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Quantitative analysis of zooarchaeological taxonomic abundances and skeletal part frequencies often relies
on parametric techniques to test hypotheses. Data upon which such analyses are based are considered by
some to be ‘ordinal scale at best’, meaning that non-parametric approaches may be better suited for
addressing hypotheses. An important consideration is that archaeologists do not directly or randomly sample
target populations of artefacts and faunal remains, which means that sampling error is not randomly
generated. Thus, use of inferential statistics is potentially suspect. A solution to this problem is to rely on a
weight of evidence research strategy and to limit analysis to descriptive statistics. Alternatively, if one
chooses to use statistical inference, one should analyse effect size to determine practical signiﬁcance of
results and adopt conservative, robust inferential tests that require relatively few assumptions. Archaeologists
may choose not to abandon statistical inference, but if so, they should temper how they use statistical tools.
Copyright © 2014 John Wiley & Sons, Ltd.
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Introduction
There was a quantitative revolution in archaeology that
was embedded in the revolution of the new archaeology
of the 1960s and 1970s (e.g., Watson et al., 1971; see
response from Thomas, 1978); statistical approaches
were increasingly employed to retarget archaeological
analysis away from the qualitative approaches relied
upon heavily by culture historians (Vescelius, 1960;
Binford, 1964; Clarke, 1968; Redman, 1974). Many
archaeologists today approach their research questions
by framing and testing statistical hypotheses. However,
these analyses may take place without consideration of
analytical scale or the relationship between samples and
target populations.
Inferential statistical tests are commonly applied in
quantitative zooarchaeological research. For example,
such tests have been used to interpret shifts in taxonomic
abundance over time (e.g., Broughton, 1994a, 1994b;
Cannon, 2000; Nagaoka, 2002; Munro, 2004; Braje
et al., 2012), relationships between taxonomic richness
and sample size (Grayson & Delpech, 1998; Cannon,
2001), taphonomic histories of zooarchaeological faunas
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(Grayson, 1984; Marean & Spencer, 1991; Lyman,
1994b; Marean & Frey, 1997; Lam et al., 1998; Nagaoka
et al., 2008), biometric differences in size of skeletal
remains (Wolverton et al., 2008; Braje et al., 2012),
relationships between different types of quantitative units
of taxonomic and skeletal element abundance (Stiner,
1991; Lyman, 1994a; Giovas, 2009; DomínguezRodrigo, 2012), and differences in mortality proﬁles
(Klein, 1982; Lyman, 1987; Wolverton, 2006). There
are many published examples in which zooarchaeologists
mainly base their conclusions on interpretations of descriptive statistics (e.g., Stiner, 1990; Marean & Kim,
1998; Pickering et al., 2003; Reitz, 2004; Steele, 2005;
Lyman, 2010); nonetheless, inferential tests are applied
to a diverse set of research problems in zooarchaeology.
Grayson (1979, 1984; Grayson & Frey, 2004)
demonstrated that zooarchaeological data on taxonomic abundances and skeletal part frequencies are at
best ordinal scale (see also Lyman, 2008). Ordinal scale
data are those that are rank order or that should be
interpreted as such, meaning that greater-than, lessthan contrasts are interpretable, but magnitudes of
difference should not be interpreted. For example, the
number of identiﬁed specimens (NISP) of a particular
taxon from a particular stratum in a particular faunal
assemblage might be 100× greater than the NISP of
the same taxon in a separate stratum, but this does
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not necessarily mean that there was 100× more individual animals represented during the period represented
by the ﬁrst assemblage. The same applies to the
minimum number of individuals (MNI) quantitative
unit. Although NISP and MNI tallies of abundance
are recorded at ratio scale, they should be interpreted,
according to Grayson (1979, 1984), at ordinal scale
or perhaps even more conservatively at nominal scale
(presence–absence).
There are many reasons to adopt this conservative
statistical approach. One reason is that at ratio scale,
NISP is subject to the ‘problem of interdependence’,
meaning that fragmentation of bones can lead to multiple tallies from the same bone, thus inﬂating sample
size (Grayson, 1984). Use of MNI instead of NISP
controls for the problem of interdependence; but,
depending on how samples are aggregated (e.g., on
the basis of excavation levels, strata, excavation units
or combinations thereof), taxonomic and skeletal part
abundance can vary greatly. Grayson (1979, 1984;
see also Grayson & Frey, 2004) found, however, that
in a large proportion of cases, at ordinal scale, taxonomic
abundances derived from MNI and NISP correlate
strongly to one another. Thus, if an analyst desires to
avoid the effects of aggregation from MNI and interdependence on the basis of NISP, either measure can be
used, but Grayson’s warning that such data are at best
ordinal scale must be heeded. Grayson’s warning has
important implications for the application of statistical
inferential tests in zooarchaeology.
An important concern relates to the target population one seeks to study; at the onset of analysis, the
zooarchaeologist has obtained a convenient sample
that may or may not allow study of variables of interest
(e.g., taxonomic abundances or skeletal part frequencies). The target population in many cases is the death
assemblage produced by those who exploited an animal
population in the past, or it may be the life assemblage
of the prey animals that were exploited (Driver, 1992,
2011; Lyman, 2008; Wolverton, 2013). Although ﬁeld
excavation strategies may employ a random design,
geographic space is sampled at archaeological sites
(Hole, 1980 and various chapters in Mueller, 1975);
populations of animals hunted, carcasses exploited,
bones deposited or bones preserved for recovery during
prehistory are not directly sampled. Collections of
faunal remains are thus best considered to be fortuitous
samples recovered from archaeological deposits. The
taphonomic history of the assemblage places even
greater contingency on the relationship between the
convenient sample that the zooarchaeologist is studying
and the target population of interest (references in
Lyman, 1994b). As a result, Grayson (1979, 1984;
Copyright © 2014 John Wiley & Sons, Ltd.

Grayson & Frey, 2004) was correct; abundance data
(whether concerning taxa or skeletal parts from a
single taxon) are at best ordinal scale. Although this
paper is framed with particular reference to
zooarchaeology, the logic expressed by Grayson
(1979, 1984) applies to quantitative analysis in other
areas of archaeology (e.g., Jones et al., 1983; Leonard
& Jones 1989; Grayson & Cole, 1998) and paleontology
(e.g., Krumbein, 1965).
An argument can be made that inferential statistics have no place in archaeology because the use
of all inferential tests relies on the assumption that
sampling of target populations is carried out in a
manner to ensure that sampling error is randomly
generated. This requirement of inferential statistics
relies on an ability to directly sample the target
population using a strategy that ensures random
selection of individual elements of the population.
As stated earlier, zooarchaeological data, although
subsets of a taphonomically inﬂuenced population
of accumulated, deposited and preserved animal
remains, do not derive through random selection
(although choice of excavation units may be random). Thus, the p-value used to ascertain whether
or not an observed pattern, difference, trend or relationship is statistically signiﬁcant will have an obscure meaning. In addition, the use of conﬁdence
intervals derived from probability distributions is
subject to the same problem as interpretation of
p-values. As a result, statistical inference in archaeology
is deserving of more detailed consideration.

Statistical hypothesis testing
All inferential tests assess a statistical ‘effect’, such as
a difference between sample means or a bivariate
relationship in paired scores, in comparison with a
null hypothesis, which states a condition of no
effect. That is, if a non-random difference or relationship (effect) is observed, the null hypothesis of
no effect can be rejected with some level of conﬁdence and the alternative hypothesis that the effect
is reliably present can be supported. The analyst sets
a limit for the level of error or the possibility of
incorrectly rejecting the null hypothesis that can
be tolerated, which is the allowable level of type I
error (e.g., alpha), traditionally set (by statisticians)
at 0.05 or 0.01. The p-value for the test that has
been run is the actual level of type I error for that
analysis given the magnitude of difference or the
strength of the relationship and the amount of
sampling error. In random sampling, larger samples
Int. J. Osteoarchaeol. 26: 255–265 (2016)
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result in less error because more of the population is
represented. As error is reduced, the ability to detect
even minor differences or weak relationships (trivial
statistical effects) increases, which is termed test
power. A probability distribution of one kind or
another (e.g., the normal distribution) is used to
set the conditions for type I error, and these distributions are the basis for statistical hypothesis testing. Such distributions predict the behaviour of
sampling error only when such error is randomly
distributed, which is why biological and behavioural
scientists devote substantial investment to sampling
design to ensure random selection (Zar, 1996).
Signiﬁcance is the reliability of the result and can be
worded as, ‘if the same analysis was undertaken on
another sample of the same size selected from the same
population using the same random approach, a similar
result should be observed.’ It is helpful to contrast
signiﬁcance to ‘effect size’. Cronk (2012:131) deﬁnes
an effect size measure as a tool “that allows one to judge
the relative importance of a difference or relationship
by reporting the size of the difference”. In contrasting
signiﬁcance to effect size, Cronk (2012:121, emphasis
added) states the following: “statistical hypothesis
testing [via signiﬁcance] provides a way to tell the odds
that differences are real [no matter how trivial], effect
sizes provide a way to judge the relative importance of
those differences”.
We should be concerned about effect size because,
as famous mathematician John Tukey (1991:100)
stated, between two samples of phenomena measured
on the same variable, A is almost always different than
B “in some decimal place”. He characterised questions
asking about whether or not such differences exist as
“foolish”. With large samples and sensitive inferential
tests, non-random effects can usually be detected.
We should, therefore, be concerned about effect size
(magnitude of the difference or association). In
archaeology, in which representativeness of sampling
is not controlled through random sampling but
through other means, such as repetitive sampling and
taphonomic analysis, effect size is more important than
signiﬁcance because of the latter’s fundamental link to
random sampling.
Effect size measures are often used to determine if
sample size is adequate for providing sufﬁcient test
power to identify a non-random effect (signiﬁcance)
(Mumby, 2002). A researcher might obtain a highly
signiﬁcant/reliable result (low p-value) related to a
relatively weak effect size (or a non-important/nonpractical result). Conversely, a researcher might obtain a result with low signiﬁcance (high p-value) with
a large effect size measure (or an important/practical
Copyright © 2014 John Wiley & Sons, Ltd.
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result). There is a tendency to overvalue signiﬁcance
and to ignore effect size (see early comment in
archaeology by Thomas, 1978:233; see a recent
discussion relevant to science by Gaudart et al.,
2014), which relates to singular focus on the role of
the p-value in hypothesis testing (a multitude of
examples could be cited here, but to do so would target case studies and authors; see Wolverton (2005)
and Wolverton et al. (2008) for self-critical examples). We return to effect size and its interpretation
in the Analyse effect size to determine ‘practical
signiﬁcance’ section later.
The p-value assists the analyst in determining if a
null hypothesis can be rejected with assurance that
randomly generated sampling error has a small
inﬂuence on the observation being made (again,
even if the effect is trivial). In archaeology, the
p-value of statistical results has no clear meaning;
the archaeologist must assume that samples under
study were inﬂuenced randomly by the vagaries of
time, such as differential preservation and the effects
of site formation processes on spatial distributions of
remains and artefacts. This observation is not new in
archaeology and was recognised in discussions of
cluster sampling related to the fact that uneven
frequencies of artefacts might be encountered across
randomly chosen excavation units or an uneven distribution of sites might be discovered in randomly
chosen survey units (Redman, 1974; Mueller, 1975;
Plog, 1976; Gamble, 1978). In addition to the fact
that target populations are not directly sampled,
the inﬂuence of past culture must also be assumed
to be random; that is, a faunal assemblage must be
assumed to have derived randomly from hunting of
a past living animal population and to have passed
randomly through a taphonomic history to the point
in time at which the zooarchaeologist employs statistical inference. We see no clear way to test the
randomness of these historical trajectories, but there
is a virtual certainty that culture and taphonomy
have not converged to emulate random sampling. Therefore,
an important question is as follows: Should archaeologists be using inferential statistics to test hypotheses related to archaeological research questions? If
the zooarchaeologist is conﬁdent that faunal samples
represent target populations, then there may be
value in statistical inference. However, signiﬁcance
is not the most important interpretative tool; there
are two ways that archaeologists might refocus
efforts to inquire about the meaning of results: (1)
analyse effect size and (2) use conservative, robust
approaches that treat data non-parametrically at ordinal scale.
Int. J. Osteoarchaeol. 26: 255–265 (2016)
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Analyse effect size to determine ‘practical
signiﬁcance’
The temptation to focus on the signiﬁcance of statistical
results should be countered with analysis of effect size of
the observed test statistic (Kirk, 1996). Most statistical
tests have related effect size measures (Table 1), which
help the analyst step beyond statistical signiﬁcance to
practical signiﬁcance. Regarding the difference between
the two, Ellis (2010:3–4) states,
A statistically signiﬁcant result is one that is unlikely
to be the result of chance. But a practically signiﬁcant result is meaningful in the real world. It is quite
possible, and unfortunately quite common, for a
result to be statistically signiﬁcant and trivial. It is
also possible for a result to be statistically nonsigniﬁcant and important.
A clear example of the difference between statistical
and practical signiﬁcance that illustrates how effect size
can aid in interpreting zooarchaeological results comes
from Lyman (2004, 2008). In 2004, Lyman published a
paper on the prehistoric abundance of elk (Cervus
elaphus) in the American West. There had been debate
as to whether or not elk were depleted by human
hunters during prehistory or if they were common
and abundant. The interpretation is important because
wildlife biologist, Charles Kay (1987, 1990, 1994),
asserted in previous publications that data from the
American West support the interpretation that

prehistoric hunter-gatherers overkilled large game during the Holocene. He argued on the basis of several
forms of data that elk were never abundant in the
Greater Yellowstone Ecosystem (GYE). Thus, it was argued that the modern ‘elk problem’ of too many elk in
the GYE is a phenomenon of eradication of predators
and the absence of human hunters in the system during
the last 150 years. Wolf (Canis lupus) reintroduction in
the 1990s and subsequent establishment of a wolf population has changed this dynamic (Cannon & Cannon,
2004; Joyce, 2012). Our point here is not to review the
GYE wolf/elk debate; rather, it is to provide an example
of statistical and practical signiﬁcance related to a
zooarchaeological case study. One can see in this
example of applied zooarchaeology that whether or
not there are signiﬁcant shifts in elk abundance over
time during the Holocene could have important
implications for understanding the archaeology of
hunter-gatherers in addition to wildlife management.
In his 2004 paper, Lyman did a series of analyses to
examine elk abundance in the American West. His
purpose was to consider data similar to those that Kay
(1987, 1990) analysed but to do so with fewer smoothing effects of time-averaging and space-averaging that
are caused by lumping together samples from broad areas
and long periods. Lyman (2004) considered one subregion, Eastern Washington, and he compared results
using site-by-site analyses compared with a single analysis that considered remains from 86 zooarchaeological
assemblages together. The analysis in which assemblages
were considered together is of particular interest here

Table 1. Effect size measures from some common inferential tests (adopted from Cohen, 1992; Cronk, 2012)
Test
Correlation coefﬁcient

Effect size measure

H0
r = 0, rho = 0

r and rho
r2, rho2

Coefﬁcient of determination
Independent t-test

μ1 = μ2

Cohen’s d

One-way analysis of variance

μ1 = μ2 = … μk

η2 (eta squared)

Mann–Whitney U-test

Median1 = median2

r = (calculated as z divided
by the square root of n)

Kruskal–Wallis H test

Median1 = median2 = … mediank

η2 (eta squared) based on
rank-order data

X2 test of independence
and related tests

fexpected = fobserved

Phi (ø)/Cohen’s w (calculated as the
square root of X2 divided by n)

Copyright © 2014 John Wiley & Sons, Ltd.

Criteria
0.7 strong
0.5 moderate
0.3 weak
50% strong
25% moderate
10% weak
0.8 strong
0.5 moderate
0.2 weak
0.5 strong
0.3 moderate
0.1 weak
0.5 strong
0.3 moderate
0.1 weak
0.5 strong
0.3 moderate
0.1 weak
0.5 strong
0.3 moderate
0.1 weak
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Figure 1. Bivariate scatterplot of the elk index (∑ elk remains/∑ elk + ∑ bison + ∑ deer + ∑ pronghorn + ∑ bighorn remains) and age of faunal assemblages from 86 sites in eastern Washington (data from Lyman, 2004, Table 8, after Figure 4).

because Lyman (2004:187–191) ﬁrst analysed the data visually considering the best-ﬁt regression line (Figure 1) and
Pearson’s r correlation and later redid the analysis with a
variant of the χ 2 test of independence (Lyman, 2008:
200–209). The two tests provide strikingly different results.
Pearson’s r correlation indicates that there is no relationship as does visual inspection of Figure 1 (r = 0.006,
p > 0.9), and “on this basis [Lyman] suggested that
there is no evidence here that the abundance of elk
relative to the abundance of all ungulates changed over
the 10,000 years represented” (Lyman, 2008:205).
However, following Cannon (2001), Lyman redid the
analysis using Cochran’s test of linear trends (also
called χ 2trend analysis) (Zar, 1996; Cannon, 2000;
Lyman, 2008). Zooarchaeologists regularly use this
type of chi-square test of independence (Cannon,
2001; Munro, 2004; Wolverton, 2005; Nagaoka,
2006; Broughton et al., 2010), which subdivides the
inﬂuence of a temporal trend from the effects of sample
size across categories to determine if proportional
abundances of taxa or skeletal parts change signiﬁcantly over time. The χ 2trend analysis for Lyman’s data
is highly signiﬁcant (χ 2trend = 112.96, p < 0.0001), suggesting that elk abundance changed during the Holocene. Thus, contrary to what Lyman reported in 2004,
humans may have had a long-term impact on elk populations if one accepts the χ 2trend result over the Pearson’s r
result. Chi-square tests, however, are very powerful
when combined tallies in categories (N) is large
(N = 20 791 for Lyman’s analysis). Test power can be deﬁned as the ability to reject the null hypothesis (here that
no trend exists), and in chi-square tests, power (or sensitivity) increases with total sample size (N). Thus, because
of the inﬂuence of high test power―related to a large
sample across the represented assemblages―what
Copyright © 2014 John Wiley & Sons, Ltd.

appeared to be a non-signiﬁcant relationship in 2004
was determined to be signiﬁcant in 2008.
Assessment of effect size allows the zooarchaeologist
to determine if the 2008 χ 2trend result is meaningful.
Effect size measures for chi-square tests take the square
root of the χ 2 statistic divided by sample size. Measures
such as this one, which is known as phi, for the χ 2 test of
independence, are expressed as a continuum from 0 to 1.
In the case of phi, a value of roughly 0.1 is considered
weak, ranging to moderate effect size at 0.3 and large effect size at 0.5. The effect size for Lyman’s χ 2trend analysis
is 0.07, which is very weak. We can safely conclude that
though there is a non-random relationship between elk
abundance and assemblage age, it is only a very minor
non-random effect detected because of large aggregate
sample size; that is, the result has no meaning in terms
of practical signiﬁcance and elk abundance (as concluded in 2004) did not change over time.
A more commonly recognised effect size measure is
the coefﬁcient of determination (r2), which is afﬁliated
with Pearson’s r correlation. The coefﬁcient of determination can be expressed as ‘the percent of the variability in the dependent variable (y) that can be explained
by a corresponding shift in the independent variable
(x)’. Thus, the lower that r2 is the less variability in y
that can be explained by a shift in x. Low correlation
coefﬁcients (r) that are signiﬁcant (with low p-values)
will produce low r2 values, meaning that although a
statistically signiﬁcant relationship exists, practical
signiﬁcance is low. For example, Wolverton (2005)
reported a Spearman’s rho of 0.54 with a p-value of
<0.01 for the relationship between excavation depth
and AMS-dated age of white-tailed deer (Odocoileus
virginianus) bone specimens from Arnold Research
Cave, a Holocene rockshelter fauna from central
Int. J. Osteoarchaeol. 26: 255–265 (2016)
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Missouri. Spearman’s rho is a non-parametric correlation of bivariate relation in ranks; thus, rho2 is the
percent of variability in the rank order of y that can
be explained by a shift in rank order of x. Looking back
with knowledge of effect size, although this relationship is non-random, only 25% of the rank-order
variability in age of accelerator mass spectrometry
(AMS)-dated bone specimens can be explained by a
corresponding shift in excavation depth (which was
pointed out in external review of that 2005 paper).
Cochran’s test of linear trends was then used to assess
temporal changes in proportional faunal indices that
highlight shifts in abundances of white-tailed deer
and box turtle (Terrepene sp.) remains during the
Holocene, and although highly signiﬁcant trends were
reported, sample sizes were medium (N = 214 for the
turtle analysis, and N = 797 for the deer analysis) and
effect size was not reported. Phi for the χ 2trend statistic
for the box turtle analysis is 0.28, which is moderate;
it is also moderate for the analysis of proportional
abundance of deer remains over time (0.25). These data
were used to demonstrate that high-rank prey [either
large bodied (deer) or slow-moving (turtles)] ﬂuctuated
with independent measures of Holocene climate
change in the region. The moderate effect size
indicates that the results have practical signiﬁcance
and that climate change and use of high-rank prey over
time were correlated.
It is well known in zooarchaeology that patterns in
proportional faunal abundances (whether skeletal part
frequencies or taxonomic abundances) can be driven
by substantial inter-assemblage differences in sample
size (references cited by Grayson, 1984; Lyman,
2008). Cannon (2000, 2001) introduced Cochran’s test
of linear trends because it is a test that partitions the
effect of shifts in proportions across time from those
related to differences in sample size between the assemblages being analysed. Prior to his introduction of the
test, researchers had been using Spearman’s rho to do
two separate analyses; the ﬁrst determined whether or
not sample size could be driving faunal abundances.
The second, if the Spearman’s rho showed no correlation with sample size, determined if there was a significant change in abundance between assemblages over
time. Cochran’s test of linear trends does not require
two analyses, and Cannon (2001) found that its use
was more likely to accurately detect temporal trends
independent of sample size effects. Cochran’s test of
linear trends is a very useful test for analysing temporal
zooarchaeological faunal data; we do not discourage its
use. Rather, we are simply advocating that effect size
measures be reported to assess the strength of the
effects that are observed.
Copyright © 2014 John Wiley & Sons, Ltd.
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If the zooarchaeologist only considers the p-value,
which may be very low and highly signiﬁcant, it is
tempting to conclude that an important shift or trend
in faunal data has been observed. If the effect size is
low, however, this interpretation would be incorrect.
Virtually any non-random and minor effect will be
detected reliably with large sample sizes using many
inferential tests; thus, the zooarchaeologist should
report effect size related to results. If the effect size
is moderate or strong (following Table 1) and the
result is signiﬁcant, then the analyst has not only
rejected the null hypothesis reliably but she/he has
also observed an important trend. Most tests of difference and correlation, whether parametric or nonparametric, have associated effect size measures with
clearly stated interpretive criteria (e.g., Cohen, 1988,
1992; Table 1). Zooarchaeologists should report
effect size with p-values of inferential tests and use
them to interpret the practical signiﬁcance of results.

Use ordinal scale and/or categorical statistics
Given the discipline-wide inability to randomly sample
target populations, it is tempting to wonder why we
use inferential statistics at all. If the p-value is potentially meaningless, then our tests of difference and
correlation are essentially elegant descriptions of samples of data for which data quality and representativeness are unknown. This fact is not easily brushed
aside; use of inferential statistics should be embedded
in a weight of evidence approach and be accompanied
by detailed taphonomic research. One alternative is to
restrict analysis to descriptive statistics; however,
descriptive statistics still require an assumption of
representativeness. In addition, should inferential tests
be employed, conservative approaches are mandatory
and effect size is important. The normality assumption
in statistics (descriptive or inferential) relates to the
central limit theorem, which concerns how the
distribution of randomly generated error behaves at
large (n ≥ 30) sample sizes. Given that sample size and
representativeness are of critical concern in
zooarchaeology (e.g., Gamble, 1978; Lyman & Ames,
2004), at a minimum, the normality assumption should
be avoided. Regarding inference, parametric tests are
more powerful because they take advantage of the normality assumption; a more powerful and sensitive test is
more likely to detect a signiﬁcant statistical effect. However, so-called gunning for signiﬁcance is not the goal of
hypothesis testing. If one wishes to extend beyond
description, a moderately conservative approach given
the constraints of archaeological sampling requires that
Int. J. Osteoarchaeol. 26: 255–265 (2016)
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the analyst make it more difﬁcult to reject the null
hypothesis by using less powerful inferential tests,
such as non-parametric and categorical inferential
tests (given the caveat of the inﬂuence of large sample
size discussed earlier).
It is helpful to think of the use of non-parametric and
categorical statistical tests in terms of robustness and
resistance. Robustness refers to the insensitivity of
statistical techniques to small deviations from the
assumptions about the distribution of sampling error
(e.g., normality) (Huber & Ronchetti, 2009:2). Resistant statistical tests are those in which the test statistic
is insensitive to small changes in the sample but not the
underlying assumptions about the distribution of the
population (which is robustness). It is crucial to
understand that non-parametric statistics cannot be
considered robust in all instances (Huber & Ronchetti,
2009:6). However, given what is known about the
zooarchaeological record, non-parametric statistics will
often be the more robust choice compared with
parametric approaches. It is the convergence of two
(aforementioned) observations that makes parametric
inference testing in zooarchaeology less robust: (1)
zooarchaeological assemblages are fortuitous samples
from populations that were not sampled directly (thus,
the distribution of sampling error is unknown); and (2)
faunal assemblages represent a conglomeration of
diverse taphonomic histories. Non-parametric (ordinal
scale) and categorical statistical tests are also considered to be more resistant because they are based on
ranks or counts in categories (Lanzante, 1996). Resistant statistical procedures should be utilised because

they are less affected by outliers. An example of a
resistant measure of central tendency is the median,
which is less sensitive to the inﬂuence of outliers than
is the mean. The median is the score at the middle
rank; thus, it is ordinal scale.
Even the most basic zooarchaeological data, tallies,
can be interpreted very differently at ordinal versus
ratio scales. For example, there has been a lengthy
debate in zooarchaeology during the last two decades
concerning whether or not midshaft fragments of long
bones of ungulates should be reﬁt prior to tallying
skeletal part frequencies (Marean & Kim, 1998; Stiner,
2002; Pickering et al., 2003; Cleghorn & Marean,
2004; Grayson & Frey, 2004; Marean et al., 2004).
The logic in support of reﬁtting long-bone shaft
fragments is the previously mentioned problem of
interdependence using NISP; multiple specimens from
the same element could be counted as NISP and thus
inﬂate skeletal part frequencies for a particular body
part and/or taxon (Marean & Kim, 1998).
Pickering et al. (2003) demonstrate using data from
an actualistic study by Capaldo (1995) that there is
an inﬂuence of carnivore ravaging on frequencies of
proximal-end, distal-end and midshaft portions of long
bones of bovids of three distinctive body sizes at ratio
scale (represented in Table 2). The study mimicked
discard of ungulate remains from Hominid sites in East
Africa, and remains were ravaged by carnivores. Longbone portion frequencies were compared between preravaged and ravaged assemblages. In all cases, the NISP
of midshaft specimens increased substantially and
frequencies of ends decreased with ravaging. The

Table 2. Number of identiﬁed specimens (NISP) of pre-carnivore-ravaged and carnivore-ravaged bone fragments and the difference
between ratio scale and ordinal scale interpretation (adopted from Table 3 in Pickering et al. (2003))
Size class

Limb portion

Pre-ravaged
NISP

Pre-ravaged
NISP rank

Ravaged
NISP

Ravaged
NISP Rank

Proximal epiphysis
Shaft
Distal epiphysis

64
138
62

2
1
3

9
253
5

2
1
3

Capaldo, 1995

Proximal epiphysis
Shaft
Distal epiphysis

101
418
96

2
1
3

27
780
14

2
1
3

Capaldo, 1995

Proximal epiphysis
Shaft
Distal epiphysis

71
306
66

2
1
3

22
577
11

2
1
3

Capaldo, 1995

Proximal epiphysis

63

3

19

3

Domínguez-Rodrigo (from
Pickering et al., 2003)

181
86

1
2

260
27

1
2

Source

Size class 1

Size class 2

Size class 3

Size class 3
Shaft
Distal epiphysis
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authors concluded that use of NISP without reﬁtting is
ﬂawed because of these shifts in skeletal part frequencies at ratio scale. However, if Grayson’s approach is
followed and data are considered at ordinal scale,
which is (again) appropriate with zooarchaeological
data given the contingencies preventing direct,
representative sampling of target populations, a much
different interpretation emerges. First, for each type
of bovid, there is no change in the rank-order
abundance of proximal-end, distal-end and midshaft
portions despite the ratio-scale reduction in ends and
increase in shaft fragments (Table 2). Second, the abundance of all portions, regardless of bovid size between
the 12 pre-ravaged and ravaged assemblages is strongly
correlated at ratio scale (r = 0.99, p < 0.05) and ordinal
scale (rho = 0.92, p < 0.05), indicating that NISP of portions prior to ravaging drives abundance after ravaging.
We do not wish to make a recommendation as to
whether or not zooarchaeologists should reﬁt midshaft
fragments; rather, our point, much like with Lyman’s
study of elk abundance, is that a different interpretation

emerges with a more robust, resistant, yet less powerful
statistical approach (ordinal scale instead of ratio scale).
We have used one portion of Pickering et al.’s (2003)
analysis here to clarify this point; for a more complete
history of the midshaft reﬁtting debate, see Marean
et al. (2004).
In archaeology, robust approaches that require
relatively few assumptions and resistant statistics that
are not as inﬂuenced by outliers represent conservative
approaches for statistical description and inference. In
terms of basic inference, nearly all parametric tests,
such as t-tests and correlation analyses, have sibling
non-parametric tests that avoid the normality assumption by addressing data at ordinal scale (Figure 2).
Data may also be considered conservatively using
categorical tests of proportions (Figure 2). However, it must be acknowledged that avoiding more
powerful parametric tests does not allow the
archaeologist to escape from the general problem
of being unable to probabilistically sample target
populations of interest.

Statistical Approaches

Description

Inference

Parametric

Non-parametric

Parametric

Non-parametric

(Ratio scale)

(Ordinal scale)

(Ratio scale)

(Ordinal scale)

Central Tendency
Mean

Median, Mode

Dispersion
Variance,
Standard
deviation,
Coefficient of
variation

Interquartile
range, Range

Independent
samples t test

Mann-Whitney U
test

Dependent samples
t test

Wilcoxon rank sum
test

One-way ANOVA

Kruskal-Wallis H test

Pearson’s r
correlation

Spearman’s rho
correlation

Categorical
Chi-square
goodness of fit
Chi-square test of
independence
Cochran’s test of
linear trends

Figure 2. Examples of related parametric (ratio scale) and non-parametric (ordinal scale) descriptive statistics and inferential tests.
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Pandora’s box
Archaeologists have opened Pandora’s box because
statistical inference now assumes a large role in research
(as evident by the numerous statistical textbooks
authored by archaeologists over the past several decades). Given that neither a purposeful nor a probabilistic sampling design during excavation can ensure random
sampling of target populations, should the box be
closed? Or should we simply ignore these problems of
statistical inference and move on wearing comfortable
disciplinary blinders? Perhaps statistical inference should
be abandoned in archaeology, but if we are to employ
traditional inferential statistical approaches in archaeology, the box cannot be closed. How can representativeness of a sample be assessed? This may depend on the
type of research question being addressed, but there
are some promising avenues of inquiry. These are merely
suggested here and are not covered in great detail.
First, the writing of taphonomic histories in
zooarchaeology (analysis of site formation processes in
general for archaeology) is critically important because
without full consideration of the processes that inﬂuence
assemblages of remains leading up to analysis, all processes
that inﬂuence the sample are unknown. Second, analytical
approaches such as nestedness and the use of sampling to
redundancy may help us understand representativeness of
taxonomic assemblages of past ecological communities
(Lyman, 2008; Peacock, 2012). Isotopic chemistry approaches may also be useful in this regard (Peacock et al.,
2012). Similarly, the bauplan of different types of animals
provides an expectation for analyses of skeletal part frequencies (references in Lyman, 1994b). Third, within a locality or region, a weight of evidence approach that relies
on several related proxy variables, such as taxonomic abundance data, prey demographic data, independent environmental records and related measures can increase
conﬁdence in the validity of observed statistical effects
(e.g., Stiner, 1994; Broughton et al., 2010). There are many
ways that the archaeologist can increase sample size or
compare multiple related assemblages to determine if they
register the same changes and thus inferentially monitor
the same cause (e.g., climate change) (Findley, 1964;
Grayson, 1981). Zooarchaeologists should test hypotheses using weight of evidence, conservative ordinal scale
approaches and interpretation of effect size, rather than
emphasising statistical signiﬁcance because random sampling of target populations in most cases is not possible.

Conclusion
Our brief but critical examination of sampling in
zooarchaeology and how it relates to the use of
Copyright © 2014 John Wiley & Sons, Ltd.
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inferential statistics has identiﬁed problems but also
solutions. We surmise that archaeologists tend to focus
on the signiﬁcance of results, and we suggest that effect
size criteria for those results should also be assessed and
are more important. Our commentary might be taken
to mean that we should not use inferential statistics in
archaeology/zooarchaeology. Indeed, a conservative
solution is to simply use non-parametric descriptive
statistics instead of inferential tests. Statisticians did
not have in mind the types of sampling problems
archaeologists face when fundamental statistical tests
were developed. The origins of these tests relate to
datasets that derive from analyses in which sampling
design can be highly controlled and random generation
of error can be ensured. In archaeology, we embrace an
important trade-off; we exchange the intrigue and
mystery of studying the past for reduced control of
sampling and data quality. It is our contention that
we be transparent about this exchange when we
employ and interpret inferential statistical approaches.
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