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ABSTRACT

This study is based on 543 rimsherds obtained from a stratacut

and surface collections frorn Tulpetlac, Valley of Mexico. The method

used is attribuLe analysis. Through the use of quantitative techniques

demonstrated in tables, graphic aids in the form of a frequency

distribution tab1e, and tabular form percentage histograms, relation-

ships are observed among the attributes.

. The first objective is to atremPt a reconstructíon of the

processes used in the formatíon of the Tulpetlac ceramic vessels. This

is done through the observatiorr of associations between attributes which

reflect systematic Patterns in ceramic technology.

The second objective is a brief assessment of the ten selected

attributes as tools in archaeological analysis.

A third objective is to note similarities and differences

between this exercise and others undertaken on ceramics. This is

discussed from the viewpoints of the study as an attribute analysis

and as an exercÍse on ceramic technology.
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CHAPTER I

INTRODUCTION

This study is based on 543 rimsherds obtained near the tol^/n of

Tulpetlac ín the Valley of Mexico (see Fig. 1, p. 2). The provenience

is a stratacut and two adjoíning surface collections.

An attríbute list (see Appendix A, pP. 69-7L ) was compiled at

the Laboratory of Anthropology, University of llanitoba, for the study of

rimsherds from three sites in the Valley of Mexico, including those

from Tulpetlac. Codes on the attribute sheets, each of which correspond

to a rimsherd, r¡rere also entered. The raw data consisted of the coded

attribute sheets of the Tulpetlac rimsherds, and a schematic illustration

of the rim profiles and vessel forms, Figure 3, pages l-3 and t4'

The rimsherds were also inspecËed, briefly. Additional information was

derived from short discussions with Dr. I,'l . J. Mayer-Oakes, who had

excavated the stratacut and collected the sherds in 1960.

Obíectives and Scope of the Studv

The objectives of this exercise are twofold. The fírst is to

a¡tempt a reconstruction of the processes used in the formation of the

Tulpetlac ceramic vessels. This is done through the investigation of

associations among attributes that reflect patterns in ceramic

te chnol ogy .

The second objective is a brief assessment of the attributes

selected for study as tools for archaeological analysis '

The following ten attributes were selected frorn the thirty-five
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on the attribute list: temper, temper size, temper proportion, texture,

firing, rim thickness, rim classification, interior surface treatment,

exterior surface treatment and vessel form. The basis for the choice

of these attributes is the assumption that they best represent processes

in ceramic technology. Ceramic technology is defined herein as the

combination of items and procedures in the formatíon of ceramic vessels

from the stage of the intermixing of raw materials to that of firing.

IBM cards, containing coded information from the attribute

sheets, were sorted on a card sorter. Co-occurrence of states within

each of paired attributes from the entíre collection was tabulated.

The vessel form attribute was omitted from the IBM card and was

therefore, manipulated manually. Paired varíables \Arere presented in

bivariate, contingency format.

Graphic aidsconsisted of a frequency distribution table (see

Table l, pp. 20-23 ) and grapirs illustrating the overall distributíon of

each attribr-rte state (see Appendix B, pp. 72-17).

Ceramic Study in Pre-contact Mesoamerica

Ceramic study in Mesoamerican archaeology has been conducted,

primarily, through the agency of typological analysis. Ritchie and

MacNeish (1949: 98) define a type as a group of objects exhibiting

interrelated similar features which have temporal and spatial

significance. The emphasis in typological analysis is upon the

grouping of artífacts into types and not on a detailed synthesis of

attributes, as subparts of artifacts, into analytic groups.

The studies of Tolstoy (1958) and l"layer-Oakes (1959) on ceramic



material from the Val1ey of Mexico represent typologícal analysis.

Tolstoy arrived at types through the seriation technique performed upon

surface sherds collected from the Northern Valley of Mexico.

Mayer-Oakes, on the other hand, used sherds excavated in a stratacut at

El Risco. Almost identical criteria were used in both studies. The

criteria were surface finish, s1íp color, decoration (when present),

temper) texture, and features of vessel form. The distribution of

these críteria over space and time constituted the type analysis of

Mayer-Oakes and Tolstoy.

Relatively little study, has been done on the materials and

processes of ceramic technology in Pre-contact Mesoamerica.

R. H. Thompson (1958) studied ceramic technology of modern Yucatan for

the primary purpose of investÍgating the nature of archaeological

inference. On the basís of the vessels produced, he attempted to trace

Ëhe mental processes that an archaeologist would go through in arriving

at conclusions on the behaviour of the artisan and the function of the

vessel. One of the methods he considered useful for such a recon-

struction r,^7as typological analysis.

The follor^ring reports represent the investigations of Pre-

contact Mesoamerican ceramic materials and processes. N. Castillo

Tejero (1968) has studied assorted decorative techniques. J. L. Franco

and F. A" Peterson (1968) discussed the structure and application of

designs. A general survel, of ceramic materials has been published by

E" Garcia et al (1968). L" Alvarez de la Cadena et al (L967) have

published on a chemical analysis of pottery. J. B. GrÍffin (1947)

studied the intrusions of ceramic techniques ínto Cenlral Mexico. .None



of these studies has emphasized the arriculation of Pre-contact items

and procedures. Attempts to treat Pre-contact items and procedures

within the framework of the culture history of a particular site or

collection are also lacking.

Attribute Analvsis of Ceramics

J. V. Wright has discussed the advantages of attribute analysis

over typological analysis in archaeology (1967: 99-100). The rhree

advantages of attribute analysis lie in the fact that it contributes

more to continuity, invariability and accuracy in ceramic study.

A. spaulding (1960) and D. L. clarke (196g) discussed rhe

archaeological attribute and the rationale of its use in analysis in

greater detail. clarke relates the following issues: (a) definÍtion

of the archaeological attribute; (b) the place of attributes in an

hierarchical model of archaeological entities; and (c) the selection

of attributes for analysis (1968: 131-184).

Attribute analysÍs has been performed on various kinds of

archaeologicalmatería1. The studies of J. Deetz (1965) on stylisric

change in Arikara ceramics and J. R. Sackett (1966) on Upper

Paleolithic material are representatíve. The following three points

are common to both studies. Fírst, the analysts define an attribute

precisely and objectively early in the studies. Second, both analysts

aÈtempt to incorporate attributes into units which are more complex in

the hierarchy of analytic units. Deetz was interested in discoverÍng

the association of attributes. Sackett studied attribute clusters.

Fina11y, both analysts used quantitative technÍques including daEa
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processing and statistical aids.

Forniat of Presentation

The format of the presenration is as follows. The the.oretical

framework, problem orientation, and data are presented. Some cultural

interpretations on the basis of the data are put forward. Finally, an

assessment of the selected attributes and a comparison with other

studies are discussed.



CHAPTER II

TI.NEORETICAL FRAMEI^]ORK. PRO]]LEI'I ORTENTATION. AND DATA PRESENTATION

Processes in ceramic technology can be presented schematically

in the form of a flow chart, Eíg, 2, p. B , represents a diagram of

the sequence of events in the application of ceramic materíals and

procedures by Pre-Contact poËters. The concepts on which this chart is

based have been obtained from Shepard (1968) and Hodges (1964).

Ceramic technology is depicted as consisting of four consecutive

steps. They are: (f) the formation of paste texture; (2) the formatíon

of the vessel; (3) the formation of surface texture; and (4) firing.

The four stages are regarded as consecutive decision-making

evenLs for the potter. At each stage he has to make decisions along

certain guidelines. The event requiring a decision can be equated with

an archaeological att.ribute and the variables, from which the potter has

to choose, correspond to attribute states.

The end, result of the procedures in pottery production is pottery

vessels. The f ield arcl-raeologist may f ind whole vessels, but more

frequently he may find only potsherds.

In the chart, the box containing ceramic technology is within a

larger one which represents the culture and physical environment. On a

higher level of abstraction, the whole sequence of decÍsions is subject

to the dictates of the potterts culture and the conditÍons in his

physical environment.
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Reconstruction of the processes involved in the formation of

the Tulpetlac pottery vessels has been attempted through observation of

Patterns ín the rimsherds. Pattern, in this context, is defined as the

systematic use of materials and procedures over repeated selections by
\

the potters. An attempt is made to discover whether there are adequate

indications of cultural homogeneity and temporal continuity in the

Tulpetlac material. Further investigation has been concerned with the

presence of any distinct patterns in the formation of the pottery

vessels. The first problem is treated at length in the discussion of

the frequency distribution table and percentage histograrns. The second

is discussed after the introduction of the contingency tables.

Definítion of Analytic Units

The analytic units utilized are attribute state, attribute,

attribute system and artifact. The definitÍons presented by D. L. Clarke

(1968: 131-186) are as follows:

t'Êtate -- attribute state; alternative values or qualities
of an attribute which may be found at that atËribute¡s
1ocus. " (p. 181)

"Attr.ibrlg -- artefact attribute; a logically irreducible
character of two or more states, acting as an independent
variable \,./ithin a specific artefact system. An epistemically
independent variable.rt (p. 180)

An attribribute system is a set of attributes repeatedly found on

individual artifacts within populations of artifacts. rt is an

arbitrary grouping of attributes for analytic purposes. (This is an

adaptation of clarkers definition of attribute complex, p. 145).
trArtefact -- any object modified by a set of humanly
imposed attributes.'r (p. lB0)
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In the case that several staLes of an attribute are consídered

within an analysís, the attribute is referred to as a multistate

aLtribute. It should be noted that the above order, namely from

aËEribute state to attribute system, is one of an increasing heirarchy

of analytíc uníts.

Description of Analytic Units

In descrj-bing the analytic uniËs the order is from artifact

through an attribute system t.o its component attributes, and finally to

the atLribute states. Although the attributes and attr j-bute states T¡rere

deÈermined durÍng the formulation of the attribute list, the descríptíons

are míne. The attribute systems r¿ere also formed for this study.

An attribute system ís an arbitrary grouping of attributes that

are found repeatedly on artifacts. The attributes r¿ithin each attribute

system are found on all tl-re rimsherds and there is an interrelationship

among them appropriate to this study. The interrelationshÍp is plainly

seen, as each attrÍbute system corresponds to a stage in pottery

productíon. As there are four stages j-n ceramic technology, so Èhere

are four attribute systems (see Fig.2, p. B). The correspondence can

be stated in the followíng tabular form:

.Stage ín Ceramíc Technology

formation of paste texture
formation of vessel morpirology
formatíon of surface texture
firing

Paste Texture.

Attribute System

paste texture
vessel rnorphology
surface texture
firing

The use of the term "paste texturet' is borrowed

" The attributes within Èhe paste texturefrom Shepard (f968: II7)
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aËtribute system are those that contribute to Ëhe arrangement of the

constituent parLs of the paste - its malleabílity and consístency duríng

the kneadíng process. This attríbute system includes the fo11owíng

attributes: temper, temper size, temper proportíon and. Ëexture.

, Temper is the non-plasLic factor which is applied to clay to

counteract shrinkage and facilitate uniform dryÍng. The states of the

Ëemper aËtríbute are sand, calcite and other

Temper size is divided into the following states: fine, medium

and coarse. There ís no indícaËion from the atÈribute list r¡hat

criteria were used Ëo dístinguÍsh size.

The attribuËe of temper proportion refers to the proportion of

temper materíal to the overall amount of clay in the paste. The sËates

are in the percentage ranges of (1) }-rc"Å, (2) Lo-20%, (3) 20-307",

(4) 30-40"Å, (5) 40-50% and (6) s0-100%.

Texture, as used ín the aËtribute 1ist, refers to the

consistency of the paste. The states are granular, compact, laminated

and Tepeyac paste. I{hereas the first three states are self-explanatory,

a word should be saíd about Tepeyac paste. fts distinctive character-

istics are descríbed by Tolstoy as being "...poorly fíred, light ín

co1or, soft, friable, laminated, and rvíth conspicuous cavities probably

caused by fiber temperíng. " (1958 : 37) .

vessel I'forphology. After the formation of the paste texture,

the next stage in pottery production is the formation of the vessel.

Attributes Ëhat refer to the potterfs action in this respect are

íncorporated under the vessel morphology attríbute sysËem. They are rim
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are inverted líps. A tecomate may have a

proportion than a cazuela.

classification sLat.es D, Fs, Fc and H refer to the cajete

generíc class of vessel forms. Under thÍs class, I would include the

cajete and molcajete staËes of vessel- form. These vessels are

characËerízed by wide rims, which may be everted with a high rim diameËer

to vessel height ratío. The base is normally f1at.

Rím classification states I and J refer to Lhe hemíspheric bowl

and cylíndrical jar vessel forms respectively. The hemispheric bowl is

Targer in sÍze than any of the cajete forms. Its rím diameter/vessel

height ratío may also be larger than that of Èhe cajete. Both the

hemispheric bowl and cylindrical jar have distinctive flattened rims,

which in profile, creaLe a ledge effect. The cy1Índrical jar has a

larger proportion of vessel height to diameter. Its base is also

flattened

Rim classification staLes B and E

tecomate and cazuela vessel forms. The

refer correspondíngly to the

chief characteristícs of these

greater vessel height/r¿idth

also refer to jarlike

these have resËricted

slightly flared.

The rim

vessel forms as

necks lvit.h rims

classífícation staLes C and G

well as to the ol1a. Both of

that may be eíther straight or

Surface Texture. The surface Ëexture attribute system consists

of the attributes involved in the applícation of surface treatment. As

in the case of paste texture, use of the term "surface treatment" is

borrowed from Shepard (1968: 120). Surface treatment can be loosely

described as the finíshing touches applied by the potter Ëo his vessel,
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af.ter ít has been formed and before it is fired. The purpose of surface

t.reatment would seem to be Ëwofold: (1) to eïase the v¡eaknesses Ín the

paste texture, such âs outstanding grains of temper and those resultant

from Èhe shapíng techniques used to form the vessel; and (2) to assure

maxímum function from the completed vessel. After clearing away the

obvious faults, there may be attempts to smooth the surface through

burnishing. Final1y, a slip can also be added as additional surface

treatment.

The two atËributes urithín the surface texture attribute systems

are interior surface Ëreatment and exterior surface treatment. The

attribute states for both are ídentícal. They are plain, burnished and

partially burníshed, fabric marked, slipped, eroded, other and mu1tip1e.

These staËes are described belor¿.

The plain attribute state sÍgnifies Ëhat no surface treaLment

was applied. This is actually an overstatement. As Shepard índicates,

the ínítia1 steps in evening occur v¡hile t.he vessel ís beíng shaped and

Ëhe surface is being worked over wiËh hands and tools Eo obtaín

uniformj-ty (1968: 1BB) . P1aín can thus be seen ín contradistinction to

burnished and'partially burnished insofar as specíaLizeð, procedures and

tools are used to obtain a desired effect on the burnished and partially

burnished

The purpose of burnishíng, according to both Shepard (1968: J86-1-92)

and Hodges (7964: 31), ís to even the surface and ímprove its quality by

rubbing or smoothíng. The basis for the burnished/partíally burnished

distínction during Ëhe compiling of the attribute list is unknov¡n.



L7

Fabric-marked results from the imprinting of fabrics on the

vessel surface, leaving dístinctive ímpressions. For a discussion on

fabric-marked r¿are see Charlton (1969) and Mayer-Oakes (1959).

Slipping represents a definite refinement in ceramic techniques.

"It is an effective means of i-mprovíng surface color and texture and it

also renders pottery less permeable, since it fills the pores with finer

material.tr(Shepard, 1968: 181). Slip itself is c1ay, usually of a fj.ner

quality than that used in the vessel, mixed with r+rater to forrn "an even

colloidal solutíon of pea-soup consistency" (Shepa.rd, p. 33). It is applied

either by dippíng the vessel into the slip, or by pouríng the slip over

Ëhe vessel. IË is usually distinctive as iË forms an added layer on the

oríginal surface r,¡hích may be of a different colour.

The other states in the interíor and exterior surface treatment

attribuËes are eroded, other and multiple. The other and eroded states

are self-explanatory. The multíple state refers to the application of

two or more surface treaLment attribute states. Such a combination could

be either burnÍshíng and slippíng or fabric-marked, burníshíng, and

slippíng.

Firíng. Firing is Èhe procedure ruhereby the ingredients in the

paste coalesce into the body of the fínished product through the

applicaËion of heat. The effect of heat on pottery Í-s controlled by the

following varíables: the type of clay, the temper, the fíríng

aËmosphere, the amount of heat and the intensity of its application.

Another variable that should be mentioned is the Èype of fuel; ít nay

have a clear or sooty flame; burn quietly or snap.
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The attrÍbute states of firing are complete, dark core, dark

interior, dark exterior and other.

The complete and dark core states refer to the qualiËy of firing.

The state of complete firing i-s observed when the paste texture is

compact and homogeneous in colour, most probably red, ye11orr7 oï buff.

rmproper firing due to the shortage of firing time or low heat

results in the accumulation of unburned carbonaceous malería1 ín the

core which is of a dark colour. This produces the dark core state.

Besides, a decrease in the level of oxygen could cause loca1 reducËíon,

which would also be darkÍsh in colour.

Shepard offers possible explanations for the cause of the dark

interior and dark exterior states. They may reflect defects in firing,

such as uneven application of heat. They may also be the results of

chance evenÈs duríng the firing process, such as the wind, localized

discoloration caused by the deposÍtion of soot, oï a jet of gas from a

smoky flame (1968 z 74-93) .

Frequency Distríbution Table and
Percentage Histograms

As a means of providíng graphic aids for Ëhe analysis of the

Tulpetlac rimsherds, a frequency distríbutíon table and percentage

hístograms rüere drawn.

The purpose of the frequency distribuËion table (table 1, pp 20-23)

is to present a holistic víew of all the attríbutes and attribute states

as they are distributed 1evel by 1eve1.

The structure of the Table can be described verticalry and

horizontally" vertícally it is arranged in the order of surface
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collections and subsurface 1evels. fn the column enËitled "Surface

collections and Levels", 11 and L2 reÍ.et Ëo two surface collections

14 to 20 to seven stratified levels. The levels rvere excavated at

intervals of síx inches . There \¡/as no data available for 13, which

a.surface collection, among the at.tribute sheets. Thus, it is not

íncluded in the Table.

and

l_s

The attributes are arranged horízontaIly on the Table. The

numbers imrnediaLely under each attribute designatíon refer to the

atËribute state codes as listed ín Appendíx A (pp . 69-71). Below the code

number ís the Ëotal frequency count for the respective attribute sÈate.

The number below the frequency count ís the percentage. The pattern of

the frequency counË wíth the appropriaËe percentage immedíately below is

followed for each attribute state. The universe out of which the

percenËage ís calculated for each state is the number of rimsherds in

each 1evel and surface collection. StaËes wíth no represenËation are excluded.

In the column "Number of Rimsherds", the number of rimsherds for

each surface collecËion and subsurface level is stated.

The percentage histograms are found in Appendíx B (pp. 72-77).

They indícate, in a diagrammatíc form, any changes thaË may have taken

place over time in all aÈtríbute states from leveL 20 to the surface

collections. The rationale is that a change in the use of one attribute

r'¡ould be reflected in correspondíng changes ín the other states of the

same aËtríbute or those of related attribut.es.

The percentage (for each level and surface collectíon) ís

calculated out of the total frequency count for an attribute in a given

level or surface collection. The percentages used in Ëhe histograms
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correspond to those Í.or the atLribute states in Lhe frequency distribution

table.

Contingency Tables

The contingency tables show the association beEween paíred

atËríbuËes, the chí-square for each ce11, and the accumulative chi-square

for the tab1e. In describing the associations the following states,

whose overall distribution is less than three percent of the entire

collectíon, \.^rere omítted: (5) multiple, (6) other, and (B) fabric marked

of the ínterior and exterior surface treaËment attributes and (2) B,

(3) C, (5) E, (B) G, (10) I, and (11) J of rim classífÍcatÍon.

In arrivíng aL decisions on associations, the accumulaLive chi-

sguare in all but one of Ëhe contingency tables could not be used because

twenty percenL or moïe of the expecLed frequencíes \^rere less than fíve.

The validíty of chí-square obtained in tables wíth such 1ow expected

frequencies can be thwarted (HunËsberger, L967: 248) . In two ínstances

where iË was possible to combine some of the attríbute states to overcome

Èhe problem of low expecËed frequencies, the resultant chi-square r¡/as

acceptable. fn most of the Ëables the clifferences beË¡.,ieen the observed

and expecÈed frequencies in each cell were the major indicators of Ëhe

presence of association.

Temper. Firing. and Texture

The contingency tables which include any of these attríbutes are

Nos. L7-37, Appendix C. The frequency distributíon of Ëhese attributes

is heavily slcewed in favour of one of Èheir sÈates. The predomínant
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states are the following: temper-sand (95.6%), texture-compact (96.5%),

firing-complete (76.6%). There are no signifícant associations between

any of. these attributes and the other attributes.

Temper Size

The temper size states are (1) fine - 59.3%, (3) medium - 39.27",

and (3) coarse - L.5%. It v¡as decided to combine the medium to the

relatively few coarse states so that new contingency tables including

Èwo categories in temper size with the following aËtríbutes r¿ere drav¡n:

temper proportion, rim thíckness, ínterior and ext.erior surface

treatment. In descríbing the associaËions of temper size with these

atLributes the tables containing the combined medíum-coarse states are

taken into consideration " The other contingency tables of temper size

wíth these attributes are Nos. 38-41, Appendix C.

Temper proportíon. The accumulative chi-square obtained in

Table 2 ís Ll-7.77. This exceeds the theoretical chi-square of 11.1 at

Ëhe .05 1eve1 of probability for five degrees of freedom. Thís is an

indication of assocj-ation betrveen t.emper sÍze and temper proportion.

The suggested association ís Ëhe more frequent occurrence of coarser

temper size wÍth higher temper proportions and finer temper size wíth

lower tenper proporLions "
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Table 2

ContÍngency Table between Temper Size and Temper Proportíon

Temper Proportion
Temper
Stze Column L 2 3 4 5 6 RowTotal

1 0b. L4 104 136 48 19 L 322
Ex. B . 90 69 .97 ].23 .34 7 0 .57 36 .77 L2 .45
x2 2.92 16.55 1.30 7.22 8.59 10.63

2 0b. 1 l_4 72 7L 43 20 22r
Ex. 6.10 48.03 84.66 48.43 25.23 8.14
2 tr .zo 24 "rr 1. 89 10.51 rz.5r 17 .28

Column Total 15 118 208 l-19 62 2L

Grand Total 543

Accum. x2 rL7 .77
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Rim thickness. The chi-square for Table 3 ís 73.96. This exceeds

the theoretical chi-square of 3.84 aË the.05 leve1 of probabilíty for

one degree of freedom" The association suggested is one of the more

frequent occurrence of finer temper size rvith thinner vessels and coarser

temper with Lhicker vessels.

. Table 3

Contingency Table between Temper Size and Rim Thickness

Temper
Size Column

1 0b.
Ex.
-")'LÈ

2 0b.
Ex.
--)

Column Total

Grand Total
ô

Accum. x'

Rim Thickness

1

24L
L92.73
12.08

B4
L32.27

77 .6r

325

543

73.9r

Row Total

322

22L

2

B1
r29.27
18.02

r37
BB .73

zLB

2TB

Ëhe observed

in Table 4.

7 are Fs and

association

síze occurs

and H shov¡n

sÍze.

Rím classíficatíon. There are significant differences beË¡veen

and expected frequencíes in columns 6 and 7 of rorvs 1 and 2

The rim classífícation states referred to ín columns 6 and

Fc respectíve1y. Fine temper size is found in greater

rviËh Fs than with Fc. 0n the other hand, the medium temper

more frequently luiEh the Fc than rvith Fs. The classes A, D,

in columns 1, 4, and 9 occur more frequently wíth fine Ëemper



Temper
Size Column

1 0b.
Ex'

I

Table 4

Contingency Table between Temper Size and Rim Classífication

1

20.
L7 .20

"4s

(t

11.38
.49

0
U/

.42

2B

543

200.95

0b.
Ex.

.)

ob.
Ex.

2

J
2.37

.16

I
r.57

.20

0
.06
.00

4Column Total

Grand Total

Accum. x2

Rim Classification

040
3.56 32.02
3.55 1.98

6]-4
2.35 2I.IB
5.66 2.43

678910

110 36 6 104 0
83 . 61 79 .46 I .49 90.l_4 1 .19

B .32 23 .77 L.28 2.L3 1.19

.09

.11

31 93 10
55.31 52.58 6.28
r0.68 31 .11 2.20

.79

.78

0
2.08
2.08

L4I54

4
2.08
L.77

L34

47
59.62
2.67

I
2.24

.68

1,52

11

3
3.56

.08

0
2.35
2.34

.24

.25

16

Row Total

322

.78

.06

03
.03 .09
.00 94.LL

273

N)
co
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Interior and Exterior Surface Treatment. The pattern of

relationship between these two attrj-butes and temper síze is similar.

Some associatíons are indicated in col-umns 3 and 4 of rows L and 2 of

Tables 5 and 6. Columns 3 and 4 respectively refer to the slipped and

plain surface treatment. The observed frequency of the contingency

between the slipped and fine temper is more Lhan the expected. This

pattern is reversed between the slipped and the coarser temper sizes.

Fewer of the plain occur with Lhe fine temper size than is expected,

I,Jhereas more occur wíth Èhe coarser temper size t.han is expected.

The burnished and partially burnished assocíate more with the fine

Ëemper size.

Table 5

Contingency Table between Temper Size and Interíor Surface Treatment

Interíor Surface Treatment,

Temper
Size Column L 2 3 4 5 7 B Ror^rTotal

1 0b. 74s 105 15 30 0 23 4 322
Ex. I|L.72 I04.37 ]-L.27 38.55 1.19 2I.94 2.97
xz .07 .oo L.z3 1.89 1.19 .05 .35

20b.947L4352].4L22L
Ex. 97 .23 7L.63 7 .73 26 .45 .82 ls .04 2.04
x2 .to .oo r.79 2.76 r.69 .07 .52

Column Total 239 176 19 65 2 37 5

Grand Total 543

Accum. x2 11.71
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Table 6

ConLingency Table betr¿een Temper Síze and Exterior Surface Treatment

Exterior Surface Treatment

Temper
Síze Column 1

1 0b. 47
Ex. 47.44
x2 .oo

2 0b. 33
Ex. 32.56
xz .oo

Column Total B0

Grand ToËa1 543

Accum. x2 38.96

2

109
89. s4

lL ))

42
6L.46
6.L6

151

3

t_5

L0.67
L.7 5

J

7 .33
2.55

1B

45

L23 t
L47 .06 .59

3.93 .28

L25 0
100.94 .4L

5 "73 .4L

248 1

7 B Row Total

26 r 322
24.31 2.37

.11 .79

15
L6.69

.L7

4t

3 22L
1.63
]- t5

4

Tem_per Proportion

The distributíon of the temper proportíon states is as follows:

(1) 0-L07. - 2.8%, (2) :.0-202 - 2L.77", (3) 20-30% - 38.3%, (4) 30-40z^ -

2L,9%, (5) 40-507" - LL.4%, and (6) 50-1002 - 3.9%. The síx temper

proportion states were reduced to three categories in the contingency

tables between temper proportion and the interior and exterÍor surface

treatment attributes (Tables 9 and 10). The first two states form one

category, the third and fourth Ëhe second category, and Ëhe fífth and

sixth the third category. The Ëables containing the six temper

proportion states and Ëhe surface treatment atÈríbutes are Nos. 42 and

43, AppendÍx C.
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Rim thickness. The accumulative chí-square in Table 7 is 57.75.

It exceeds the theoretical chi-square of 11.1 at.05 level of probability

with five degrees of freedom" This indicates an association between

these trvo attributes. The relationship is one of the greater occurrence

of lower temper proportion states rvith thin and heavier temper

proportÍon staLes wíth thick vessels.

Rím classification. Some associatÍons are indícated ín columns

4, 6, and 7 of all the rows of Table B. The rim classifícation sËates

which t.hese columns refer to are D, Fs, and Fc respectively. There are

by far more of the D states associated wíth Ëhe 0-10% than expected.

The D and Fs states occur more with lower temper proportíon states. The

reverse of thÍs is seen in the case of Fc" rn column 9, H ís found more

frequently with the 20-30% and 30-40:l temper proportion states. rn

column l, Lhe A rim class is distributed almost as randomly expected

among most of the temper proportion, although it would tend to occur more

\.rith higher temper proportion states.

Interíor and Exterior Surface Treatment. The patterns seen in

Tables 9 and 10 between the two surface trealment attributes and temper

proportion are símilar. columns 1, 2,3, 4 and 7 ref.er respectively Lo

the burnished, parÈia11y burnished, slipped, plai-n, and eroded. states.

The burnished and partially burnished states associate more frequently

with Ëhe 0-40% temper proportion stares rhan Lhe L}-roo%. The slipped

are only found in association rvith Èhe O-40"Á. The p1aÍn and eroded are

more associated r¿iËh the 20-100"/. than the 0-20"Á states.
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Table 7

contingency Table betrveen Temper proportion and RÍm Thickness

Rim Thici<ness

Temper
ProporLion Column 1

1 0b. L2
Ex. B.9B
y2 1" 0l_

2 0b. 94
Ex. 70.63
x2 7 .73

3 0b. L37
Ex. L24.50
x2 L.25

4 0b. 52
Ex. 7I.22
y2 5.18

5 0b. 2L
Ex. 37 .IL
y2 6.99

6 0b. 9
Ex. \2.57
x2 1.01

325

543

s7.75

2

J
6.02
1.51

24
47 .37
11.52

7L
83.51

1. B7

67
47.76
7.75

47
2/+.89
L0.42

12
B .43
l-.51

2l-8

Row Totals

15

118

208

119

62

2L

Column Tot.a1

Grand Total

Accum. x2



Temper
Proportion Column

Table B

Contingency Table between Temper Proporti-on and Rim Classification

0b"
I'v

a

0b.
I'v

axL

0b.
I'v

,)
XL

0b.
E--

x2

0b.

x2

ob.
8..

x2

L

01
"77 .11
.76 7.LB

4

220
6.09 .87 1.30
2.74 L.47 1.30

14 13
L0 .73 1.53 2.30

.99 .18 .2L

OB
.L7 .50
.17 LLz.s

5

Rim Classífication

6

7

6.74
.L2

4
3.20

.20

1
1.09

.00

28

543

260.59

6

6

3 .90
1.13

Column Total

Grand Total

Accum. x2

18 40 10
7L.7 4 30 .64 29 .72
3.33 2.85 L2.55

L2 66 35
20 .69 54.01 51.3s
3.6s 2.66 s.19

10 15 51
11. 83 30.90 ?_9 .37

.28 8.2 l'5.92

473r
6 .72 16 .10 15 .30

.7 3 s .L4 16 .11

7

0
3.70
3 "70

03
. BB L.32
.87 2.L3

0
.46
.45

0
.16
.18

0
.69
.69

0
.¿J

.2I

9

0

4.20
4.20

.44
"43

243
3.48 33.03
.62 3.0

37r
6 .13 58 .23
1.59 2.80

326
3 .51 33 .31
.07 1.60

511
1. 83 t7 .36
s .49 2.33

10

0

11

0
.L7
.77

1
-L

1.30
.06

1
2.30

.73

4
L.32
5.43

0
.69

Áq

0
.23
.2L

6

.06

.00

2
2.09

.00

54

0
.44
"43

2
.77

t.96

0
.44
.43

0
.23
.27

0
.08
.72

2

Row Total

15

7

s.45
.44

L4L

7

5 .18
.63

734

118

J

.62
9.r2

L6

208

1
5.BB
4.04

\52

119

o/.

2I

L\)(,
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Table 9

Contingency Table betrueen Temper Proportion
and Interior Surface Treatment

Interíor Surface Treatment

Temper
proportion column L 2 3 4 5 7 B RowTotal

t- ob. 66 44 6 9 7 7 0 133
Ex. 58 .54 43 .11 4 .65 15 .92 .49 9 .06 I .22
x2 .95 .01 .39 3.oo .53 .46 L.22

2- Ob. L45 ]-02 13 43 1 18 5 327
Ex. I43 .93 105 . 99 LL.44 39 .I4 I .2 22 .28 3 .01
x2 "oo "15 "2L .38 .03 .82 1.3r

3 0b. 28 30 .0 13 0 L2 0 83
Ex. 36 .53 26 .90 2 .90 9 .94 .31 5 .66 .7 6
x2 r"99 .35 2.go .94 .32 7.to .76

Column 'Iotal 239 L7 6 79 65 2 37 5

Grand Total 543

Accum. x2 n.B2
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Table 10

Contingency Table between Temper Proportion
and Exteríor Surface Treatment

Exterior Surface Treatment

Temper
Proportíon Column L 2 3 4 5 7 B RowTotal

10b.2]-549380110133
Ex. 19.10 36.14 4.65 60.25 .24 10.78 L.2zy2 .18 B.1o 4.06 B.2r .25 .oo r.2z

2 0b. 48 83 l-0 155 \ 26 4 327
Ex. 46 .97 90.33 17.44 L4B .L4 .6 26 .50 3 .01
x2 .02 .59 .18 .3r ,26 . oo .32

30b.91305307183
Ex. LL.92 22.93 2.90 37 .60 .15 6 .73 .7 6
x2 .46 4.30 2.90 6.30 . 13 .01 .07

Column Total 78 150 19 246 7 44 5

Grand Total 543

Accum. x2 37.87
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Rim Thickness

The trvo staLes of rim thickness are thin - 59.97. and

thick - 40 .l% "

Rim classificaËÍon. There are significant indications of

associatíons in Table 11. In columns 1,4, 6 and 9 of the first row the

observed frequencíes are more than the expected. Thís shows an

associatíon of the A, D, Fs, and H rim classes with thin vessels.

Sími1ar1y, in column 7, rot+ 2, Ëhere is a signifícant association of the

Fc with thick rims.

Interior and Exterior Surface Treatment. Simílar patËerns are

observed between interíor and exteríor surface Lreatment with rim

thickness ín Tables 12 and 13. The observed frequencÍes in columns 1,

2 and 3 of the first ro\ü are more than the expected. In the second row

the observed frequency in column 4 is more than expected. Thus, the

indications are that Ëhe burníshed, partially burnished, and slipped occur

more frequently with the thín; whereas the plaín occurs more frequently

with the thick.

Rim Classífication

The distribution of the five rím classífication states that are

beíng discussed is as follows: (4) D - 9.97., (f) A - 5.27", (6) Fs - 26.07",

(7) Fc - 24.77" and (9) H - 28.0%.

Interior surface Treatment. In Table 14 the excess of the observed

frequencíes over the expected in the following ce11s j-s ruorth mention:

rolv lrcolumn 1; row 4, colunn 21 row 6, column 2; row 7, column 4; rorv 9,



Rim
Thickness Column

1 0b.
Ex.

2 0b.
Ex.
x2

Column Total

Grand Total-

Accum. x2

Table 11

contingency Table between Rim Thickness and Rím classification

1

25
L6.76

4 .05

3
IL.24
6.04

2B

s43

757 .29

2

J
2.39

.15

1
1.61

)

¿+

247
3 .59 32.32
.70 6.66

47
2.4r 2I.68
1.04 9 .94

Rím Classíficatíon

6

l1s
84.39
11 .10

26
56.6r
16 .55

L4T

7

2B
80.20
33.97

106
53. B0
50.64

]-3454

399
9. sB 90.98
4.sL .70

13 53
6 .42 6L.02
6 .7 4 1.05

T6 I52

10

03
L.20 3 .59
1.20 .09

Ô1
¿J

.80 2.4r
1. B0 .14

11

325

278

(,{



Table 12

Contingency Table between Rim Thickness
and InËerior Surface Treatment

InLerior Surface Treatment

Rtun
Thickness Column L 2 3 4 5 7 B RorvTotal

1 0b. L52 108 L6 t7 2 25 5 325
Ex. 143.05 105.34 IL.37 38 .90 L.20 22.L5 2.99
x2 .55 .06 1.BB Lz.3z .53 .36 1.35

2 0b. 87 68 3 48 0 72 0 218
Ex. 95.95 70 .66 7 .63 26 .L0 . B0 14. 86 2.0L
x2 .83 . 10 2 .Bo L8 .37 . Bo .55 2 ,oo

Column Total 239 l-76 19 65 2 37 5

Grand Total 543

Accum. x2 42.50
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Table 13

Contingency Table between Rim Thickness
and Exterior Surface Treatment

Exteríor Surface Treatment

Rim
Thickness Column L 2 3 4 5 7 B RowToral

1 0b. 65 108 L4 105 0 30 3 325
Ex. 46 .69 89 .78 11.37 I47 .24 .60 26 .34 2.99
x2 7.tB 3.69 .60 L2.Lr .60 .50 .oo

20b.13425141LL422L8
Ex. 3L.32 60 .22 7 .63 98 .7 6 .hO L7 .67 2 .0L
x2 10.71 5 .51 .90 18 .06 .90 .7 6 . oo

Column Total 78 150 L9 246 L 44 5

Grand Total 543

Accum. x2 6I.52
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columns l and 3. In the fírst ror,r, the A rím class occurs most wÍth the

burnished. Tn the fourth row ti're D rim class occurs most rn'ith the

partially burnished. fn Ëhe sixth ror¿ the Fs occurs most with the

partially burníshed. In the seventh roru, the Fc occurs most wíth Lhe

plain. In the ninth roru, the H rim class occurs most wíth the burníshed

and slipped.

Exterior surface tleatment. Significant indications of patterns

are seen ín the following cells of Table 15: row 1, column 4; row 4,

column 21 row 6, column 3; ror+ 7, column 4; row 9, columns I and 2.

The following assocíations between rim classíficaËion and exterior surface

treatmenË aïe suggested: A with p1ain, D with partially burníshed, Fs

with the slipped, Fc rvith p1-ain, H with burníshed and partially burnished.

Interior Surface Treatment

Table 16 indicates that the samê surface Ëreatment was often

applied both ínternally and externally. The observed frequencies

signifícantly exceed the expected in the followíng ce11s: ro\^7 1' column 1;

row 2, columns 2 and 4; row 3, column 33 tow 4, column 4; rorni 7, column 7.
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Table 14

Contingency Table between Rirn Classification
and Interior Surface Treatment

Interior Surface Treatment

Rim
Thickness

1

Column Total
Grand Total
Accum. x2

Column

ob.
Ex.
x2

ob.
Ex.

)

0b.
Ex.
--2

ob.
Ex.
x2

ob.
l'v

-.,

ob.
Ex.
x2

0b.
Ex.
--)

1

20
]-2.32
4.78

1
L.76

.J¿

2
2.64

.15

2L
23.77

.32

53
62.06
r.32

40
58.98

6 .10

6

7 .04
.15

94
66.90
L0.97

I
.BB
.0t

1
2.64
1 .01

239

s43

L73.4s

23

BO
9.08 .98
.72 .97

02
1.30 .\4
1.30 24 .7L

20
1 .9s "2I

" 00 .19

4

0
3 .35
3.34

I
.48
.56

I
.72
.11

11
1. 89 6 .46
.4r 4.6t

77r
4 .93 16 .88

. 86 2.04

030
4.69 L6.04
4 .69 12.t4

05
.56 L.92
.ss 4.94

910
5 .32 18.20
2.54 3.69

01
.07 .24
.00 2.4r

05
.2r .72
.19 25 .44

19 65

.10

.10

.02

.00

.02

.00

7

0
1.91
1.91

0
.27
.25

I

00
.20 3.68
.20 3.67

111
.52 9.6r
.44 .20

o12
.49 9.13
.48 .90

00
.06 1.09
.00 1.09

113
.56 10.36
.33 .67

00
.01 .74
.00 .74

B Ror+ Total

028
.26
.26

04
.04
.00

06
.06
.00

054
.50
.50

0 141
1.30
1.30

0 134
L.23

.04

016
.15
.13

4 L52
1 .40
4.82

o2
.02
.00

06
.06
.00

5

5

0

.4r

.85

ob.
Ex.
XL

31
17 .50
10.41

5B
45.70
3.31

s1
43.43
1.31

5
5 .19

.00

27
49.27
L6.2L

0
.6s
.64

0
1.95
r.94

L76

10

11

.02 .4r

.00 .47

ob.
Ex.
x2

0b.
Ex.
_-t

37
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Table 15

Contingency Tab1e between Rim Classification
and Exterior Surface Treatment

Exterior Surface Treatment
R irn
ClassificationColumnl 2 3 4 5 7 B Row Total

ob.
Ex.
x2

ob.
Ex.
xz

1

4.02
2.26

2

.57
3 .57

.05

.00

.01

.00

0026
7.73 .98 L2.69
7 .72 .97 L3.96

020
1 . 10 .r4 1.80
L.L0 24.7L 1.80

10
2.21 .26

.7 0 .26

00
.32 .04
.31 .00

2

4.38
I.29

2B

ob. 0
Ex. .86
x2 .86

ob. B

Ex. 7.76
x2 .oo

0b. 15
Ex. 20 .25
x2 1.36
ob. 9

Ex" 19.25
x2 5.45

0b. 2
Ex. 2.30
x2 .03

ob. 4L
Ex. 21.83
x2 16.83

0b. 0
Ex. .29
x2 .21

ob. 0
Ex. . 86
x2 .86

7B

543

347.0s

I
L.66

.26

32
L4.92
L9 .55

44
38.95

.65

1B

37.02
9.77

2

4.42
L.32

53
4L.99
2.88

0
.55
.54

0
I.66
r.66

150

0401
.2I 2.72 .01 .49
.19 .60 .00 .53

2L00
L.B9 24.46 . 10
.00 8.54 .10

oL20
.56 7.25 .03
.55 3.11 .00

06
.06
.00

0s4
.50
.50

0 141
1 .30
1 .30
I r34
I.23

.04

0 16
.15
.13

L T52
I .40

.11

02
.02
.00

857017
4.93 63.88 .26 11.43
1.91 .74 .26 2.7L
0960t0
4 .69 60 .7r .25 10. 86
4.69 20.5L .24 .06

0
1.30
1 .30

10

11

538113
5.32 68.86 .28 L2.32
.01 13. 83 1. 85 .03

0200
.07 .9I .00 . 16
.00 1.30 .00 . 18

2r003
.2I 2.72 .01 .49 .06

Ls.23 1.08 .00 .48 L44.0

L9246144sColumn Total
Grand Total

Accum. x2
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Table 16

Contingency Table betr,¡een fnterior Surface Treatment
and Exterior Surface TreaÈment

Exterior Surface Treatment
Interior
Surface
Treatment Colurnn

I Ob.
Ex.
x2

2 0b.
Ex.
x2

3 0b.
Ex.
x2

4 0b.
Ex.

axL

5 0b.
Ex.
x2

7 0b.
Ex.

t

B 0b.
Ex.
x2

Column Total

Grand Total

Accum. x2

L2

72 72
34.33 66.02
41.33 "54

1 61
25.28 48.6
23.3L 3.16

10
2.73 5.24
1 .09 5.24

15
"L2 L7 .96

6.4L 9 " 35

02
.29 .5s
.27 3. 81

26
5.31 10.22
2.06 1.74

L4
"72 1.38
.11 4.97

78 150

543

602.04

34

084
8.36 r0B.2B
8.36 s.44

3 101
6.r5 79 .73
L.61 5.55

15 1

.66 8.61
311.57 6.72

L52
2 .27 29 .45
"t0 17.26

00
.07 .91
.00 .9L

OB
L.29 L6.76
L.28 4.57

00
.I7 2.27
.t7 2.26

19 246

B Row Total

11 0 239
.44 19 .37 2.20
.43 3.61 2.20

82L76
.32 L4.26 1.62
.31 2.74 .08

02019
.03 L.54 .L7
.00 .13 .r7

03365
.12 5 .27 .60
.08 .97 9 .60

0002
.00 .L6 .02
.00 .18 .00

r20037
.06 3.00 .34

L4.66 96.33 .35

0005

5

0

0

.01 .4r .05

.00 .4r .00

44



CIIAPTER III

INTERPRETATION OF DATA

Stratification of the stratacuL is one factor which can be taken

as a possible argument for temporal continuíty in the Tulpetlac material.

StraÈifícation has been useful for providing ínferences on relative

dating in archaeology, the assumption being that there is a distínct tirne

lapse beLween Ër¿o artifacts, one of whích is found above the other.

However, it should be noted that if stratigraphy provides

inferences about temporal succession, bY iLself it does not províde

sufficienË argument for cultural continuity. The mere state of being

superímposed does not argue for any cultural relationship between two

artífacts. Pyddoke (1961 z LI6-L23) and Hole and Heizer (1966: 49-60)

have urged the careful ínterpretatíon of straËígraphic ínformation in

archaeological analysis.

Another argument may be raised against the sole use of stratigraphy

for the Tulpetlac materíal. Some of the sherds are not from the

excavated strata. There ate 250 sherds or 37.97" of the total collection,

Ëhat are from tru'o surface collecLions near the stratacut.

Thus, the inadequacy of straLigraphic informatíon means that it

ís necessary to inspect the sherds themselves to see whether they present

any information on cultural homcigeneity and temporal continuíty.

Frequency Distribution Table

Strong evidences for cultural homogeneity ancl temporal continuíty

are seen in the Frequency Distribution Table (table l, pages 20-23).

44
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There are attributes in which one state is most frequently

occurring ín al1 the levels and surface collections. Examples of these

are temper, texture, fíring, and vessel form. The followíng are their

predominant states, in corresponding order, along vríth their percentages

over the other staËes for the entire collecLion: sand 95.6%, compact

96.5%, complete 76.6%, arrd cajete 68.I%"

In the remaining attributes the t't.,/o or three mosË frequently

used sËates are invarj-ably the same for all the levels and surface

collections. The two attríbutes rvhich differ slightly from the norm are

ínterÍor surface treatment and exterior surface treatment. The three

most frequenLly used states in interior surface treatment in order of

frequency are burnished, partially burnished, and plain. This pattern is

maintaíned steadily except in surface collectíon 11 and level 14. For

exËeríor surface treatment the most frequently used states, ín order, are

plaín, partially burnished, and burnished. This pattern is maintained

withín Ëhe entire collectíon except ín surface collections 11 and 12

and 1evel 20.

It would seem that such a high frequency in the use of dístinct

aËËribute staËes for Lhe entire collection could not have occurred by

coincidence at Tulpetlac. There v/as some culËural and temporal

successÍon.

Percentage Hístograms

The above information suggests that there rüas not too much cultural

and temporal disparity among the Tulpetlac rimsherds. The percentage

histograms (Appendix c, pp. 72-77) present evidence on changes Ëhat took

place withín the Lime span of the collection.
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There are t\to types of patterns which the histograms illustrate.

One consists of few marked changes ín the use of att.ribute states over

time. The other type reflects a pattern of a relatively consistent rise

and fall in the use of an attribute sLat.e.

The histograms that fall under the first pattern are Nos. 1, 6,

74, 16, L7,18, 29,31, 35, 39,42,48,50, 51 and 52. Graph Nos. 1, L4,

17 and 48 ref.ex respectively to Èhe "sand" temper state, "compact"

Ëexture state, "completetrfiring state, and the cajete vessel form sËate.

tr^le have seen Ëhat these states are distributed almost evenly for the

entíre collection. The states r¿hose percentages are plotted ín the other

histograms are also símilarly distríbuted.

The histograms not already mentioned fall under the second

pattern. For example, Nos. 4, 5, 9, 10, 2L, 22, 27, 28, 33, 34, 36,

4l and 43 show the pattern sharply. Others are further renoved from the

ideal of the pattern of consistent rise and fall.

The percentage histograms not. only provide some índication of

changes among the sherds but a1so, substantíaËe the likelihood that the

Tulpetlac material represents some cultural homogeneity and temporal

continuity. They do so by presenting the changes ín the use of the

attribute states. The change in some of the states is hardly noticeable,

while in others ít is p1aín1y seen ín Ëhe form of a pattern. Hardly any

of the hístograrns portray a distributíon r+hícl'r r,rould be so erratic as not

to represent a meaningful cult.ural pattern.

Patterns in Cerarnic Technology

In díscussing the cultural interpretation of attribute associations,

the following order is Ëalcen. Fírst, there are summary statements on the
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associations of attributes ín'each attribute system. These statements

are based on associations in contingency tables that have been described

in detail in Chapter II. This is followed by a brief díscussion of some

interrelationshÍps among the attribute systems. Final1y, an attempt is

made to reconstruct the procedures in the formation of some vessel

clas ses .

Paste Texture The attributes that compose the paste texture

attribute system are temper, temper size, temper proportion, and texture

The temper used predominantly at Tulpetlac was sand. There was an

attempt to apply fíner temper in lower proportions and coarser temper in

higher proportions. The resultant paste formed by the mixture of all

the ingredients was compact in texture.

Vessel Morphology. The attributes in the vessel morphology

attribute system are rim thickness, rim classification, and vessel form.

ûnitted from this discussion are the vessel form attribute and the rim

classification states B, C, E, G, I and J whose associations were not

taken into consideration.

The formatíon of the thickness of the rim was partly dependent

upon the form of the vessel. The forms represented by rim classes A,

D, Fs, and H \^rere usually rnade thin, while the Fc included mostly thick

vessels.

, In discussing the interrelationship between the paste texture

and vessel morphology attribute systems) some patterns can be seen.

The sLze of the vessel rim varies directly in proportion to the size and

proportion of its temper. Coarser tenper, which is applied in higher

proportions, is found more frequently with thicker vessels. The
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associâtions between temper size and temper proportion with rim

classification substantiates the more frequent occurrence of the D, Fs,

and H rim classes with temper that is finer and applied in lighter

proportions in contrast to Fc which is markedly associated with coarser

temper. These patterns suggest that the potters selected a particular

paste r.rhen producing a given vessel form, the criteria being the síze

and proportion of the temper.

Surface Texture and Firing. There are indications of strong

association between the states of the two surface treatment attributes.

The same surface Ëreatment was frequently applied both internally and

exËernally to the same vessel.

An examination of the interrelationship of the surface texture

and vessel rnorphology attríbute systems can provide suggestions on the

criteria for the application of particular surface treatment techniques.

A vessel that is burníshed, partíally burnished, or slipped is more

often thin; whereas the plaín were mostly thick.

Vessel forms are distinctive with respect to surface treatment.

The A vessel class is more frequently plain externally but burnished

internally. D and Fs vessers are frequently partially burnished

ínternally and externally. some of the Fs and H vessels are slipped

internally and externally. The H.vessels are associated with burnished

and partially burnished treatment. The Fc are more frequently plain.

Most of the vessels at Tulpetlac were well fired.

Reconstruction of Vessel Formation. So far we have seen a

generalized reconstruction of the ceramic technology used at Tulpetlac

by observing attributes and their interplay among attribute systems.
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I^le can go one step further. By careful examinatíon of the contingency

tables r¡ze can attempt to reconstrucL the formation of some of the vessel

classes as defíned by the rim classificaËion attribute.

In forming the Fc type, there \^ras a delíberate effort to use

coarser Ëemper and in lower proportíons than was done for the other

classes. A high proportion of the Fc vessels are thick. Finally, Fc

also receÍved the least surface treatment. This reflects a dístÍnct

paËtern on the part of the artisans from the begínning of the formation

of the pasËe texture to Ëhat of the surface texËure of a partícular class

of vessels.

In the formation of the D, Fs and H classes, íLems and procedures

Èhat were the antithesis of those of the Fc were used. Finer temper síze,

applied in lighter proporËions, was shared by these three classes. They

are predomínantly thin.. They are also frequently assocíated wíth

burnished and partially burnished surface treaËment. Fs and I{ contaín

most of the vessels that are slipped. Thus, D, Fs, and H reflect Ëhe

fine end of the rvorkmanship spectrum in Tulpetlac ceramics as Fc reflects

Ëhe rough end.

A r¿ord should be saÍd about the A class. With respect to paste

Ëexture, A rvould seem to be found more frequently with heavier temper

proportion states. Hovrever, it is remarkable that ít occurs frequently

wiÈh internal burnishing while exÈernally it associates more frequently

with plain surface treaLment. This reflects an effort by the artísans

to apply a relatively high quality external finish to a vessel class

whose temper proportion tends Èo be heavy and is plain internally. The
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paËtern used in the formation of the A class ís unusual among the

Tulpetlac classes. DifferenË surface treatment ís applied on the

inËerj-or and exteríor of the rim. Besides, a paste with a temper applied

in relatively heavy proportions is found in assocíation rvith a burnished

exteríor surface.

Predominant States

The Frequency DistríbuËion Table shows that the complete, compact,

sand, and cajete states predominale among Lhe oËher ståtes of the firing,

Ëexture' temper, and vessel form attributes respectively. In descríbing

the assocíation of the firsË three aLtribuËes with other attributes in

Ëhe previous chapter, iL was found that they are distínctive ín laching

any sígnificant associations rvith other aËtributes. This would seem to

suggest that Lhe predomínant. states r,¡ere held relatívely constant by the

Tulpetl-ac potter

There are t\^ro conclusions that one can arrÍve at from the

information provided by the Frequency Distribution Table and the

conËingency tables about Èhe st.ates of these attributes. One is that ín

Èhe formatj-on of these attributes, the potters aimed at acquiring the

most predominant states. The other is that in the formation of the

vessels these states were most frequently used.

some suggestions can be proposed for the first conclusion.

First, let us look at Lhe firing attribute. The fact Ehat the "complete"

is Ëhe most predominant state means that fíring r{as done at a high

sËandard. rt is normally accepted by ceramic experts that firing is a

major test of the formaËion of a vessel (shepard, 1968: 74). The
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usefulness of a vessel Ís directly dependent, to a large extent, upon its

fíríng state. Thus, the fact that a high standard of fíríng was achieved

at Tulpetlac goes to prove that the potters knew their art and were using

it to obtain maxímum returns.

As ín the case of fíring, ín texture \,ùe see uníformíty in the

maintenance of a relatively high standard in the ceramic Lechnology of

Tulpetlac. The most predominant state in texture is "compact". This

would seem to indícate a high standard of paste preparation. UniformiÈy

in Èhe Èexture can also mean a consístency in the choice of clay(s).

On the basis of information available on Tulpetlac, it ís

difficult to suggest possible reasons for the predominance of states in

the Ëemper and vessel form aLtríbutes. However, speculatíons suggest

Ëhemselves r¿hich have ramifications on related culÈural processes at

TulpeLlac.

InlíthouË a knowledge of the geology of the area, it ís difficult

to discuss Lhe prevalence of sand as temper. It is, however, possible

to suggest that due to the marked uniformity Ín the use of one type of

Ëemper, there was liËt1e use of trade ceramíc pieces at TulpeËlac. The

one objection to thís suggestion could, of course, be that there r,{ere

trade items, in the formation of which sand was also predominantly used.

A microscopÍc examination of the clay used, along with a knowledge of

its components, would especially be useful here.

The predominance of the vessel form, cajete, which is 68,I7" over

Ëen other clsses, is remarkable. This may be a function of any of three

possibilities: (a) that Lhis vessel form was one that lent itself for
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a variety of utilitarian purposes, (b) that

for trade, or (c) that this site represents

form was especÍally useful

I{as purposely produced

activity at rvhich this

ír

an

Some suggesti-ons can be proposed for Èhe second conclusion

mentioned above, namely uniformity in the applicatíon of the "complete"

state of firing and "compactrr state of texture in the formatíon of most

of the TulpeLlac vessels.

One plausible reason thaË can be suggested for uniformity Ín

firing is that vessels were probably fired together. Foster (1948: 89)

presenls ethnographic evidence for the. fact Lhat in the state of l'{íchoacan,

central Mexíco, vessels were packed to capacity ín kilns for fÍring, with

smaller vessel-s being placed in larger ones. The procedure of fíring can

take a fairly long tíme, up to four hours, whether usíng open firing

(FonÈana et al., I96L: 73) or a kiln (Foster, op. cít.). Ir can also

consume a substantial amount of fuel. Thus, no doubt potters would take

Ëhe opportunity of firing as many vessels as possible at one time.

In Ëhe case of texture, it Ís reasonable to assume that the pasËe

rnras formed for most vessels according to a standard, which vrould have

wíthstood the test of tíme. fn describing the procedure of paste

formation, ethnographers say that the paste is prepared until it has

reached a t'proper plasticity" (liaz, 1966: L42) or use other synon)rmous

Èerms (FosËer, 7948: 81; Shepard, 1968z LB2).



CHAPTER IV

ASSESS}ÍENT OF ATTRIBUTES AND SIMILARITY
I^IITH OTHER STUD]ES

The assessment of the attributes selected for study can be d.one

in eíther or both of tr,¡o T^iays. The fÍrst concerns Ëhe analytíc

defínition of an attríbute. The other concerns the subjecË matter of

the attríbute. I find iË difficult to take up the first type of cririque

with respect to the attributes used in thís study. The reason is thaË

Ëhe analysis upon which the attribuËe 1íst is based was done before I
undertook this study. On the other hand, íË is possíble Eo do a critique

of the other Ëype as f am sufficíently avrare of the subject matter of

the attributes. Associated wiËh thís type of critique are such issues

as the appropriateness of the methods used in compiling the attributes.

The critiques of the following attributes are based on the

proposítion that these attributes íncorporate assumpÉions v¡hich are

díffícult to justífy on Lhe basis of the subjecË matter of the

attribute list and its means of definítion.

Vessel Form

The ídea of producing schematic moders from rim profiles is

ÍËse1f commendable as an analyLic technique. The value of the use of

rim sherds ín schematíc models stems from the fact that the vesselts edge

is tradítionally one of its most sensitive indícaËors of change.

Unlike the other parts of the vessel, it is thaË rvhich is most easily

shaped, reinforced, and elongated. Besides, the rim gíves information

on the vessel 1ip and points of articulation rvith the neck and shoulder.

53
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Apart from "rim classificationt', there is a ttvessel formtt

attribute, No. 31 on the attribute líst (see Appendíx A, pp. 61_6ù. It

is worth asking on what basis the vessel form states v¡ere determined.

The ansrver would seem to be rim classification. Tol-stoy also formed.

rim profiles and assumed vessel form from Ëhem, but he warns ËhaË

whole-vessel dimensíons must be considered impressíonistic and very

approximaLe. "Even rímsherds cannot be always expected to differentiate

between forms which could easily be distinguished ín complete museum

specimens." (Tolstoy, 1958: 18*19).

The distinctíon should be made that the attribute list ís

concerned with the sËudy of rimsherds. should the analyst wish to

speculate on vessel form on the basis of concl-usíons arrived at through

work on the attribute 1ist, Ëhat is his prerogative. ft does noL seem

that there are appropriate attributes on Lhe list to rraïrant such

speculation. The overall vessel form incorporates parts of the vessel

other than the rím. These are the shoulder, body, and base, all of

which may be subjected to contours and angles not reflected in the rim

form. Thus, it is difficult to suggesË r¿hat purpose the vessel form

atËribuËe has on the 1ist.

Temper Proportion

0n the attribute list, temper proportion is a quantitative

sËatement expressed in percentage form on the relatíonshí-p between

Ëemper and paste texture. r would suggest some alterations in this

aËtribute. The reason is that on the basis of Lhe methods used to

identify Ëhe temper proportion states, it is difficult Ëo justify their
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number and the percentage range of each. In my opíníon the estÍmating

of these six states by sighË although done by one indívidual over a

period of time, asltras the case in the compiling of the attríbute líst,

is too precarious for accuracy.

To obtaín measurements for Ëhe estimates used on the attríbute

list, more sophisticated Ëechniques rvould have to be used. These would

involve the use of peËrographic mícroscope wíth a micrometer eyepiece or

a recording mícrometer stage focused on a thin-section of the rím.

A more appropriate subdívision of Ëemper proporËíon should be

stríct1y qualitative as, for example, in temper size. The states would

be in the following form, t'lo\"r", "medium", and "hightt. Using the

percentage scale of the aLtribute list, the following rough correlations

could be drar,rn, 1ow (0-30%), medium (30-50%), and high (50-100%).

Explanatory Statement

There ís a need for an explanaLory statement to be attached to

the attribute list. Such a statement could describe attributes 'and

attrÍbute sLates r¿hích are not suffíciently self-explanatory. For

example, under firing the dark ínterior and dark exÈerior states need

some description. \{hat criteria were used for the dark colour?

The int.eríor and exLerior surface treatment attributes have

burníshed and partially burnished states. It ís not too clear how one

was distinguished from the oËher.

The measurement of the thin sÈaËe of the rim thickness aËtribuLe

is less than 7 mm. That of the thick state is greater than 7.5 mm.

The question could be asked under what desígnation a rímsherd falls
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rvhose measurement ís between 7 mm. and 7.5 mm.

Fina11y, it is unfortunate t.hat more accurate means of obtaining

data from the rimsherds had not been used when the attribute list rvas

being cornpiled. The binocular microscope, for example, is easy to

handle and would not slow down the process immeasurably. It would be

espeeially invaluable for temper identification and estimating temper

proportion.

Comparison \¡líth Other SLudies

The Study as Àttribute Analysís. The fo11owíng points can be

described as some of the characteristics of a study in atËríbute analysis:

a) definítion of attribute
b) applicatíon of quantitative techniques
c) the establishíng of an híerarchical ordering of

archaeologícal units

It will be recalled that these points were found to be coiltmon to the two

studíes which were cíted on page 5 as using aLtribute analysis. An

attempt is made below to see what similarities there are in the way I

have incorporated these points within t.he study and the way they are

treaÈed ín other examples of attribute analysís.

Although I did not define the attributes I selected to study, I

described them as precisely as I could. In doíng the descriptíon, T

referred to tr.¡o authoríties on archaeology and ceramic technology

Shepard (1968) and Hodges (f964).

The very number of attributes in a study invariably enforces upon

the analysL the necessity of the use of data processing and sophísticated

mathematical concepts. The enumeration of atÈributes serves as an



57

introductíon to the use of quantii-atíve techniques.

The frequency distribution table and percentage histograms \.^/ere

helpful ín the discussion of relaËive cultural and temporal continuity.

The contingency tables formed the basis of assocÍations among attributes.

My use of statistical aids was el-ementary compared to that in other

studies, for example Binford and Bínford (L966) and Saclcerr (L966).

One reason for this is the large proportion of attributes with very few

staËes, the rim classification, surface treatment, and vessel form being

particularly ouËstanding. I^lithin the hierarchy of archaeological units,

thís study !¡enÈ from the attribute state to the aËtribute sysËem. An

attribute is manifested in the form of one of íts states on a sherd.

The atËríbute system, as the final stage, consists of groups of

attributes. The signifícance of each aLtribute system lies ín that it

corresponds to a stage Ín poËtery production.

Clarke (1968: 186), Deetz (1965: 45-54), and Sackerr (1966) also

form hierarchical units. The sËage that is one step removed from the

attribute is an "attribute complex" foï Clarke, "aËtribute associatíon.

fot Deetz, and 'ratËribute cluster" for SacketÈ.

Ceramic Technology. There has been liËtle study on procedures

in Pre-contact ceramic technology in Mesoameríca. i" suggesting reasons

for the predominance of some states in the previous chapter, pages 52 and 53

I had to resort Ëo analogies from et.hnographic studies.

Some earlier studies have been cíted on pages 4-5. However, I

would consider most of Ëhese studies as being more íntroducËory in

nature. They are fragmentary and laclc both depth and a sound methodological

approach to problems ín the formation of patterns in pottery production.
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The application of attribute analysis to ceramíc technology can

be helpful as can be seen from this study. The use of attribute

analysis on ceramic technology in l4esoameríca, where some corroborative

evidence could be had from ethnographic analogy, would be invaluable.



CHAPTER V

SUMMARY AND CONCLUS]ON

This study ís based on 543 rimsherds gathered from Tulpetlac,

Va11ey of Mexico. The first objectíve was Lo aËtempt a reconstrucÈion

of the processes used ín the formation of the Tu1petlac ceramíc vessels.

A flow chart r¿as drar,¡n whích represented stages in pottery production

from the formation of the paste texLure to the firing stage.

Before attempting the reconstruetíon, a frequency disËribution

table and percentage hístograms \,/ere discussed which strongly indicated

Ëhe existence of a cerLain amount of cultural and temporal continuity

among the rimsherds. This conclusion confirmed that a search for

patterns in the f ormation of the vessels vras \Ararranted. Àttríbut,es

\¡iere grouped inLo attrÍbute systemsreach representing one of the stages

in the flow chart. The relatíonship among Ëhe attributes was produced

in contingency tables. An interpretation of the contingency tables,

índicated paËterns that the potters had fo11owed. Attempts were also

made to reconstruct patterns used in forming some vessel classes.

The second objective r¿as Lo assess the usefulness of the

atLributes selected for study as tools for archaeological analysis.

This is Ëhe fÍrst time thaË the attribute list has been ,r"uå ,r, a major

study; beforehand only term papers had been based on it. Thus, f_n Ëhis

fírst sLudy, tire usefulness of the attributes selected was being tested.

The fact that by using them f r¿as able to arrive at conclusions which

are culturally meani-ngful shorvs that these attrj-butes are víable for

cerËain types of analysis. The critique on the attribules t{as based

59
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primarily on the subject matter of each attribute. The attrÍbutes I
discussed \^/ere vessel form, temper proportion, rim thickness, firing,

interíor surface treatment and exterior surface treatment.

The thírd objectÍve \üas a comparaLíve study rvith others in

ceramic analysis. This was done on the study as an attribut.e analysis

and as an exercise on ceramic technology. As an attribute analysis

this study is similar to others in so far as it covers three characterisËics

of studíes using aÈtribuËe analysis. These are defÍniËion of attributes,

use of quanEitative techníques, and Ëhe use of an híerarchy of analytic

archaeological units. As an exercise on ceramic technology ín Pre-contacË

MesoamerÍca, this study ís unusual compared to others that were cited.

Very 1Ítt1e work has been done on ceramíc technology in Mesoamerican

archaeology. None of the worlcs mentioned uses the method of attrÍbute

analysis Lo reconstruct the items and procedures used by the Pre-contact

Mesoamerican potters.

Conclusion

rn conclusion, r would like to discuss briefly some topics

related to this study, which have not yeË been mentíoned.

rn my use of attríbute analysis, r have been ovenvhelmingly

concerned about the attribute as an archaeological analytíc uiÍt

involved in ceramic technology. I have not discussed the fact that as

an archaeological unit and item of technology, the ceramic attribute

demonstrates the result of human actívity usíng natural resources.

As topícs related to the subject matter of this study, a rvord should

be said about ceramic technology as a product of people in social

systems working on the resources obtained from the physical environment.
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The fact that we do not know rvhat culture(s) produced the

Tulpetlac material does not prevent a discussion of the general role

of ceramic technology in culture. The immediate group of people who

produce pottery can be regarded as forming a pottery sub-culture. The

sub-culture is subject to the political and economic controls that are

exerted upon it by a larger, more encornpassing socio-cultural group.

The larger group may correspond to any of the levels of the integration

of social systems outlined by Service (1962)"

The importance of the larger group is that it dictates the

place of pottery production as an economic activiËy. Suggestions have

been put forward for the existence of a socio-economic organization in

classic-Postclassic valley of Mexico. Mayer-oakes has suggested the

presence of an urban-peasant-folk continuum there (1959: 365-368).

El Risco, among other trpeasanttt sites, was one in which there could have

been some ceramic specíalization. Possible índications of the

coordination of economic enterprises, including pottery production,

have been found by Mil1on ar Teorihuacari (Lg7O: IOBO-lOBl).

We have seen some regularities in the association of certain

attributes in the Tulpetlac material. Although both the sample of

sherds and the quantitative techniques used in the analysis were

limited, we could ask whether certain cultural situations were

responsible for the regularities. could it have been based on the

function of the vessels, whether it be for utilitarian purposes in the

vicinity of Tulpetlac, or for use as trade items?

The purpose of this brief survey is to indicate that pottery,

as an item of technology, is an economic activity that has a prace

wiÈhin the overall political and economic systems. An analysis of the
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Tulpetlac material aimed at answering questions related to this issue

could be attempted.

Natural Resources. pre-contact potters relied upon natural

resources which \.'/ere extracted from the physical environment. The

resources include clay, temper, nater, tools used in burnishing (for

example wood, shell, and bone) and fuel for use in firing.

The item of temper was taken up in this study. studies on clay,

as well as on other natural resources, could be undertaken to answer

questions on components and availability. Research in these areas

could tell us to what extent the natural resources controlled the

potËery technology of Tulpetlac.

Attribute Analysis. As defined on page g, an attribute is a

logically irreducible character. Most archaeologists will agree with

spaulding rvhen he says, rt...archaeologists are concerned only with

culturally relevant attributes.tr (1960: 61). rn determining archaeological

attributes the main question is to know what is culturally relevant.

Familiarity with onets material is ol¡víously an asset in this

regard. However, it does not necessariry provide all the answers to

the problen. tr{ith what level of human activity should the attribute

correspond? In the case that an activity involves several variables,

some of which are out of the control of the artisan, for example firing,

could this be regarded as an attribute? In the event that an activiËy

ís caused through the use of a toor or tools, as in the case of

burnishing, how does the analyst decide what wilr be an attribute?
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The fact that the above questions are open-ended does not mean

that an attribute analysis cannot be undertaken. Rather, the questions

are general in nature and as a result need to be constantly reviewed

by theoretical archaeologists. They also suggest very strongly the need

for precise definitions in attribute analysis.
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APPENDIX A

VALLEY OF MEXICO SHERD ATTRIBUTES

1. Rim Number: (1)

2" Site: (1) Tecoalapan (2) Tulpetlac (3) E1 Corral

3. Level: (1) - (10) Tecoalapan 1-10 (1i) - (20) Tulpetlac
1-10 (2I)- (31) Er Corral l-11

4. Sherd Type:

5. Paste Color:

6 , Temper:

7. Temper Size:

(1) rirn (2) shoulder (3) body (4) base

(1) black (2) brown (3) tan (4) orange
(5) gray (6) mauve

(1) sand (2) calcite (3) other

(1) fine (2) medium (3) coarse

B. Temper Proportion: (1) 0-10% (2) L0-20"/" (3) 20-30% (4) 30-40%
(5) 40-so% (6) so-100%

9, Texture: (1) granular (2) conpact (3) laminared
(4) Tepeyac paste

10. Firing: (1) complete (2) dark core (3) dark inrerior
(4) dark exterior

11. Rim Thickness: (1) thin (1ess rhan 7 ruot)
(2) thick (greater than 7.5 n*)

L2. Rim Classification: (1) A (2) B (3) C (4) D (5) E (6) Fs
(7) Fc (B) c (9) H (10) I (11) J (12) orher
(13) indeterminate

13. Rim Curve (I): (1) concave (2) convex (3) straighr
(4) indeterminate

L4, Rim Curve (II) : (1) sligl-rt (2) moderate (3) exrreme
(4) rounded angular (5) sharp angular
(6) not applicable (7) indererminare

15. Rim Slope (I): (I) insloping (2) ourslopinC (3) verrical
(4) indeterminate

16. Rim Slope (II): (1) slight (2) moderate (3) exrreme
(1) not applicable (5) indeterminate

17 " Rim Form: (1) tapered (2) rhickened (3) parallel sided
(4) indeterminate
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18. Lip Form (I):

19. Lip Form (II):

20. Interior CoIor:

2I. Exterior Color:

22. Interior Surface
Treatmen t :

23. Exterior Surface
Treatment:

24. Lip Surface
Treatment:

25. Interior Surface
De corat ion :

26. Exterior Surface
De corat ion:

27. Lip Decoration:

28, Location of
Interior Decoration:

29. Location of
Exterior Ðecoration:

30. Appendages:

(t) sirnple (2) complex (3) indeterminate

(l) squared (2) rounded (3) flattened
horizontally (4) flattened non-horizontally
(5) indeterminate

(1) black (2) brown (3) red (4) white
(5) orange (6) yellow (7) gray (8) other
(9) eroded

(1) black (2) brown (3) red (4) white
(5) orange (6) yellow (7) gray (B) other
(9) eroded

(1) burnished (2) partially burnished
(3) slipped (4) plain (5) rnultiple (6) other
(7) eroded (8) fabric marked

(1) burnished (2) partially burnished
(3) slipped (4) plain (5) multiple (6) other
(7) eroded (B) fabric marked

(1) burnished (2) partiall)' burnished
(3) slipped (4) plain (5) mulriple (6) orher
(7) eroded (B) fabric marked

(1) engraved (2) incised (3) punctate
(4) trailed stick (5) fingernail incised
(6) painted (7) painted and incised (B) orher
(9) absent (10) grooved (11) multiple

(i) en5¡raved (2) íncised (3) punctate
(4) trailed stick (5) fingernail incised
(6) painted (7) painted and incised (B) other
(9) absent (10) grooved (11) mulriple

(1) engraved (2) incised (3) punctate
(4) trailed stick (5) fingernail incised
(6) painted (7) painted and incised (B) orher
(9) absent (10) grooved (11) mulriple

(1) rim (2) neck (3) shoulder (4) body
(5) absent

(1) rin (2) neck (3) shoulder (4) body
(5) absent

(1) filleted strip (2) srrap handle (3) loop
handle (4) stroop handle (5) lrrg
(6) castellation (7) other (B) none
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31. Vessel Form:

32 . Rim Diameter:

33. Painted Decoration:
(interior)

34. Painted Decoration:
(exter ior)

35. Painted Decoration:
(1Íp)

(1) comal (2) cajete
(4) cazuela (5) o1la
hemispheric bowl (B)
(9) saucer (i0) basin

(1) 0-2 cm ------ (
(19) greater than 36 crn

(1) red (2) white (3)
(5) other (6) absenr

(1) red (2) whire (3)
(5) other (6) absent

(1) red (2) white (3)
(5) other (6) absenr

(3) molcajete
(6) tecomate (7)

cylindricaL jar
(11) indeterminate

1B) 34.1-36 cm
(20) indeterminate

black (4) brown

black (4) brown

black (4) brown
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APPENDIX B

PERCENTAGE HISTOGRAMS

There are fifty-five percentage histograms, each representing

one attribute state. The states are placed under the appropriate

attributes.

The percentage of each level or surface collection is calculated

ouË of the total number for that state in the entire collection"

For further discussion, see page 19.

Percentage Scale

20 60
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APPENDIX C

Appendix C consists of contingency tables not discussed in

detail in the text (see pages 24-43).
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Table 17

a."tt"t"""t t"tt.

,"rO

Temper Column I 2 3 RowTotal

1 0b. 3I4 2OI 4 5Lg
Ex. 307 .78 203.59 7 .65
x2 .r2 .03 L.74

2 0b. 0 4 o 4
Ex. 2 "37 I.57 .06
t2 2.37 3.75 .oo

3ob.BB420
E¡. 11. 86 7 .85 .30
*2 L.25 . oo 45.63

Column Total 322 2L3 8

Grand Total 543

2
Accum. x 54.89



to

Table 18

contingency Table betrveen Temper and remper proportion

Temper Proportion

Temper Column L 2 3 4 5 6 RowTotal

1 0b. 15 II7 203 111 58 15 5L9Ex. 14.34 LL2.7B 198.81 LL3.74 59.26 20.01x' .03 . 15 .08 . 06 .02 I.25

2 0b" 0 0 0 o I 3 4Ex. .11 .87 1.53 . BB .46 . 15x2 .09 .87 r ,52 .87 .63 54.L3

30b.01583320
Ex. .55 4.35 1.66 4.38 Z,2B ,17x2 .54 2.57 .g2 2.gg .22 6.45

:.
Column Total 15 ItB 2OB LLg 62 2L

Grand Total 543

Accum. x2 73.39
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Table 19

Contingency Table between Ternper and Texture

Texture

Temper Column I 2 3 4 RowTotal

1 ob. 9 5OB I 1 519Ex. 10. 51 500. 84 .96 6 .69x2 .2r .28 .oo 4.84

2 0b. 2 I 0 1 4Ex. 
" 0B 3. 86 . 0t .05x2 46.12 2.rL . oo 18. oo

30b.0150520
Ex. "4L 19.30 .04 .26
xz .4L .g5 . oo 86.42

Column Total ll '524 1 7

Grand Total 543
.)

Accum. x' L59.34
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Table 20

Contingency Table between Temper and Firing

Firing

Temper Colurnn L 2 3 4 RowTotal

1 ob. 398 lOB 7 6 5LgEx. 397.61 108.96 6,70 5.732x- .00 .00 .01 . 01

2 Ob. 4 o 0 o 4E4" 3.06 .84 .05 .04
x2 .28 .84 .oo .oo

30b.1460020
E¡. 15 .32 4 .20 ,26 .Oz,x' .11 .77 ,26 .00

:.
Column Total 4L6 LI4 7 6

Grand Total 543
)

Accum. x' 2.28



o1

TabLe 2L

Contingency Table between Temper and Rim Thickness

Rim Thickness

Temper Column 1 2 Row Total

ob" 305 2L4 5L9
r,4. 310.63 208.36
x- .10 .15

ob"
Ex.
x2

ob.
Ex.
x2

40
2.39 r .60
1 .08 I .60

L64
Lr.97 B. 02
1.35 2.Or

20

Column Total 325 2lB

Grand Total 543
)

Accum. x 6 "29



Temper CoIumn

I ob.
Þx.
y2

TabLe 22

contingency Table between Temper and Rim crassification

I

26
26.76

^,
tt

,2L
.L9

aL

I .03
.9L

28

543

92.L7

ob.
Ex.
x2

ob.
Ex.
x2

Column Total

Grand Total

Accum. x2

4646
3.82 5.73 s1.61
.00 .01 .60

0

4

Rim Classification

.03

.00

.15

.13

n

.04

.00

.22

.22

135 L32
r34.77 128.08

.00 .I2

2

.40
6,40

6
100

B. OB

544

2

L.04
.88

4
5. 19

L4L

B 9 10

16 150 2
15.29 I45.28 L.97

.03 .15 .00

00
.99 .I2
.98 .08

20
4.94 . sB
L.74 .58

734 16

o

r. 11
1.10

2

5.60
2.3L

I52

11 Row Total

2 5I9
5.73
2.42

00
.01 .04
.00 .00

04
.07 .22
.00 64.95

4

20

co
l\)



Temper

1

Table 23

contingency Table between Temper and rnterior surface Treatment

Column

ob.
Ex.
*2

ob.
Ex.
_.2

ob.
Ex.
*2

1

225
228.44

.05

4
L.76
2.85

10
8. B0

,L6

239

s43

lL.20

Column Total

Grand Total

Accum. *2

Interior Surface Treatment

2345

170 L9 62 2
L68 "22 18.20 62.L3 I .91.01 .03 .00 . oo

4
1 .30
r.3

6

6.48
.03

176

0
.17
.17

0
.70
.7

I9

0
.48

J

2.40
" 15

65

1

37
35.36

.08

0
.21
.25

0
I.36
I.36

37

0
(\)

.00

0
.07
.00

2

8

4
4.7 8

.L2

0
.04
.00

I
.19

3 .47

5

Row Total

519

20

@



Temper

I

TabLe 24

contingency Table between Temper and Exterior surface Treatment

Column

ob.
Ex.

2

ob.
Ex.
x2

ob.
Ex"
x2

2'

1

7T
74"60

.L7

a
J

.57
10. 35

4
2.87

.44

7B

s43

L}r.23

Column Total

Grand Total

Accum. x2

2

L43
r43.37

.00

0
1.10
1.10

7

5 .52
.39

150

Exterior Surface Treatment

L9 24I
18. 16 235.L3

.03 .L4

01
.r4 1.81
.L4 .36

o4
.70 9.06
.70 2.82

L9 246

o(.

"00

.01

.00

.04

.00

7

43
42.06

.02

0
.32
.31

1

L.62
a1.¿J

44

o

t
4.78
2.98

0
.04
.00

4
.18

81.05

5

Row Total

519

20

co

'Þ
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Table 25

a.

Texture
Temper
Size Column 1 2 3 4 RowTotal

1 0b. 1 319 1 1 322
Ex. 6.52 310.73 .59 4.I5
x2 4.67 .22 .zB z.3g

20b.8203022L3
Ex. 4 .3L 205 .55 .39 2 .7 4
x2 3.16 . 03 " 38 .20

3 0b. 2 2 0 4 8
Ex. .L6 7 .72 .01 .10x2 zr.LB 4.23 . oo r52. to

Column Total 11 524 L 7

Grand Total 543

Accum. t2 l1B. 84
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Table 26

a

Fir ing
Temper
Size Column L 2 3 4 RowTotal

1 0b. 239 77 2 4 322
E¡. 246.69 67 ,60 4.L5 3.56
*2 .20 r.3o 1.1r .05

2 0b" I74 32 5 2 2L3
Ex. 163.18 44.72 2.74 2.35
x2 .7t 3.61 1. 86 .05

3 0b. 3 5 0 0 B
84. 6.13 I.67 .10 .09
x2 1.59 6.64 .10 . 11

Column Total 4L6 LI4 7 6

Grand Total 543

Accum. x2 L7.33



ot

TabLe 27

Contingency Table between Temper Proportion and Texture

Texture
Temper
Proportion Column 1 2 3 4 RowTotal

ob" o 14 0 1 15
Ex.

2x
.30 L4.48 .03 .L9
.30 .01 .00 3.47

Column Total

Grand Total

Accum. x2

ob.L1r70011B
Ex. 2 ,39 113 . 87 .22 I.5Z
x' .80 .08 .zz 1.51

0b.720511208
Ex. 4.2I 200.72 .38 2.68
x2 2.44 . 09 I. oo 1.05

ob.2'rr3o4LLg
Ex. 2.4L IL4.B4 .22 1.53
x2 .07 .02 .22 3.98

ob.L600162
Ex. L.26 59.83 .11 .80
x2 .05 . oo .09 .05

0b.675002I
Ex. .43 20.27 .04 .27
x2 12.L3 r.37 . oo .25

11 524 I

543

89.20



oo

Table 28

at

Firing
Temper
Proportion Colurnn I 2 3 4 RowTotal

1 0b. 11 4 0 o 15Ex. IL.49 3. 15 .19 .I7x2 .oz .22 .2r .T7

2 0b. 85 31 o 2 118Ex. 90.40 24.77 I "52 1.30
*2 .32 r.56 1 .5r .37

3 0b. rs7 43 4 4 2oBEx. L59 .35 43 .67 2.68 Z.3O
x2 .03 .01 .64 L "25

4 0b. 98 '19 2 o LLgEx" gL.Lt 24.98 I.53 1"3I
x2 .51 L.43 .t4 1.31

5 0b, 47 14 I o 62Ex. 47 .50 13.02 . B0 .69x2 . oo .07 .05 "69

60b.183002r
Ex. 16.89 4.4L .27 .23x2 .22 .45 .25 .2L

Co1umn Total 416 IL4 7 6

Grand Total 543

)
Accum. x L0.27
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Table 29

Contingency Table between Texture and Firing

Firing

Texture Column 1 2 3 4 RowTotal

1 0b. 10 1 0 0 11
Ex. 8.43 2.3L .I4 .L2
x2 .2g .60 .L4 . oB

ob. 403 108 7 6 524n4. 40I .44 110. 01 6 .76 5 .7sx- .00 .03 . O0 . O0

ob. I 0 0 oEx" .77 .2I .01 .01x' .06 .I9 .00 .00

4 ob. 2 5 0 0Ex. 5.36 I.47 .09 .08x2 2.Lo 8.47 .1I .L2

Column Total 4L6 LL4 7 6

Grand Total 543

Accum" *2 12.33



90

Table 30

Contingency Table between Texture and Rim Thickness

Texture Column I

ob.
Ex"
x2

ob.
Ex.)

ob.
Ex.
x2

Rini Thickness

56
6.58 4.42

.37 .56

10
.60 .40
.26 .40

25
4.L9 2.Br
I,T4 T.7O

2 Row Total

l1

ob. 3I7 207 524
E4. 313.63 2L0.31
x' .03 .05

Column Total 3ZS 2IB

Grand Total 543
2

Àccum. x 4.5L



Texture Column

Table 31

Contingency Table between Texture and Rim Classification

ob.
Ex.

2

ob.
Ex.
x2

ob.
Ex.
x2

ob.
Ex.

')

J

00
.57 . 08
.56 .r2

24
27 .02

.33

0
.05
.00

4
.36

36.80

28

s43

47 .69

0

Column Total

Grand Total

Accum. z2

4651
3. B6 5.70, 52.rr

. 00 .00 .02

4

2

1 .09
.76

.12

.08

Rim Classification

0
.01
.00

0
.05
.00

6

4
2 "86

L,\

.01

.00

.08

.L2

7

I
t 7)
I .08

135 L32 15
136.06 L29 .3L L5.44

.00 .05 .01

0

0

ö

I
1n

L.43

.10

.10

.70
,L2

1

.26
2.IL

1

L.82
.36

L4L6

9 10

30
3.08 .04
.00 .00

0
.25
"¿+

1

L.72
.30

L3454

L4926
L46 .68 1 .93 5.79

.03 .00 .00

l1

0

0
.03
.00

.21
"t9

U

.28

.¿ó

0
L.96
L.95

L52

Row Total

11
.L2
.08

T6

.00

.00

r\?

.00

0

524

.01

.00

.08

.LZ

\o
P



Texture

1

Table 32

contingency Tabl-e between Texture and rnterior surface Treatment

Column

ob.
Ex.
-,2

ob.
Ex.

1
xL

ob.
Ex.
x-

ob.
Ex.

.)
xL

1

2
4.84
r.66

234
230.64

.04

0
.44
.43

ôJ

3.08
.00

239

543

35.80

2

5
3 .57

<1

L7T
169.84

.00

U

.32

.31

U

2.27
2.26

776

Interior Surface Treatment

Column Total

Grand Total
)

¡\ccum. x

tJ

0
.39
.38

L9
18.34

.02

0

45

30
I,32 .04
2.I3 .00

582
62.73 L"93

.35 .00

10
.L2 .00

6.4L .00

30

.04

.00

0
.25
.24

19

7

1

.08

36
35.7r

.00

0

ö

0

.84
5.55

65

.10

.10

4
4. 83

.14

0
.01
.00

1

.06
L4.66

5

Row Total

1l

.03

.00

.07

.00

U

.48

.47

37

524

\o
N)



Texture

1

Table 33

contingency Table between Texture and Exterior surface Treatment

Column

ob.
Ex.
x2

ob.
Ex.

)

ob.
Ex.

2

1

2

1.58
.11

75
75.27

.00

0
.L4
.L4

1

1.01
.00

78

543

69.89

4 0b.
FV

x2

Column Total

Grand Total

Accum" *2

2

2
J. U+

.35

L4B
r44.7 5

.07

0
.28

10..LO

0
L.93
L.92

150

Exterior Surface Treatment

3

0

.39

.38

T9
18.34

.02

0
.04
.00

0
.25
.24

L9

4

tr)
4.98

.00

236
237.39

.00

1

.66

4
3.L7

.¿L

246

7

2

.89
1 ror ¡ JO

42
42.46

.00

0

.08

.L2

0
.57
.56

44

0
.02
.00

o7

.00

.00

oo

0
.10
.10

1J

4 "83
.69

ar

.00
0

2

.06
62.66

5

0

Rorv Total

11

0
.01
.00

524

(,



A/1

Table 34

ContÍngency Table between Firing and Rim Thickness

Rim Thiclcness

Firing Column I 2 Row Total

I ob. 248 168 416Ex. 248 .99 I6i "0Lx2 .oo .oo

2 0b. 72 42 LL4
84. 68.23 45,77
x2 .20 .31

3 ob. 0 7 7
Ex. 4"L9 Z.BI
x2 4.rg , .6 .24

4 ob" 5 I 6
Ex. 3.59 2.4L

2x' .55 .82

Column Total 325 ZLB

Grand Total 543

Acc. x2 L2.L3



Firing Column

Table 35

Contingency Table between Firíng and Rim Classification

ob.
D--
!À.

2

ob.
Ex.
-.2

ob.
D-.

_.2

1

24
2I.45

.30

aJ

5. 88
I .40

1

.36
1. 13

254L
3 .06 4.60 4r .37
.36 .03 .00

2LL2
.84 r.26 II.34

1.60 .05 .03

4 0b.
El"
X

Column Total

Grand Total

Accum. x2

4

Rim Classification

0

00
.31 .04
.32 .00

.05

.00

r02 109 13
108.02 I02.66 12 .26

.33 .39 .04

0
.07
.00

0
.07
.00

2B

543

23.93

35
29.60

.98

1

I.82
.36

3

I .56
L.32

t4r4

.70

.70

.60

.26

20
?R 1"
2.34

?

L.73
.93

2

t.48
.18

L34

LT622
LL6.45 1.53 4.60

. 00 .L4 L .46

3
J.JO

.03

0
.2L
,L9

0
.18
.16

L654

10

J+
3T.9I

.13

2

L.96
.00

U

1.68
I.67

L52

11

04
.42 L.26
.42 s .96

Row Total

4L6

0
.03
.00

0
î2

.00

IT4

.08

.L2

.06

.00

6

\o
(u



Firing

I

Table 36

contingency Table between Firing and rnterior surface Treatment

Column

ob.
Ex")-x-

ob.
Ex.

2x

ob.
Ex.
x2

ob.
Ex.
--2

1

L93
183.10

.53

4T

50. 1B

r .67

1

3 .08
1Lñ

4
2.64

.70

239

s43

L7 .BL

2

t34
L34.84

.00

37

36.95
"00

3
2.27

.¿J

2

1.95
.00

t76

Interior Surface Treatment

Column Total

Grand Total

^lÁICCUm. X

13
14.56

.L6

6

3.99
1.01

tt

)\

0
)1
10

L9

4

45
49.80

.46

L7
L3.65

.ö¿

J

.84
5. 55

0

.72

65

5

2
1 .53

.14

ll

7

25
28.35

?o

L2
7 .77
2 .30

0
.48
.47

0
.4L
.4r

37

.42

.42

.03

.00

.02

.00

Õ

4
3. 83

.00

1

1"05
.00

0
.06
.00

0
.06
.00

5

o

Row Total

4r6

0

II4

\o
O'ì



Firing

1

Table 37

contingency Table between Firíng and Exterior surface Treatment

Column

ob.
Ex.
__2À

ob.
Ex,
x2

ob.
Ex.
x2

0b.
tr-

,)

62 113
59 .7 6 rLí.92

.08 .03

4

Exterior Surface Treatment

L4
16.38

.34

0
1 .01
1 .00

2

.86
1.51

78

543

30.07

Column Total

Grand Total
')

¿\CCum. x

35
3L.49

.39

0
L.93
L.92

2

L.66
"07

150

aJ

T2
14 .56

.44

7
?oo
2.27

0
.25
.24

0
.2I
.19

L9

4

L94
1 88 .46

.16 '

43
51.65
r.44

7

3.L7
4.62

2

2.72
.L9

246

5

0
.77
7^

1

.2L
2 "95

0
.01
.00

0
.01
.00

1

7

t/,J+

33.7L
.00

10
9 .24

.06

0
.57
.56

0
.49
.48

¿LL

ö

1

3.83
2.09

4
I .05
8.28

U

.06

.00

0
.06
.00

5

Rorv Total

416

LL4

\o\¡



9B

Table 38

a."tt"t"""t t.tt.

Temper Proportion
Temper
Síze Column I 2 3 4 5 6 RowToral

1 0b" 14 704 136 48 t9 I 322E¡. 8.90 69.97 L23.34 70.57 36.77 L2.45
*2 2.g2 L6.57 1.30 7.22 8.59 10.63

2 0b. I 14 71 68 40 L9 2I3
Ex. 5. BB 46 .29 81 . 59 46 .68 24.32 B .24
x2 4.05 22.52 r.37 9.74 to.lt 14"05

3 0b. 0 0 I 3 3 1 B
E¡. .22 L.74 3.06 T.75 .9L .31
x2 .22 r.74 1.39 . 89 4. Bo L.54

Column Total 15 ll8 208 119 62 2L

Grand Total 543

Accum. t2 r19.63
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Tabte 39

contingency Table between Temper size and Rim Thickness

Rim Thickness
Temper
Size Column I 2 Row Total

1 0b. 247 81 322
Ex. L92,73 L29.27
x2 12.08 18.02

2 Ob. 82 131 2L3
Ex. 727 .49 85.51
x2 16 .23 24.rg

3 0b" 2 6 B
Ex. 4.79 3.2L
x2 L.62 2.42

t.

Column Total 325 ZLg

Grand Total 543
t

Accurn. x' 74.56



Temper
Size

1

Table 40

Contingency Table between Temper Size and Interior Surface Treatment

Column

ob.
D--
D.è, .

,)

ob.
F-,!^.

)

0b.
F-

)
^

Total

I

14s
r41.72

.07

93
93.75

.00

1

3 .52
1 .80

239

543

28.49

Column

Grand Total

Accum. t2

aôLJ

105 15
104.37 IL.27

.00 L.23

68 4
69 .04 7 .45

.01 1.59

30
? qo 1a.40

.06 .28

L76 19

Interior Surface Treatment

45

300
38.55 1 .19
1.89 1.19

332
25 .50 .7 B

2 .20 I .91

ô^¿U
.96 .03

L.L2 .00

652

7

naLJ

21 0L
.05

13
14. 51

.15

I
.55

ar.JU

37

C)

4
10.a

0
r "96
r.95

1

.07
T2.28

5

Row Total

322
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Table 41

Contingency Table between Temper Size and ExterÍor

Column

ob.
Ex.
x2

ob.
Ex.
x2

1

47
47.44

.00

33
31.38

.08

U

1.18
L "T7

80

s43

174.s3

Column Total

Grand Total

Accum. x2

2

109
89.54
4.22

42
59 .23

5. 01

0
2.22
2.22

15i

ob.
Ex.
x2

Exterior Surface Treatment

3

15
L0 .67

L.7 5

3
7 .06
¿. JJ

0
.27
.25

1B

4

123 I
L41.06 .s9

3.93 .28

I20 0
97.28 .39
5.30 .38

Surface Treatment

5
3.65

.49

248

7

26
24.3I

.11

15
16.08

.07

0
.60
.60

4I

8

I
2 .37

.79

0
1.56
1.55

3

.06
r44.00

4

0
.01
.00

Row Total

322

2L3

o
O

ts
O



l-02

Table 42

Contingency Table between Ternper Proportion

""

Interior Surface Treatment
Temper
Proportion Column I 2 3 4 5 7 B RowTotal

1 0b. 9 2 2 2 0 0 0 15
Ex. 6.60 4 "86 .53 1. B0 .06 L.Az .I4
x2 .Bt r.68 h.ot .02 . oo r. ot .r4

2 0b. 57 42 4 7 I 7 0 118
Ex. 51.94 38.25 4.13 i4.13 .44 8.04 1.09
x2 .49 .36 . oo 3.59 .70 .13 t. 09

3 0b. I02 54 13 23 1 10 5 208
Ex. 91.55 67.42 7.2824.90 .77 1,4.L7 L.92
x2 L.Lg 2.67 4.4g .L4 .06 L.22 4.g4

40b.4348020080119
Ex. 52.38 38.57 4.16 L4.25 .44 8.11 r.10
x2 r.67 2.30 4.16 2.32 .43 . oo t. ro

50b.1822011011062
Ex. 27.29 20.10 2.2 7.42 .23 4.23 .57
x2 3 . t6 .Lt 2 "zo L .72 .2L 10. 83 .56

60b.108020102I
Ex. 9 .24 6. B1 .74 2.5L .08 1.43 .z
x2 . 06 .20 .t 4 . 10 .rz .L2 .zo

Column Total 239 L76 L9 65 2 37 5

Grand Total 543

Accum. *2 62,22


