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ALTERNATIVE PROCEDURES FOR ASSESSING STANDARDIZATION IN
CERAMIC ASSEMBLAGES

Kenneth L. Kvamme, Miriam T. Stark, and William A. Longacre

Interest in the material correlates of economic specialization has led to numerous quantitative studies of standardization (or
the lack of it) in craft production, particularly of ceramics. Most of this research has focused on measures of variation and
conventional statistical procedures in the treatment of the empirical data, many of which are dependent on unrealistic
assumptions (such as normal populations), vielding results that can be questioned. To resolve this crisis more robust stati-
stical methods are investigated including the “jackknife " method (for confidence interval construction) and a multigroup test
for homogeneity of variance known as the Brown-Forsvthe Test. Computer simulations show that the latter is robust under
a variety of distributional forms. These new methods are used to reanalvze ethnoarchaeological ceramic data from the
Philippines, it is shown that markedly different conclusions can be reached when compared with the results of more con-
ventional procedures.

Interés en las correlaciones de especializacion economica ha conducido a numerosos estudios cuantitativos de la estandard-
izacion (o la falta de) en la produccion de aresania, particularmente de ceramica. La mayor parte de esta investigacion se
ha enfocado en las medidas de variacion y procedimientos estadisticos convencionales usados en el analisis de datos empiri-
cos, muchos de los cuales dependen de suposiciones irreales (tal como poblaciones normales). produciendo resultados que
pueden ser dudosos. Para resolver esta crisis, métodos estadisticos alternativos y mas robustos son investigados, incluvendo
el “jackknife” (para construcciones de intérvalos de confianza) v una prueba multi-grupo para la homogeneidad de vari-
anza conocida como la prueba Brown-Forsythe. Simulaciones computarizadas demuestran que la segunda prueba es robusta
en una variedad de formas distribucionales. Estos nuevos métodos son usados para re-analizar datos etno-arqueologicos de
ceramica proveniente de las Filipinas v se demuestra que las conclusiones son marcadamente diferentes en comparacion con
los resultados obtenidos con procedimientos mas convencionales.

tudies of ceramic standardization have
gained prominence in recent years, in part

tion generally focus on measures of variation,
notably the sample variance, standard deviation,

because of interest in the material corre-
lates of economic specialization (Brumfiel and
Earle 1987; Rice 1981, 1987, 1991; Tosi 1984).
Underlying such studies is “the standardization
hypothesis” (Blackman et al. 1993), the assump-
tion that production intensity is reflected through
increased product uniformity (e.g., Costin 1991;
Davis and Lewis 1985; Feinman et al. 1981;
Hagstrum 1988; Kramer 1985; Rice 1991). The
focus of this paper is on the methods that archae-
ologists have employed to examine standardiza-
tion issues in empirical research.
Quantitative studies of ceramic standardiza-

or the coefficient of variation. That is, statistical
tests are commonly employed to assess whether
significant differences in standardization exist
between groups of interest as reflected by these
measures. Most standardization studies use an F-
test based on the ratio of two sample variances as
a basis for inference, and confidence intervals
derived from the chi-square distribution are
sometimes employed (e.g., Allen 1992; Arnold
1991; Arnold and Nieves 1992; Benco 1988;
Hagstrum 1988; Longacre et al. 1988; Sinopoli
1988; M. Stark 1991). These procedures were
certainly adequate as a starting point, but they are
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Figure 1. The Philippines with study areas highlighted.

problematic because they depend on a normality
assumption. Although many statistical tests
based on this assumption are relatively robust in
the face of mild departures from normality, this
tends not to be the case with tests concerned with
variance (Brown and Forsythe 1974; Conover et

al. 1981; Miller 1986). While quantitative studies
of the standardization issue have been under-
taken for some time by a host of researchers, lit-
tle progress has been made in the statistical
methods used to assess this phenomenon in
ceramic assemblages.
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Today, many alternative statistical tests exist
for examining homogeneity of variance, and there
are new procedures that offer robust confidence
intervals for population variances and standard
deviations. In fact, as long ago as 1981 Conover
et al. published a comparative study that exam-
ined nearly 60 tests for equality of variance.
Importantly, several of these tests are quite robust
and perform well even when the data illustrate
marked deviations from normality, a situation
which we will show is the rule rather than the
exception in one data set.

In this paper, as with our previous work
(Longacre et al. 1988; M. Stark 1991, 1992), we
return to the Philippines and, in light of the forego-
ing, provide examples of alternative statistical pro-
cedures by reexamining evidence for ceramic
standardization (or the lack of it) in several pottery
making communities. We use two Kalinga commu-
nities in northern Luzon—Dangtalan and Dalupa—
and one in southern Luzon in Sorsogon Province
known as Paradijon. In many ways the Philippines
data are ideal for this because of their quality
(derived from ethnographic populations under con-
trolled conditions) and the sizes of the samples.

Given significant departures from normality,
which can be determined through statistical test-
ing, it is appropriate to employ robust statistical
methods. For confidence intervals for the popula-
tion standard deviation we employ jackknifed
standard deviations that yield more realistic limits
in comparison to the normal-theory-based chi-
square approach (Miller 1968; Mosteller and
Tukey 1977:139). For a robust statistical test to
compare sample variances several excellent can-
didates are available (Conover et al. 1981). We
employ here a test described by Brown and
Forsythe (1974) that generally performs better
than other available tests (Conover et al. 1981;
O’Brien 1978), and is relatively easy to imple-
ment. The Brown-Forsythe test, when compared
with the standard F-test on the same data, often
yields markedly different results under non-nor-
mality, underscoring the need for a careful and
thoughtful approach to research and data analysis.

Differences in Organizational Scales: Three
Philippine Communities

Crosscultural research has demonstrated that
ceramic production varies widely in the ethno-
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graphic record; previous researchers have charac-
terized this variability in terms of organizational
modes (Peacock 1982; van der Leeuw 1977) or
parameters (Costin 1991; Pool 1992) of produc-
tion. Philippine pottery systems also vary widely
in organizational mode, from household produc-
tion systems (Longacre 1981) to market-oriented
industries (e.g., London 1991). The locations of
each of our three study communities, two in
northern Luzon and one in southern Luzon, are
shown in Figure 1.

The three Philippine communities differ in
their organizational modes of ceramic production.
The Kalinga village of Dangtalan lies at the “sim-
ple” end of the continuum: Dangtalan pottery is
made primarily for household use and for
restricted exchange (Longacre 1981). In Dalupa,
a second Kalinga village, part-time potter special-
ists exchange their pots in an extensive, nonmar-
ket-based distributional network to supplement
farming returns (M. Stark 1991, 1992). In
Paradijon (Sorsogon Province), full-time special-
ists sell their goods to shopkeepers locally and in
the provincial capital 16 km distant (London
1991; Longacre et al. 1988:102).

These three Philippine communities share both
construction techniques and emic conceptions of
vessel size categories. All three communities of
potters employ a combination of coil-and-scrape
and paddle-and-anvil techniques to fashion their
cooking pots (e.g., Longacre 1981, Longacre et
al. 1988). The turntable (bayangan) that Paradijon
potters use differs only slightly from the wooden
platters (chuyas) that Kalinga potters employ in
the initial phases of manufacture. Specific size
classifications are based on vessel volume in all
three communities, reckoned through the chupa,
which is generally the volume of a can of evapo-
rated milk (ca. 100 ml). The chupa provides a
pan-Philippines system of measurement: in all
three communities pots are manufactured accord-
ing to chupa sizes. One is able to order a two-,
three-, or four-chupa pot, for example. Although
the chupa measurement is relatively constant
throughout the Philippines, chupa-based size
class assignments (e.g., “small pot,” “medium
pot”) vary from one community to the next.

Data Collection

Data from the three communities were collected in
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field seasons between 1980 and 1990. Dangtalan
data were recorded from household inventories
(only vessels recorded as obtained after 1980 were
included) and from vessels made in 1987. Dalupa
data were collected on newly fired vessels
throughout 1988. Paradijon data were obtained on
newly manufactured vessels during 1980 and
1981. The vessels measured were either part of
households’ stored assemblages (Dangtalan), or
collections that were intended for exchange or
market  distribution  (Dalupa, Paradijon).
Information was collected on each vessel’s pro-
ducer and functional class, and quantitative data
were collected to assess vessel dimensions. The
measurements were made with a measuring tape
to obtain data on aperture diameter, vessel height,
and maximum circumference. (Paradijon width,
rather than circumference, measurements were
recorded. These data were converted into circum-
ference measurements for comparability with
other communities with the following formula:
circumference = it x width, where T = 3.14159. We
recognize that this may affect somewhat the appar-
ent variability of this data set.)

Ethnoarchaeologists are often better equipped
than are prehistoric archaeologists to control fac-
tors that introduce variability into ceramic assem-
blages. These include vessel function, vessel size,
and producer. Since statistics that describe varia-
tion are dependent on how broadly or narrowly the
ceramic classes are defined, ethnoarchaeological
data sets should generally provide a more reliable
means for examining a variety of questions related
to ceramic standardization and specialization. This
is shown quite clearly in Longacre et al. (1988)
where the same data from the Philippines were
treated as if they were archaeological, without
knowledge of emic size categories. Based on the
measured data alone, on which archaeologists must
rely, it was shown that various pot size groupings
might easily arise. Consequently, variance statistics
could conceivably vary widely depending on how
such groupings are defined. Nevertheless, there
certainly is no shortage of standardization studies
based on archaeological collections (e.g., Allen
1992; Benco 1988). In archaeological settings with
well-controlled ceramic wares and types, vessel
functions, dates, and contexts, meaningful conclu-
sions might possibly be obtained.

This study restricts its focus to the functional
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class that is the most frequently used earthenware
vessel in all three communities: meat and veg-
etable cooking pots. Unambiguous size classes for
the data sets were defined by chupa measurement.
We focus on one data set of three-chupa pots and
strengthen comparability in the multigroup analy-
ses by focusing on pots only in the two-chupa size
class. Our total sample size is 1,068 vessels.

Alternative Techniques for Assessing Ceramic
Standardization

Most ceramic standardization studies that statisti-
cally test for the equality of variance generally
compute a simple ratio of two sample variances,
which is compared against an F-distribution with
appropriate degrees of freedom (Arnold and
Nieves 1992; Blackman et al. 1993; M. Stark
1991). The basic problem with this F-test, as well
as with confidence intervals based on the chi-
square distribution, is that they are sensitive to
departures from a normality assumption. In fact,
these procedures are not just sensitive, they react
extremely to even mild departures from normal-
ity, with generally disastrous consequences as
will be shown below through computer simula-
tion (Brown and Forsythe 1974; Conover et al.
1981; Miller 1968). This means that the actual
significance of obtained results can be several
times larger or smaller than the nominal level, for
example. Archaeological studies of ceramic stan-
dardization therefore need to test for normality
and, if necessary, employ procedures that are
robust against this assumption.

Testing for Normality

For this exercise we employ an excellent data set
from Dalupa, focusing on three-chupa pots used
for cooking meat and vegetables (oppaya). Here
an unusually large sample of 725 vessels is avail-
able. We first examine histograms for two of our
three variables: aperture diameter and circumfer-
ence (Figure 2a, b). Visual inspection of these his-
tograms indicates that the distributions are bell
shaped. However, some nonsymmetry is visible
and note, in particular, the straggling right tail on
the circumference variable.

Probability plots are a useful means for graph-
ically examining departures from normality,
where any deviation of the data from a straight
line suggests a non-normal distribution. Such a
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Figure 2. Histograms of (a) aperture diameter and (b) circumference in three-chupa meat/vegetable
cooking pots from Dalupa (n = 725), and a probability plot (c) of circumference. Measurements are in

millimeters.

plot for the Dalupa circumference variable is
given in Figure 2¢, which suggests that the data
may not be normal. Further evidence comes from
the sample skewness and kurtosis statistics, which
deviate from values expected for a Gaussian dis-
tribution (Table 1).

We employ the Shapiro-Wilk (1965) statistic,
W, a common and robust test for normality, to
verify that the three-chupa data distributions are
not normal (Table 1). In all cases the null hypoth-
esis of a normal population is rejected at the
a = .0001 level. In view of this finding we can
assume that normal-theory—based confidence
intervals or statistical tests are inappropriate for
these data. Later sections will show that most of
our other Philippines data sets are not normally
distributed either.

Confidence Intervals for the Standard
Deviation

Tukey’s jackknife method is a general and robust
technique that can be employed to provide para-
meter estimates and confidence intervals
(Mosteller and Tukey 1977; Tukey 1958). The
importance of this method in the present context
is best described by Miller (1968:567): “Its

Table 1. Dalupa Descriptive Statistics and Normality Tests
on Three-chupa Pots.

approximate confidence intervals are a godsend
in problems where messy distribution theory pro-
hibits the formation of exact confidence limits.”

The basic idea behind the jackknife technique
is that for each of the n observations, that obser-
vation is temporarily eliminated and the remain-
ing n-1 are used to compute the statistic of
interest, here the sample standard deviation. This
produces n estimates that are linearly combined
with the actual estimate (based on all n cases) to
yield a sampling distribution of what are termed
“pseudo-values.” A robust estimate of ¢ (the pop-
ulation standard deviation) is simply the average
of these pseudo-values (see Kvamme 1988:396
for a partially worked illustration of the jackknife
in an archaeological context). Additionally, confi-
dence intervals for o may be derived through use
of the #-distribution and the empirical standard
error of the pseudo-values (Mosteller and Tukey
1977:139-140).

The foregoing statistics are illustrated in Table
2 for the Dalupa circumference data where they
are compared with the conventional estimator of
o, the sample standard deviation of all n cases,
and the chi-square derived confidence limits.

Table 2. Confidence Intervals of 95 Percent Derived from
Normal Theory (Chi-square) and the Jackknife Method.

Standard  Lower Upper
Skewness  Kurtosis /4 )4 Derivation Deviation Limit Limit  Width
Aperture -.044 3.787 933 <.0001 Chi-Square 259 24.7 273 2.6
Circumference 1.076 12.530 921 <.0001 Jackknife (raw) 26.0 22.7 29.2 6.5
Height .166 5.265 929 <.0001 Jackknife (log) 26.0 22.9 29.6 6.7

Note: n=725. For normally distributed data, skewness =0,
kurtosis = 3, and the W test statistic is unity.

Notes: n =725 three-chupa pots from Dalupa: circumference
data. Measurements are in millimeters.
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Although the jackknifed estimate of ois about the
same as the conventional estimate (this need not
be the case), the resultant confidence interval is
substantially wider (in fact, more than twice as
wide)! Wider intervals, of course, reduce the cer-
tainty we can place in estimates making them less
desirable in comparisons with other samples, for
example. The end result is a much more conserv-
ative perspective on findings.

Mosteller and Tukey (1977:141) argue that
working with the logarithms of the pseudo-values
is a superior tactic because the resultant sampling
distribution tends to be better behaved (more
symmetrical with less straggling tails, allowing
closer approximation by the t-distribution). This
outcome, too, is shown in Table 2 where a simi-
larly wide interval is achieved. Because the jack-
knife is robust and bias reducing, we can expect
that the jackknifed intervals shown in Table 2 are
more realistic.

We emphasize that with smaller samples, the
usual case, intervals that are even more disparate
can be obtained between these methods under con-
ditions of non-normality. This means that a 95 per-
cent interval based on the chi-square distribution
might really be a 70 percent interval or worse, for
example. The jackknifed interval will presumably
perform closer to the specified level: i.e., a 95 per-
cent interval should bound the true value of ¢ 95
percent of the time (in 95 percent of samples).

The Brown-Forsythe Test for Homogeneity of
Variances

The Brown-Forsythe test, hereafter BF-test, is a
robust procedure for statistically evaluating the
equality of variances between two or more sam-
ples (Brown and Forsythe 1974). In addition to its
ability to yield approximately correct inferences
under conditions of non-normality, in contrast to
the standard F-ratio of sample variances, the BF-
test is a multigroup test that potentially frees us
from the latter’s two-group limitation.
Alternative tests for homogeneity of variance
typically are based on robust estimators of disper-
sion, such as jackknifed variances (Miller 1968),
or of location, such as a trimmed mean or sample
median (Levene 1960). The BF-test employs the
latter tactic where the data are first transformed, or
standardized, by obtaining the absolute deviation

from the class sample median (M)) for each obser-
vation (x;;) within each class: z; = | x;; - M; |.
Obviously, more variable classes will tend to pos-
sess higher average values of z than less variable
classes. The BF-test focuses on these class differ-
ences in the transformed z-values by performing a
one-way analysis of variance between the groups
under study yielding:

_ Zjnf(z,—Z.)z/(k—l)
B Zizj(zii_zj)z/(N_k)

where z; is the mean z-value for the jth class, z. is

the grand mean over all cases, »; is the jth class
sample size, and N is the size of the combined sam-
ples for the & classes. As a ratio of two estimates of
variance (between-class and within-class), B fol-
lows an F-distribution with (k-1) and (N-k) degrees
of freedom (Brown and Forsythe 1974).

B

Performance of the Brown-Forsythe Test

Several studies have shown, through computer
simulation, that the BF-test generally performs
much better than other available tests for homo-
geneity of variance. Brown and Forsythe (1974),
in strictly two-group comparisons, demonstrate
the reliability of their test under asymmetric,
long-tailed, and Gaussian distributional forms. In
other words, rejection rates were very close to
nominal levels in each of the simulations.
Conover et al. (1981), in a comparison of nearly
60 tests for equality of variance including the BF-
test presented here, found several that performed
at expected levels under a variety of distributions
and sample size scenarios in multigroup contexts.
Importantly, the BF-test was consistently at or
near the top of their list in terms of stability of
error rates and power.

To further investigate the performance of the
BF-test under conditions of normality and non-
normality, and to clearly demonstrate the fragility
of the standard F-test in the latter context, Monte
Carlo simulation techniques are again employed
in this study. The computer simulations are per-
formed under a variety of sample size configura-
tions using pseudo-random numbers generated
from the normal (using a sum of uniform deviates
algorithm [Kvamme 1993]), the uniform, and log-
normal (a heavily skewed distribution that is nor-
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Table 3. Simulation Results for the F-test and BF-test under Various Distributional Scenarios.

F-test BF-test

n=n,=10

Nominal o level: 10 .05 .01 10 .05 01
Normal .088 057 010 .083 046 .008
Uniform 027 .009 .000 078 033 .007
Lognormal 303 252 166 .096 .043 007

ny =10 ny =20

Nominal o level: 10 05 01 10 05 01
Normal .088 .045 012 102 .053 012
Uniform .028 012 .000 076 .045 .007
Lognormal 259 221 51 105 057 015

Note: All data are based on 1,000 replications.

mal only in logarithmic form) distributions. Equal
samples of n; = n, = 10 are explored, followed by
unequal samples of n, = 10 and n, = 20, each
obtained from the same distribution under a null
hypothesis of H,, : 6,2 = 6,%. A total of N = 1,000
trials is utilized for each run.

In the Gaussian simulation of the F-test, for
example, 10 pseudo-random normal deviates were
obtained for the first sample, 10 for the second
sample (from the same normal population), and
the respective sample variances and F-ratio were
computed. This was repeated 1,000 times yielding
a sampling distribution of 1,000 F-ratios. Under
the null hypothesis, and sampling from normal
populations, the resultant distribution should
closely parallel a theoretical F-distribution with
nine and nine degrees of freedom (Hays
1988:331). The theoretical Fy, indicates that
approximately .05 of the distribution possesses
values beyond 3.18; the computer simulation
yielded .057 (Table 3) showing that this test does
perform as expected under normality (note that the
theoretical standard error for N = 1,000 trials can
be closely approximated by [p(1 - p)/1,000]""%; for
the five percent level this is roughly .7 percent).
Identical procedures were performed under the
other distributional forms and sample size
schemes for this test and the BF-test (Table 3).

The results of the simulations as demonstrated
in Table 3 indicate that while the standard F-test
performs well under normality, the outcome is
poor when sampling from non-normal popula-
tions, as expected. This is particularly true when
the parent distributions are heavily skewed, as
when sampling from the lognormal distribution.

The BF-test, however, performs remarkably well,
very close to nominal levels in all cases, even
when the sampled populations are highly skewed.
The results also show that the BF-test may be
more or less conservative than the conventional
F-test, depending on the form of the parent popu-
lations. While paralleling the findings of previous
simulation work, these results demonstrate the
trustworthiness of the BF-test in these contexts
and the fallibility of the simple F-test.

Applications to Philippines Data

Armed with some confidence in the BF-test, we
now provide examples of its use through a reex-
amination of the Philippines ceramic data. We
employ two-chupa meat and vegetable cooking
pot data from three villages in this application and
use aperture data as an example. Visual inspection
of the histograms for Dangtalan, Dalupa, and
Paradijon alone suggests differing degrees of vari-
ability (Figure 3). Data from Dangtalan (the least
specialized potters) seem clearly more dispersed
than are data from either Dalupa (part-time spe-
cialist potters) or Paradijon (full-time specialists),
the latter producing the least variable vessels. Box-
and-whisker plots, shown above the histograms in
Figure 3, provide a means of visual comparison
where a continuum from the most variable
(Dangtalan) to the least variable (Paradijon) cook-
ing-pot aperture diameters is suggested.
Descriptive statistics for the two-chupa sam-
ples from three communities are given in Table 4.
The sample standard deviations and coefficients
of variation suggest differences in variation, and
therefore standardization, between these commu-
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Figure 3. Histograms and box-and-whisker plots of aperture data from (a) Dangtalan, (b) Dalupa,
and (c) Paradijon for two-chupa meat and vegetable cooking pots. Measurements are in millimeters.

nities. It is therefore appropriate to employ statis-
tical tests to assess the significance of these
observed differences. We first note the results of
the Shapiro-Wilk (1965) tests for normality,
which indicate that non-normality is the general
rule in these morphological data. Only two of the
nine analyses suggest Gaussian distributions, and
one of these is marginal. Use of the standard F-
test in a statistical assessment of these data would
thus be inappropriate, and we instead employ the
BF-test to further examine differences in variabil-
ity in our samples. The results are given in Table
5 (F-test results also are given in this table for
illustrative and comparison purposes).

The BF-test results show major differences in
variation between each village and variable com-
bination, with the possible exception of the height
variable where, in two of the comparisons,

Dangtalan-Paradijon and Dalupa-Paradijon, the
obtained p-values are in that indeterminate area
between .05 and .10 that calls for additional study
(Table 5). These findings, however, generally par-
allel the results of earlier work with these data
(Longacre et al. 1988).

In comparing findings between the BF-test and
the F-test (Table 5), note that the critical os are
strongly different (the critical « is the smallest
probability at which the null hypothesis of no dif-
ference can be rejected). This means that for any
of the tests a different statistical conclusion could
be reached depending on the actual decision «
selected. In particular, the tests suggest markedly
different conclusions for the Dangtalan-Dalupa
comparison on circumference (with p = .056 and
p = .366, BF-test given first), and the Dalupa-
Paradijon comparisons on aperture (p = .048 and

Table 4. Descriptive Statistics and Normality Tests on Two-chupa pots from Three Villages.

Variable Mean S.D. C.V. Skewness  Kurtosis Wip Decision
DANGTALAN: Least specialized, n = 55

Aperture 170.4 12.74 7.47 -.60 6.48 .898/<.0001 Not Normal

Circumference 553.0 34.69 6.27 =31 3.17 .969/.310 Normal

Height 115.1 9.60 8.34 .16 2.80 .953/.061 Normal?
DALUPA: Partly specialized, n = 171

Aperture 163.0 8.13 4.99 -.38 4.16 .922/<.0001 Not Normal

Circumference® 558.9 22.67 4.06 -.53 3.61 .926/<.0001 Not Normal

Height 130.1 7.23 5.56 -37 3.76 .936/<.0001 Not Normal
PARADIJON: Most specialized, n =117

Aperture 128.6 5.83 4.53 -.19 2.67 .904/<.0001 Not Normal

Circumference 608.6 26.18 4.30 -.18 3.16 .929/<.0001 Not Normal

Height 112.8 7.81 6.92 -42 3.04 .937/<.0001 Not Normal

Notes.: S.D. = standard deviation; C.V. = coefficient of variation; W/p = W-test statistic/significance. For normally
distributed data skewness = 0, kurtosis = 3, and the W-test statistic is unity.

This result is marginal.
®One case omitted due to faulty measurements (n = 170).
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Table 5. Brown-Forsythe and F-ratio of Sample Variances Test Results for Each Village Pair and Variable.
BF-test df p F-ratio df p
DANGTALAN-DALUPA COMPARISON
Aperture 7.01 1,224 .00869 2.46 54,170 0000123
Circumference* 3.69 1,224 0560 1.24 170,54 .3660
Height 13.13 1,224 .000360 1.76 54,170 00682
DANGTALAN-PARADIJON COMPARISON
Aperture 15.01 1,170 000152 4.77 54,116 <1070
Circumference 5.87 1.170 0164 1.75 54,116 00613
Height 3.25 1,170 0732 1.51 54,116 0664
DALUPA-PARADIJON COMPARISON
Aperture* 3.93 1,286 .0482 1.94 170,116 .000160
Circumference 3.53 1,285 0614 1.33 116,169 0436
Height* 2.98 1.286 .0853 1.16 116,170 365

THREE GROUP ANALYSES: DANGTALAN-DALUPA-PARADIJON

Aperture 7.65 2,340 000561
Circumference 9.11 2.339 .000139
Height 6.26 2,340 .00214

Notes: Three-group analyses are given in the bottom group. An asterisk (*) indicates analyses where different conclusions

might be reached by the two tests.

p = .00016) and height (p = .085 and p = .365).
While for the most part the differences between
the tests seem inconsequential in this application,
greatly different outcomes could potentially be
reached in practice when dealing with other non-
normal populations, as was clearly illustrated in
the foregoing simulation study (Table 3).

We conclude our examination by demonstrating
a BF-test for homogeneity of variance among the
three groups taken together. This multigroup capa-
bility provides freedom from the confines of
strictly two-group comparisons that have been the
rule in standardization studies owing to limitations
of the F-test (see B. Stark 1991, however). With
this test we are assessing the significance of differ-
ences in variability indicated by the statistics in
Table 4 between all three groups simultaneously.
As we might expect from the previous results, the
three-group analyses suggest pronounced differ-
ences in variation between the villages for each of
the variables examined (Table 5). The sample sta-
tistics (Table 4) and previous analyses (Table 5)
point to the nature and source of these differences.

Discussion

We have suggested several alternative methodolo-
gies that should strengthen studies of ceramic or
other forms of standardization. These include

testing for normality, using robust jackknife tech-
niques for parameter estimation and the construc-
tion of confidence intervals, and employing the
Brown-Forsythe (1974) test for comparing multi-
ple sample variances. Use of these methods will
improve standardization studies when sampling
from populations that are not normally distrib-
uted, a situation we expect is the rule rather than
the exception.

Other refinements in ceramic standardization
studies are necessary. These include increasing
our analytical control over vessel shape, function,
and especially over size classes in archaeological
assemblages. Variation in statistical outcomes is
closely related to size class definition (Allen
1992:153). For example, in our previous study of
Kalinga vessels the use of emic classes
(“medium,” “large”) produced high coefficients
of variation (Longacre et al. 1988). This is
because each emic size class in Dangtalan and
Dalupa encompasses a wide range of chupa vol-
umes. When the same data are analyzed with
more restrictive size classes, the coefficients of
variation naturally become smaller.
Ethnoarchaeology therefore provides an impor-
tant avenue for exploring the extent to which
economies of scale affect the degree of product
standardization. Unlike fragmentary archaeologi-
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cal assemblages (e.g., Benco 1988), ethnographic
contexts provide complete vessel information,
and aspects of specialization and product stan-
dardization can be controlled.

Correlations between standardization and spe-
cialization reflect complex networks of factors
that elude easy explanation. Differences in raw
materials, potters’ levels of expertise (London
1981:214), market demand, manufacturing tech-
niques (e.g., Arnold and Nieves 1992), local tra-
ditions or customs (e.g., Reina and Hill 1978),
and types of measurement aids used to produce
vessel types (Arnold 1991:367; Arnold and
Nieves 1992) all affect the relative degree of stan-
dardization in a ceramic product. Alternative,
more effective means of measuring and assessing
variability in ceramics can only help to untangle
relationships between production intensity and
product standardization.
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