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Summary. To estimate and compare the proportions of different
types of pottery in ceramic assemblages (‘type’ being defined accord-
ing to need, e.g., functional type, chronological type), archaeologists
need a measure of the amount of each type. The most suitable
proposed measure is the ‘eve’ (estimated vessel equivalent), for
which each measurable fragment is scored as a fraction of a complete
vessel.

The ‘Pie-slice’ project, funded by SERC-SBAC and the British
Academy, uses a new statistical transformation (the ‘pseudo-count
transformation’), which converts eves into ‘pies’ (pottery informa-
tion equivalents), with the property that an assemblage of n pies has
the same error structure as one of n complete objects. This enables
assemblages to be compared by techniques for categorical data,
mainly log-linear and correspondence analyses; reduction of the data
matrix is usually needed. Case studies of a variety of problems are
presented.

1. The need for quantification
1.1 Introduction

An important part of the archaeological study of pottery is the comparison
of assemblages, groups of pottery that in some sense belong together. This
can be done at many levels: for example, the pottery from a single context or
a feature (e.g., a rubbish pit), from a phase of a site, or from a period in a
town. An assemblage can be characterised by its composition, i.e., the
proportions of different types of pottery of which it is made up; the definition

Read 13 February 1991. © The British Academy 1992.



164 C. R. Orton & P. A. Tyers

of ‘type’ is flexible and can be chosen to meet particular needs (see below).
Assemblages can be compared in terms of their compositions. Different levels
of assemblage and different definitions of type can be used to answer different
questions, the main sorts of which are chronological, spatial and social/func-
tional.

To be able to characterise assemblages in this way, we need a measure of
the amounts of the various types of pottery of which they are comprised. If
an assemblage consisted of whole vessels there would be no problem—one
could just count the pots. In practice whole vessels are relatively rare and
assemblages consist of pottery in varying degrees of fragmentation and
survival. Measuring the quantities of different types under these circumstan-
ces is the core problem. In section 2 we shall see how it has been approached
in the past.

1.2 Chronological questions

1t is often assumed that the usage of types of pottery follows a simple
continuous and unimodal pattern over time—introduction, increasing usage,
steady usage, decreasing usage, demise. If this is so, the relative proportions
of types in assemblages which form a chronological sequence at a location
will also follow a simple pattern (Figure 1). If the proportions are known but
the sequence is not, it can be reconstructed by organising the compositions
into this sort of pattern. This is the basis of the technique of seriation, which
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Figure 1. Hypothetical seriation of the proportions of types A-H in contexts 1-10.

I riririr




COUNTING BROKEN OBJECTS 165

is of great value in archaeological research, although its assumptions are
sometimes challenged (see Marquardt 1978 for a review; the definitive work
is likely to be Laxton, forthcoming).

1.3 Spatial questions

If a type of pottery is traded or distributed from a centre of production, the
proportion of it that one would expect to find in assemblages decreases as we
move away from the centre. The rate and shape of this fall-off can be
interpreted in terms of the methods of distribution and marketing (Hodder
and Orton 1976, 104-119). The problem can be studied from either end, (i)
looking at the distribution of a particular type or ware across a region (e.g.,
Lyne and Jefferies 1979, Figures 42-53) or (ii) looking at all the sources of
pottery found at a location (e.g., Green 1980, Figures 42-45).

1.4 Social/functional questions

On all but the smallest sites, different parts may have been used for different
purposes, e.g., cooking and eating. This may be reflected in the usage of
different types of pottery, and, if methods of rubbish disposal were localised,
in the archaeological record (e.g., rubbish pits). This approach formed the
basis of Millett’s (1979a) study of pit-groups from the late Roman fort of
Portchester. On a wider scale, social differences within a town might be
reflected in differences between assemblages from different parts of the town.
There has been surprisingly little work of this nature; a good example is
Redman’s (1979) work at Qsar es-Seghir.

1.5 Summary

In all these circumstances, which use different levels of assemblage and
definitions of types, there is a need for a measure which can be used to
determine the proportions of the types, and to compare them between
assemblages. In the next section we shall look at various measures that have
been proposed, and attempts that have been made to compare them.

2. Previous work
2.1 The initial phase

The first use in the field was seriation (Petrie 1899). Its application to
quantified assemblages of pottery started in the USA nearly twenty years
later (Spier 1916). Comparisons were made in terms of numbers of fragments
of each type (the sherd count), because this was the level at which pottery was
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generally studied in the USA at that time. Techniques developed through to
the 1960’s (e.g., Ford 1962), but the use of sherd counts was not challenged.

Realisation that even apparently ‘coarse’ wares could be distributed over
wide areas came in the 1930’s (e.g., Shepard 1942), but it was not until the
1960’s and *70s that quantified distributional studies became common (e.g.,
Peacock 1977). No great attention was paid to the question of measures; for
example, even the often-quoted work of Fulford and Hodder (1974) relied on
sherd counts.

2.2 Competing measures

Part of the revolution that occurred in pottery studies around 1960 (Orton
et al. forthcoming) was the opening-up of the question of measures and the
emergence of rivals to the ubiquitous sherd count. The first alternatives were
number of vessels represented (Burgh 1959) and weight (Solheim 1960),
followed by vessel-equivalents (the idea can be found in Bloice 1971 and
Egloff 1973; the term was coined in Orton 1975—see below for definition),
surface area (Glover 1972, 93-6; Hulthén 1974) and displacement volume
(Hinton 1977). The last two are very similar to weight, and need no
explanation; the term ‘vessel-equivalent’ may be less familiar. Starting from
the idea that every sherd is a certain proportion of the whole pot of which it
once formed part, we can (in theory) assign these proportions to sherds as
‘scores’ and add them up to find the total amount of a type. Since a whole
pot would give a score of 1, we can say that a group of sherds with a total
score of x is equivalent to x pots (x is usually not a whole number). In practice
it is not usually possible to assign a score to every sherd, and one is restricted
to sherds such as rim sherds whose size can be measured in terms of the
proportion of some whole (e.g., a complete rim). Since we are sampling the
measurable sherds from an assemblage, we refer to the estimated vessel
equivalent (abbreviated to eve).

2.3 Comparisons

Once there was more than one measure, attempts were made to compare
them. Glover (1972, 96), comparing sherd count, weight and surface area,
concluded that “any one would be quite accurate as a measure of frequency”.
Hinton (1977) compared sherd count, rim sherd count, weight and displace-
ment volume, concluding that weight was the fastest but sherd count
probably the most accurate measure, but of what it is not clear. Millett
(1979b) compared sherd count, weight, adjusted weight (an estimate of
surface area) and minimum number of vessels; he concluded that they were
all highly correlated but, for practical reasons, weight was probably the best.
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The development of our view can be traced in a series of papers (Orton 1975;
Orton 1982; Orton and Tyers 1990). These studies have ruled out sherd count
and number of pots as biased, and favour eves (wWhere practicable) with
weight as a respectable but less useful measure.

3. The pie-slice project
3.1 History of the project

Our work on this topic (Orton 1975; 1982) had achieved some results, but had
ended in frustration because of its inability to attach standard deviations to
estimates of proportions of types, and hence to test the significance of
observed differences between assemblages. The publication of the CODA
technique (Aitchison 1986) seemed to offer a way out of the impasse, and a
two-year project, the Statistical Analysis of Ceramic Assemblages, started in
1988 with the theoretical aims of:

i) being able to set confidence limits on the proportions of a ceramic
assemblage that belong to different types,

ii) being able to compare, numerically and graphically, the compositions
of two or more assemblages in terms of the proportion of each type present
in each assemblage, and to assess the statistical significance of the differences
between them, and

iil) the practical aim of applying the theory to assemblages from a wide
range of sites, of different types and periods, to assist in their interpretation,
and hence the interpretation of the sites themselves. It was expected that the
work would lead to recommendations about the recording of ceramic assem-
blages, and that CODA would be heavily used. The fortuitous non-availabil-
ity of the CODA package at the start of the project led to the development
of a new approach, described below, which made CODA unnecessary for
pottery assemblages.

3.2 Basic theory

The numbers of records of the jth type in an assemblage is denoted by m;,
(G =1,...,T), and the total number of records by m.

The measure of the ith record of the assemblage is denoted by w,,
G=1,...,m).

The total measure of a type is denoted by W; G = 1, ..., T), and the
overall total by W (note that upper case is used for type and assemblage
totals, and lower case for individual values).
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The symbol ~ j refers to all types except the jth, and X; means summation
over the jth type.
The unadjusted sum of squares Z;w; is denoted by S;.

3.2.1 Estimates of proportions in a single assemblage
The proportion p; is estimated by:
p=W/W,forj=1,..., T
We define two new variables x(j) and y(j) for all records by:
x0) =w
vi(j) = w; if the ith record relates to the jth type,

= 0 otherwise.

Then p; = W;/W = Zy,(j)/Zx(j) , a ratio estimate.
Cochran (1963, 30-1) gives a formula for the variance of a ratio estimate,
leading to:

var(p;) ~ (m/(m — DWH{WLS] + WiS_;} M)
and:
cov(f)j,fok) = —(m/(m — l)W“){Wsti + WWij2 — WjWksz} 2

3.2.2 Comparing proportions in two or more assemblages

Given any type j, we can compare var(p;) with the variance of an estimate
based on a binomial model, i.e., on an assemblage of complete vessels.

In the latter case, the formula is var’(p;) = p;§;/n, for a population of size
n, where §; = 1 — p;.

So the variances would be the same if var(p;) = p;§;/n.

We can turn this round and define n; = §;q;/var(p;), so that n; is the
number of whole vessels that would give the same value of var(p;) as our
sample of m measurable records.

The full formula is:

n = ((m — D/m)W,W _W{W2,;S? + WS} 3

The weakest condition so far found for n; to be the same for all j is that
S; [W; = c for all j, which is satisfied if all types have the same mean and
variance of w. In this case we pool our estimates of the mean and sum of
squares of w, obtaining W/m and S’ respectively, and replace W; by W(m;/m),
S} by S*m;/m). So:
n, = ((m — 1)/m)(mj/m)(m~j/m)W4/{W2(m~j/m)252(mj/m)

+ W(m;/m)’S*(m__;/m)}
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((m — D/mW?/{(m_;/m)S* + (m;/m)S’}
((m — 1/m)W?*/S? (4)

So that if all the types have the same mean and variance of w, we can by
pooling estimates obtain a common value n = n; for all j.

We now have the background theory we need to look at the comparison
of several assemblages, say A of them.

We have vectors of measures {W,,, . .., W},
of numbers of observations {m,,, . . ., m;;},
of sums of squares {S, ..., Sk},

and estimates of proportions {p,;, . . . , Pir}>

and variance-covariance matrices || cov(p; , Pa) Il
foralll <r < A.
We want to compare the vectors of estimated proportions, e.g., to test a
hypothesis H, : all assemblages are ‘the same’, i.e., can be thought of as
samples from the same parent population.

We assume that each assemblage has a single n-value, which we call n,,
forl <r <A.

We replace each W by n(W,/W)), forj=1,.. ;Tandr = 1,..., A.

Calling the new numbers Wy = (n,/W)W,,

we have W] = n, for all assemblages r.

The estimates of proportions are unchanged:

Py = Wi/W. = Wy/W, = P,
and so are their variances and covariances:

var(py) = (m/(m — D)S?/W)(m,/m)(m,_;/m,)
(m/(m — 1))(S7/W;)(my/m)(m, _;/m,)
= var(py),

since S = (n,/W,)’S? and W/ = (n,/W,)’W2.
And:

cov(py.pi) = (m/(m — D)S? /W) (my/m)(my,/m,)
(m/(m — D)(S?/Wr)(my/m,)(m,/m,)
= cov(f’rj:ﬁrk)

for the same reason.

Recalling (4) and writing m;/m, = P, etc., since the assemblages are
homogeneous, we have:

Var(f)rj ) ~ f’rj er /nr
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and

cov(f)rj’f)rk) ~ ﬁrjf)rk/nr .

But these are exactly the same as the variance and covariances we would
obtain from a multinomial distribution with parameter p and sample size n.

This is a very important result. It means that, as a large-sample approxi-
mation, we can treat the transformed data as a series of samples from
multinomial distributions. We can therefore treat the data collectively as a
contingency table, and use any of the theory appropriate to contingency
tables (e.g., log-linear models or correspondence analysis; Greenacre 1984).

For the first time, this approach enables to make proper statistical com-
parisons between the proportions of different types in different assemblages.
We refer to the transformed values Wj; as pseudo-counts. They are not
integers, but can be treated for statistical purposes as if they were. We call the
transformation expressed in equation (4) the ‘pseudo-count transformation’
(pct), the numbers n; ‘pseudo-counts’ (because they behave like counts but
are not integers), and the total n the ‘pseudo-total’. When applied to pottery
the pseudo-counts are called ‘pies’ (pottery information equivalents) because
one pie contains as much information (in the statistical sense) as one whole
pot.

3.2.3 Log-linear and quasi-log-linear analysis

Suppose we have a three-way (context-by-fabric-by-form) table of pseudo-
counts n. To follow the standard notation (e.g., Fienberg 1977) we replace n
by x, with subscripts i, j and k for three variables, usually context, fabric and
form respectively. Context is treated as an explanatory variable, and fabric
and form as response variables. We can construct nested models of increasing
complexity and archaeological reality, from complete independence at one
extreme to the saturated model at the other. The intermediate models corre-
spond to different archaeological needs:-

i) the common (but not universal) situation of different forms being
produced in different fabrics,

ii) a functional approach, in which the primary source of variation
between contexts is thought to be function, represented by different propor-
tions of the different forms present,

iil) a spatial (inter-site) or chronological approach, in which the primary
source of variation between contexts is thought to be the sources of the
pottery, representing either geographical or temporal variation (or both).

Within each model, we can calculate the estimates rhy, and carry out a
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goodness-of-fit test, using the likelihood ratio statistics G*(1), G*(2), G*(3),
G?(4), where (Bishop et al. 1975, 125):

G? = 2Zxlog(x/rh).

This approach enables us to find the simplest model that fits the data
reasonably.

Unfortunately, there are many fabric-by-form combinations that cannot
exist, and many fabric-by-context and form-by-context ones that do not exist
in a particular dataset. The design of the data is incomplete, and the theory
of quasi-log-linear models (Bishop et al. 1975, 177-228) must be used. This
theory raises important and difficult questions about which zeros are struc-
tural and which are random, which also have crucial implications for the
calculation of the number of degrees of freedom.

We have looked at three approaches to the problem of which zeros should
be treated as structural:-

i) treat all zeros as random, i.e., use log-linear models [2.5]. This leads to
high numbers of degrees of freedom, and a situation in which almost any
model would fit the data [3.4] (references in square brackets are to sections
of the archival report Statistical Analysis of Ceramic Assemblages; see Section
3.4).

ii) treat zeros as structural if they correspond to a zero in a marginal
two-way table [2.6.5]. This approach (‘conditioning on all the data’) gives
realistic degrees of freedom but obscures the points which may be of most
interest archaeologically.

iii) treat zeros as structural if they correspond to a zero in a marginal
two-way table which has already been shown to relate to a significant
interaction (‘conditioning on the model’ [2.6.2]). This gives rise to fewer
degrees of freedom than (i) but more than (ii); more importantly, it seems to
correspond most closely to archaeological reality. It does however seem
prone to trouble from sparse datasets (see below).

3.3 Problems

Two main problem areas which require a theoretical response have been
encountered: (i) inhomogeneity and (ii) sparseness.

3.3.1 Inhomogeneity

Inhomogeneity occurs when not all types in an assemblage have the same
distribution of w. There are two situations in which it is likely to arise: the
first depends on site formation processes and the second on the nature of the
types.
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If the post-depositional history of pottery is seen as a series of ‘events’, at
each of which further breakage and dispersal may occur, then W decreases
(weakly) at each event. Types which have had a longer post-depositional
history are likely to have a smaller w, which in principle identifies them. This
has long been known intuitively in archaeology and is known as residuality;
for most comparative purposes it is useful to be able to isolate any residual
types.

This argument rests on the assumption that all types break equally readily
and at the same rate. In practice this is not the case, and we can identify types
which are more resistant to breakage than the usual run of types. They are
usually small and/or thick-walled or (if we are measuring rims) have a small
rim diameter, e.g., flagons. We call them ‘chunky’ types. Their inclusion in
an assemblage boosts both w and S* unrealistically; we have therefore
developed a technique for adjusting for chunkiness [2.4].

Inhomogeneity seems to be a manageable problem. The latter sort is
identified by unusually high values of w and can be allowed for statistically.
The former is identified by unusually low values. We have devised an
approach which should accommodate this effect (the ‘hinged’ contingency
table) and intend to implement it in phase 2 of the project. Identifying either
sort requires a multiple comparison method; unexpectedly, the most satisfac-
tory was one of the earliest: Fisher’s least significant difference (LSD) test
(1935).

3.3.2 Sparseness

Even when using quasi-log-linear analysis, we encounter problems because of
the many ‘small’ cells in the table. They are:

i) if there are many such cells, they may contribute greatly to the number
of degrees of freedom, but little to the overall X* or G” statistic, thus masking
any potential significance of other parts of the table,

ii) the presence of a very small expected value together with a positive
observed value can give an abnormally high contribution to the X? or G
statistic.

The answer seems to be merge or delete rows and/or columns of the table
to remove small cells. We adopted the criterion that all cells should have an
expected value of at least 1.0 (see Craddock and Flood 1970), and devised a
technique called ‘simultaneous reduction of dimension’ (srd) to achieve this
aim (Orton and Tyers 1991). At present, use of this technique may cause
problems in the interpretation of any subsequent analysis because it affects
significance levels; this will be tackled in phase 2 of the project.
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3.4 The present situation

In the interval between the two phases of the project (September 1990 to
April 1991) we can stop and take stock. We have available:

i) a computer package written in C and running in ‘command-line’ style
over Unix on 80386-based micros. It has three main elements—the pseudo-
count transformation (pct), the simultaneous reduction of dimension (srd)
and the quasi-log-linear analysis (qlla). It makes use of the correspondence
analysis program (ca) in the iastats package (Duncan et al. 1988).

i1) computer-based catalogues of ceramics from Roman, medieval and
post-medieval sites in Chelmsford*, Lambaesis (Algeria)*, London, Silches-
ter basilica, Winchester, Worcester (urban sites), Usk (military site), Ewell
(Surrey), Leicestershire*, Witham (Essex)* (rural sites) and Southwark* (kiln
site). Funding for the computerisation of catalogues from the sites marked
with a * was provided by the British Academy.

iii) an archival report on the project, including case-studies on sites in
London, Silchester, Winchester, Usk and Ewell.

Dr. Tyers worked in France from January to April 1991, applying Pie-
slice to assemblages of Roman pottery from various sites.

3.5 Future work

Three main theoretical tasks and one practical one face us in phase 2. The
theoretical ones are:

i) extension of our current ‘large-sample’ theory to ‘small-sample’
problems. This is likely to require monte carlo methods and should yield
information on the minimum size of a viable dataset.

ii) the treatment of inhomogeneous assemblages of the first sort defined
in Section 3.3.1.

iii) most seriously, the interface between srd and qlla and ca needs
attention. The use of srd to merge categories carries the risk of altering the
real significance levels of tests carried out in subsequent glla, making the
differences between groups appear more significant than they actually are.
There are also problems in combining archaeological and statistical criteria
in decisions about merging categories. The answer to both is probably to
make srd more flexible and to move away from an over-riding strictly
hypothesis-testing approach.

The practical problem is to make this work accessible to ordinary arch-
aeologists working on pottery, through the creation of a ‘friendly front-end’
running in a windowing environment such as Open Desktop.




174 C. R. Orton & P. A. Tyers

4. Case studies
4.1 Introduction

The uses made of the datasets have been at four levels:

1) checking the operation of the programs,
i) answering specific technical questions, e.g., on structural zeros,

iil) searching for the appropriate level of aggregation of fabrics, forms and
assemblages for different questions,

iv) producing interpretable results for discussion with the originators of
the datasets.

Artificial datasets have also been used to help with i) and ii). Questions
at levels ii) and iii) are discussed elsewhere in this paper, as they arise. Here
we concentrate on level iv) but are inhibited by the need to maintain confiden-
tiality of unpublished data. We shall look at the results thematically rather
than site-by-site.

4.2 Chronological patterns

So far, these have dominated our analyses, especially of the late pre-
Roman and Roman periods. It is well known (see Madsen 1988, 24) that a
chronological sequence should be represented by a ‘horse-shoe’ shaped curve
(approximately a parabola) on a correspondence analysis plot. We have
observed such patterns at Usk (AD 55-70), Lime Street, London (AD
70-160), and Silchester (¢.15 BC-AD 60). Perhaps more interesting than the
expected horse-shoe were the deviations from it:

i) at Lime Street, ‘rag-bag’ categories (e.g., fine imported wares’) occupy
locations well off the curve, towards the centre, because they are an amalgam
of types of different dates,

ii) at Silchester, context-groups with apparently high proportions of
residual material also lie off the inside of the curve, towards the ‘early’ end.

4.2.1 Lime Street [7.3]

Comparison of fabrics with phases gave an apparently horse-shoe-shaped
curve (Figure 2), with fabric SHEL (shell-tempered ware) early in the
sequence and BB1, BB2 (black-burnished wares) and MORT (mortaria) late
in the sequence indicated by the ordering of the phases, but with most of the
points bunched in the apex of the curve.

The removal of SHEL opens up the curve (Figure 3). Phase 1 (which has
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other types and phases
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Figure 2. Correspondence analysis plot of fabric against phase, Lime Street site, City of London.

become very small by the removal of SHEL) and phase 6 (always very small
and possibly residual) are out of sequence, but the major phases (3, 4 and 5)
are in the ‘right’ order. The fabric FINE IMP now stands out from the curve;
its removal would open out the curve.
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Figure 3. As figure 2, with fabric SHEL removed.
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Figure 4. Correspondence analysis plot of fabric against feature-group, Silchester basilica site.

4.2.2 Silchester basilica [7.2]

In the period to which the data relate, both forms and fabrics changed
rapidly, with many introductions of new types. In the ca plot (Figure 4) the
features and fabrics are arranged in a horse-shoe-shaped curve suggesting a
broadly chronological progression. The ‘early’ end of the curve would be
fabric G1 ( the ‘Belgic’ grog-tempered wares) and feature groups ~ f856, £525
and f815. They include most of the phase 1 and phase 2 deposits. The ‘later’
part of the curve includes the sequence ~TR, ~TN, and SG which would
be the expected order of introduction for the fine ware fabrics terra rubra,
terra nigra and South Gaulish samian.

The group ~f550 lies towards the centre of the curve and has a slight
positive residual on fabric Gl—the ‘early’ grog-tempered ware. This may
suggest a higher proportion of residual material in these contexts.

4.3 Spatial patterns

The opportunity to investigate spatial patterns between sites has not yet
arisen, but we intend to compare Chelmsford and Witham (Essex), and
possibly some of the Leicestershire sites, in phase 2 of the project. It might
be possible to compare Ewell (Surrey) with a London site, but it would be
difficult to find a site that matches chronologically. Within-site analyses are
considered under functional/social patterns (see below).
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4.4 Functional/social patterns

We had hoped to observe such patterns on the Silchester and Aldgate,
London (17th-18th century) sites. At Silchester we have so far been unsuc-
cessful, because any such pattern seems to be masked by chronological
changes in the forms available.

At Aldgate [7.4] there are four main types of feature—cesspits, cellars,
make-up layers and structural features (e.g., foundation trenches)—at least
one of which could be expected to correlate with the pottery. Although the
obvious association of chamber pots with cesspits was detected, and a further
one (cups and dishes with some make-up layers) was suggested, the results on
the whole were difficult to interpret. Contexts tended to be grouped with
contexts from other features rather than with other contexts from the same
feature. While this could arise if several pits or cellars were open simul-
taneously and receiving contemporary material, this interpretation seems to
be optimistic. Examination of the published functional typology (Orton and
Pearce 1984, 63) shows that in this example broad categories of form cannot
be simply equated with function, since the function of (for example) a bowl
depends on whether it is decorated or not—information that is not available
in this analysis.

It was the medieval tenements at Brook Street, Winchester [7.5], that gave
the clearest indications of this sort of patterning. A preliminary analysis of
forms by ‘final phases’ (phases within buildings) showed a three-way opposi-
tion between cooking-pots, jugs and lamps, with bowls (including bowl/dish
and bowl/jar) occupying a central, roughly neutral, position (Figure 5). The
final phases that can be linked with these forms through the ca show an
association of lamps with industrial activity (dyeing, metal-working), jugs
with a stone-built house and cooking-pots with less substantial houses. The
interpretation of these results is at an early stage and must be seen as
provisional.

4.5 Discussion

It is clear that the statistical analyses are not a panacea, and make careful
archaeological preparation and interpretation more, rather than less, neces-
sary. The definitions of fabrics, forms and assemblages, and their grouping
into larger units for specific purposes (see below) have to be carefully thought
out. But provided this is done, there does seem to be scope for the detection
of patterns which might otherwise have gone unnoticed.
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Figure 5. Correspondence analysis plot of form against final phase,
Brook Street site, Winchester.

5. Implications for pottery studies
5.1 Recording methods

In Section 3.2, we saw that the weakest condition for the existence of a
pseudo-total n was that:

S}/W; = c for all types j;

this seems to mean in practice that all types should have the same mean and
variance of the measure w. Of the four measures considered in Section 2.2,
only vessel-equivalents and number of vessels represented meet this require-
ment; weight could do so if it were possible to scale all types to a common
weight (thus becoming an alternative estimate of the vessel-equivalent—the
standardised weight approach). Earlier work (Orton 1975; see Section 2.3)
has shown that number of vessels represented has serious and unpredictable
biases; the only suitable measure is the vessel-equivalent or its estimate, the
eve.

There remains the question of the best way to estimate the vessel-equiva-
lent. The most commonly-used is the rim-eve, but other approaches should
always be considered. When the necessary information is available, the
standardised weight (see above) is likely to give a very good estimate.
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The amount of pottery comprising the individual record is very impor-
tant. Strictly, if we are to use the pct and subsequent statistical theory, each
record should contain the measure of all measurable sherds of the same pot
in the same assemblage (the ‘measurable sherd family’). If one family is
divided between two or more records (the ‘over-detailed record’), the theory
is not applicable because the observations are not independent. If two or
more families make up the same record (the ‘conflated record’) the theory
may be used but the variances are inflated. In practice, we can tolerate a low
level of the occurrence of either of these problems [4.2.2]. Nevertheless, when
recording pottery archaeologists should strive to achieve the ‘one measurable
sherd family per record’ rule.

5.2 Definitions of fabrics, forms and assemblages

Throughout this work, there has been a tension between the need to
aggregate data to make datasets acceptable for statistical purposes, and the
need to maintain a fine enough level of detail for useful archaeological
interpretation. In general, it is likely that some grouping of both fabrics and
forms, as defined by conventional archaeological methods, will be needed
before statistical analysis can be undertaken. It is probably better, if it is
possible, to form preliminary groupings on archaeological criteria before
starting the statistical analysis.

In a chronological study it will usually be necessary to incorporate other
sorts of evidence, especially stratigraphy and direct dating evidence, such as
coins and C14 dates. The combining of different sorts of data in a chronologi-
cal study is a topic in itself, and is beyond the scope of this project. Neverthe-
less, we offer some general guidelines, while aware that they may need to be
over-ruled in some practical situations:

i) forms should where possible be grouped according to style or decora-
tion, as these are the aspects most likely to reflect chronological change.

i) it may make sense to group fabrics according to source and, if possible,
phases within sources.

If, however, we are looking for spatial (inter-site) differences, we should
concentrate on groups of fabrics based on source. Groupings of forms may
not be possible unless forms distinctive of sources can be identified.

A search for functional or social differences demands a third approach.
A grouping of fabrics according to technological aspects might be more
appropriate, e.g., fine and coarse wares, or perhaps a finer division based on
the degree of tempering. Forms should be grouped into functional types, e.g.,
cooking pots, drinking vessels.

This discussion shows that no one typology, of fabrics or of forms, will
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serve for all purposes. The recorder is faced with a dilemma—which to use
for the basic recording of the pottery? The ultimate uses of the data will not
be known at the time of recording, and it seems undesirable to strait-jacket
the data by immediately-perceived needs. The answer is to record in as fine
a level of detail as 1s possible within the resources available, and to indicate
ways in which types may be grouped for different purposes. The same data
can then be analysed in different ways according to the groupings employed.

Just as for fabrics and forms, there is scope for choosing different
groupings of assemblages to meet different needs. If chronology is the main
concern, grouping contexts into stratigraphic phases will make sense. For
inter-site spatial analysis, aggregation to site-groups is an obvious choice, but
has a pitfall if sites are not exactly contemporaneous. Different proportions
of different fabrics on the sites may then represent chronological as well as
spatial differences. Grouping by phase within site may then be a safer option.
To look for functional differences, groupings should be based on the
supposed ‘function’ of contexts, though there is a danger of circular
argument here, and a finer level of detail may be safer. Social differences may
be marked by differences between assemblages at the level of individual
buildings or features (e.g., pits or associated groups of pits).

On any site, there is likely to be more than one such need. Pottery should
therefore be recorded according to the finest level of stratigraphic detail
(usually the context), with indications of which groupings of contexts would
be appropriate for particular purposes. It may be desirable to sub-divide
extensive layers spatially (e.g., by grid squares), but this should not be seen
as an endorsement of ‘digging by spits’, which can wreck an attempt at
ceramic analysis.

To merge assemblages is to run the risk of breaking the rule set out in
Section 5.1, if the same vessels are present in two or more of the groups.
However, the situations in which the extent of such ‘cross-joining’ is so great
as to cause serious problems seem to be rare [4.4.1].

6. The broader picture
6.1 Application to other classes of find

In principle the theory could be applied to any class of find which occurs in
quantity and usually in broken form—to so-called ‘bulk finds’ such as animal
bones and building materials (brick, tile, etc.). Classes which are not
usually broken can be studied as categorical data without the need for a
transformation.

The question is most often raised in the context of animal bone studies.
It is tempting to equate the whole animal with the whole pot and to look for
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‘animal equivalents’ to correspond to eves in the way that the MNI
(minimum number of individuals) statistic corresponds to the ‘minimum
number of vessels’ statistic sometimes used as a lower bound for the number
of vessels represented. The analogy, we believe, breaks down because the use
of eves depends on the implicit assumption that different parts of the same
broken pot are not selectively discarded—which is known not to apply to
different parts of the same animal. However, an analogy might be possible at
the level of the individual bone, which itself is often broken. One could then
use the pct to set up a three-way table of bone name, species and context, and
use qlla as before.

Building material, especially tile, seems to be a more promising candidate.
Tiles are almost always found broken and can readily be “eve’d”, either by
standardised weight or counting corners. The standardised nature of the
product means that there may be some difficulty in establishing sherd
families. However, it seems a worthwhile approach to an otherwise rather
intractable class of find.

6.2 Comparison of pottery with other classes of find

Use of the pct enables us to compare and combine pottery assemblages with
other classes of finds for which counts are the appropriate level of data, e.g.,
coins or ‘small finds’, and to perform for example a joint correspondence
analysis. It would be very interesting, for example, to try to integrate pottery
into the work done on medieval small finds from Winchester (Biddle et al.
1990).
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