-term forecasts,
and too many unforeseen circumstances might alter future val-
ues—the primary unknown of which is human nature itself, which
seems to us far too mutable to guarantee that forecasting our
futures with any certainty is possible. As the Underground Man
bluntly stated more than a century ago,

One’s own free, untrammeled desires, one’s own whim, no matter
how extravagant, one’s own fancy, be it wrought up at times to the
point of madness—all of this is precisely that most advantageous of
advantages which is omitted, which fits into no classification, and
which is constantly knocking all systems and theories to hell.
(Dostoevsky, 1864/1974, p. 28)

With these caveats in mind, here are our results.

Figure 5 shows the best-fit quadratic curve projected out 6,000
years into the future, with a 95% confidence interval. The line sug-
gests that in about 3,000 years, around the year AD 5000, all soci-
eties would be coded 3 on the Political Hierarchy Scale (because
the line represents the mean for all cases and 3 is the highest possi-
ble value, when the mean is 3, then all cases must be coded 3). We
interpret this result as suggesting either (a) that every polity, no
matter how small or localized, will have a state form by that time or
(b) that all peoples will be incorporated into a single world state by
that time. Both interpretations are reasonable, although the for-
mer is perhaps the most representative of the coding itself.

FIGURE 5 ABOUT HERE

The primary reason we might opt for the latter interpretation is
that it matches remarkably well with the extrapolation of Louis
Marano (1973).

Marano (1973) also used archaeological data to chart the size of
states over time. He argued that the geographical size of states was
increasing and used logarithmic regression to predict that the
entire land area of the world would be encompassed by a single
state “no later than 4850 A.D.” (Marano, 1973, p. 38). Because
Marano’s date corresponds so closely to our own, it may be reason-
able to suggest that both he and we have charted the same phe-
nomenon, namely, the emergence of a world state.
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