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ABSTRACT 

Not all va r iability in archaeological collections is due to phen-

omena in which archaeologists are interested. Significant variability 

amo ng coll ections from si tes and port io ns of sites exca vat ed by the 

Dolores Archaeological Program in sout hwestern Colorado can be at t r ibuted 

to differences i n mode of collection, types of study uni t s, and dep osits 

enco untered in samp l in g. 
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INTRODUCTION 

The subject of archeology is behavioral and cultural variabil­
ity- the similarities and differences in behavior at specific 
temp oral and spatial loci. Its object is to explain these 
si milarities and differences (Plog 1974:13). 

Explan ation of variability within and between collections of archaeo-

logical materials is a basic activity of the archaeologist. In most 

cases, variability is ass umed to be related to prehis t oric cul tu ral 

differences, and examples of interpretations cover consi derable grou nd. 

Perceived variability has led to interpretations of ethnic affiliation 

(Bo rdes 1972:146-159), spatial segregation of activities (B i nford and 

Binford 1966), postmarital resi de nce rules (Longacre 1970), economic 

speciali zat ion (Rice 1981), social differentiation (Otto 1975), dicho-

t omies between sacred and secular (Sears 1973), de grees of interaction 

between populations (E ngl ebrecht 1978), enviro nme ntal influences (Arnold 

1978), i ntensity of occu pation (Cook 1972), duration of occupation 

(Schiffer 1975), and temporal differences amo ng assemblages (Ford 1952). 

In some cases, variability has also been attributed to circumstances sur-

rounding the prehistoric abandonment of site locations (Kane and Robinson 

1980), later cultural modification of earlier deposits, and noncultural 

post depos i tio nal processes (Schiffer 1976:15) . Variation in the history 

of the dep osits resulting from any of these factors can alter the set of 

materials available for study in the archaeological context (fig. 1). 

Recently archaeologists have become aware that the nature of the 

sample of materials drawn from an archaeological con text may affect inter­

pretations based on those mat erials. Differences between judgme ntal and 

probabilistic samples ha ve been recogni zed (Kohl er and Gross 1981), and 

Nance (1981) has di scussed how the ext ent of excavat ion dete rmines t he 
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likelihood that rare artifact types will be included in a sample . Under 

the heading Analytic Context in figure 1 we have identified several 

factors affecting the composition of collections recovered from archaeo­

logical deposits . We will reserve the term "assemb l age" for materials in 

use in a systemic context ; "deposit s" for the materials and their spatial 

relations in an archaeological context; and "collections" for material s 

taken from the archaeological context . The purpose of this pape r is to 

examine the effects of archaeological recovery techniqu es and types of 

proveniences investigated on collections from sites, and on collections 

from spatially and tempora lly defined portions of sites in the Dolores 

Rive r va lley. 
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DEFINITION OF THE PROBLEM 

Va riability with in and between archaeological collections has been 

used for a variety of purposes by the DAP (Dolores Archaeological Pro­

gram) . Date esti mates fo r proveniences have been made on the basis of 

relative frequencies of pottery types (Blinman 1982) and on variation in 

utility ware neckband heights (Blinman 1981); sites'have been classified 

into a functional typology based on tot al artifact collections (Schl anger 

and Harden 1983); and lithic profiles have been used to differentiate 

Archaic and Anasazi lithic scatters (Ph aga n 1981). Such studies require 

various assumptions about how data from coll ections represent particular 

syst emi c contexts . Some of these studies , and many archaeological hypo­

theses in general, can be addressed using data consisti ng of diagnost ic 

items, spatial relationships, or infe rred functions. Other studies 

require data from collections that adequately represent systemic assem­

blages. These latter studies appear to be particularly sensitive to vari-

ati on introduced by the archaeologist . 

From the beginning of the DAP excavation program in 1978 there we re 

important factors introducing variability amon g collections of materia ls. 

Some of these are in part systemic; sites are dissimilar in setting , 

structure, size, depth and den sity of deposit s, and content . Others are 

nonsystemic. Two st eps we re taken by the DAP to achieve as much collec­

tion consistency as poss ible: 

1. All excavation was conducted according to a standard field manual that 

was first drafted in 1978, and which wa s later revised and expanded 

(Kane, Hewitt et al. 1981). The manual contai ns guidelines for sur-

face collection and excavation procedures, including suggestions as to 

-4-
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when screening, troweling, excavation by heavy equipment, and so 

forth, may be appropriate . 

2. Field forms were estab lished that required description of the nature 

of the deposit where materials originate and how collections were 

made . For purposes of studying intersite comparab ility of data the 

most important of these forms is the Field Provenience Description 

Form. This .form is filled out for each excavation lot, and includes 

information on the following. 

a. Study unit type (e.g., surface room, kiva, midden ; 1- by 1-m 
l 

square, trench) . 

b. Fill/assemblage position (relating the position of excavated 

fills to observable cultural units: roof fall, wall fall, floor 

surfaces , foundations). 

c. Fill/assemblage type (differentiating types of cultural deposits, 

e.g., primary, secondary, and de facto refuse; materials in 

apparent use assoc iation; deposits with a noncultural or mixed 

origin). 

d. Mode of collection (e.g . , various-sized screens, nonintensive and 

intensive surface collection, trowel, trowel and shovel, back­

hoe) . 

Coding these attributes fo r each provenience provides the DAP with 

one means for determining the extent of intercollection variability due to 

factors in the analytic context. 

These field procedures were augmented in 1979 by the initiation of a 

probability sampling program for selected sites . In this program, collec-

tion techniques were standardized, with all matrix screened through one­

quarter-inch (6.44 mm) mesh and al l observed cultural materials 

-5-
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recovered. However, these probability samples were designed to provide 

rep resentative samples of populations that could be spatially designated 

prior to excavation. Correspondence between prior designated populations 

(for examp le, all materials in a site) and ideal units of interpretation 

(element s and househo l ds in DAP terminology ) is rare, but these samples do 

have value in helping discover collection biases in sites not so sampled 

(Koh ler and Gross 1981 ). 

Despite the standardization imposed by the field manual, excavation 

forms, and the probability sampling program, research strategies inevit ­
• 

ably differ among sites to a certain extent . Differences arise in part 

from perce i ved research potential in relation to the Dolores 

Archaeological Program Genera l Research Design (Kane, Lipe et al. 1981), 

time available for investigation, weather, and accessibility by heavy 

equipment . Complete standardization is neither possible nor desirable. 

But how mu ch variabi lity is introduced by these fa ctors? Is it small 

compared with variability due to systemic factors, suggesting that it can 

be ignored? Or would failure to control for such factors invalidate 

across-collection comparisons? In the next two sections, variou s 

statist ical approaches to this problem are reported . 

-6-
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ANALYSIS OF COLLECTION BIAS BY SITES 

A preli min ary analysis of potential collection bias was carried out 

on 66 DA P collections in spring 1982 . Th ese collections were aggregated 

by site, and t he sites represented al l phases, functions, and sizes known 

to exist in the project area . Th ese 66 sites were examined in the field 

with varying de grees of thoroughnes s , from intensive excavation with con ­

siderable horizontal exposu re, to sampling using probabilistic techniques, 

to intensive surface co ll ect ion . The strategy in this first analys is w·a s 

to compare the proportions of proveniences collected in various manne rs 

with the numbers and weights of various kinds of materials recovered to 

explore for variat ion correlated with the collect ion strategies utilized. 

· Pearsonian correlation coefficient s were computed between the "shape" 

variables of t he provenience data and the "size" variables of the collec­

tion data. In this explorat ory analysi s, little attention was paid to 

ensuring that the assumptions of the product-moment correlation coeffi­

cient as a Best Linear Unbiased Estimator (Lewis-Beck 1980 :27) were met. 

Table 1 lists the variables describing the mate rials in the collections, 

which we re correlated with proveni ence and mo de of collection dat a. 

Resu lts are reported below if the associated (and perhaps occasi onally 

inappropria te ) significance test indicat ed that su ch resu lts could have 

been achieved less than 1 percent of the time by chance alone, if there 

were no linear relationship between the variables in questio n. 

Several significant correlations were found: 

-7 -
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1. As the proportion of proveniences in the collections representing 

modern ground surface increased, 

thick biface weight 

projectile point count 

hammerstone weight 

decreased across this sample of 66 sites. About 10 percent of the 

variation in the values of these variables can be accounted for in 

this fashion as measured by the Pearson product-moment correlation 

coefficient. Some of these effects may be explained by activities of 

modern collectors; the negative correlation between projectile point 

count and proportion of the total proveniences on the surface suggests 

projectile points were differentially collected from site surfaces 

before the DAP collections were made . 

Table 1. Summary of variables employed in the site analysis 

Ceramics 
Bowl sherds 
Jar sherds 

Flaked lithic tools 
Utilized flakes 
Cores 
Used cores/cobbles* 
Thick unifaces 
Thin unifaces 
Specialized formst 
Thick bifaces 
Thin bifaces 
Projectile points 

Nonflaked lithic tools 
Hammers tones 
Mano fragments, nfs 
One-hand man os 
Two-hand manos 
Metate fragments, nfs 
Trough metate s 
Slab metates 
Basin metate s 
Hafted items 
Ornaments 

Flaked lithic debitage 

* Includes items referred to as hamme rs to nes. 
t Includes forms referred to as spokeshaves, denticulates, burins, 
gravers, perforaters , dril ls, and flaked axes . 

NOTES: Both counts and weights were used for each variable. 
nfs - Not further specified . 

-8-
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2. As the proportion of screened proveniences increased, 

debi t age count and weight 

core weight 

thick uniface weigh t 

projectile point count and wei ght 

increased as well. Note that these represent the total weights for a 

site and not mea n weights per artifact type . Screening increases the 

amounts of almost all ma terials recovered, but it appea rs to do so 

disproportionately for these items. This is not surprising for items 

small in size such as debitage and projectile points, which may easily 

be missed in uns creened samples . Ten to 15 pe rcent of the vari ance in 

the amounts of these artifacts recovered is correlated with the pro-

portion of proveniences screened in this sample. 

3. Wh ere one chooses to excavate within a site is even more i mportant 

than how one choses to excavate . Thirty-six of the 44 counts and 

weights in table 1 increased significantly as the proportion of pro-

veni ences within structure fills increased. The only variables not 

significa ntly affected were 

thi n un iface weight and count 

mano fragme nt (nfs) we ight 

metate fragment (nfs) count 

sl ab metate count 

basin metate wei ght and count 

nonfla ked lithic orname nt weight . 

Structure fills often incl ude pri mary and seconda ry refuse rich in 

most arti fa cts. It seems unli kely, however , that high-input items 

-9-
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such as ornaments would be found in such situations. The small sample 

size for ornaments (count=l02), slab metates (count=49), and basin 

metates (count=5) may also explain, in part, the failure of these 

variables to follow this pattern. The materials are all more strongly 

associated with cultural surfaces than with structure fills (see the 

following discussion). Ten to 30 percent of the variation in counts 

and weight~ of those items not appearing on the preceeding list was 

associated with variation in the proportion of proveniences from 

structure fill. 

4. Many intersite and intrasite analyses of artifacts focus particularly 

on materia ls found in contact with a cultural surface, because their 

temporal and spatial relations may be more interpret able . In our 

sample, as the proportion of proveniences in contact with a cultural 

surface increased, 

jar weight 

bowl weight and count 

utilized flake weight and count 

used core/cobble tool weight and count 

thick uniface weight and count 

thick biface weight and count 

thin biface we ight 

project ile point weight and count 

hammerstone weight and count 

mano fragment (nfs) weight and count 

one-hand man o count 

two-hand mano weight and count 

-10-
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trough met ate weight 

hafted item weight and count 

ornament count 

all increased as well. Between 10 and 35 percent of the variance in 

these variables is associated with variance in the proport ion of 

proveniences originating on cultural surfaces. 

It is obvious that variability in how sites were excavated and where 

excavat ion took place with\n sites is correlated with, and probably res-

ponsi ble for significant variability in the collections obtained. We not e 

t hat this is true for materials from the DAP where there has been consid-

erable continuity of excavators and research design, and all excavatio n 

has been conducted according to the specifications in a single f iel d 

manual. It wou ld be. all the more true where there is an attempt to com­

pare materia ls obtained under less controlled conditions. 

This first an alysis suggests that si mply ignoring variabi lity due to 

collection techniques may promote spurious results for some, especially 

assemblage related, questions. However, there are several weaknesses in 

this preliminary analysis . The analysis is based on whol e sites, which 

are ra rely used as units for comparison in the DAP although they are 

common currency in ma ny other reports and analyses. The analysis used 

proport ions of proveniences collected in various mann ers as a proxy for 

proportions of mat erials actually recovered from those proveniences. The 

variables examin ed were simple counts an d weights rather than synthetic 

var iables which may be central to late r analyses. Finally, there was no 

at tempt to consi de r whethe r some of the relationships noted here between 

substantive variables and collection factors might be due in part to 

conpl ex relationship s among collection factors, various spat ial, temporal, 

-11-
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and functi onal distinctions , and substanti ve variables. For example, the 

perceived rel ationship between in creased counts and weights of debitage 

recovered under increasing screening coul d conceivab ly resu l t from an 

un recogniz ed t endency t o screen more proveniences in sites of types or 

ages havin g especially high de nsities of debitage . Si mply put, we had 

discovered co r rel ations but had not demonstrat ed causes . We set out to 

remedy as many of these weakn es ses as possib le in a second analysi s 

exami ning t he effect of co l lection var i abi li ty on se l ected variables and 

units that wou ld be i mportant in synthet ic work. 

- 12-
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ANALYSIS BY TEMPORAL-SPATIAL UNITS 

The vast majority of sites within the Dolores Valley were occupied 

betwee n A.D. 600 and 950 . Th ese sites represent what is commonly referred 

to as the Basketmake r III and Pueb lo I periods of northern Anasazi prehis ­

tory. Intensity of occupation in the valley was high during th ese pe r-

iods, and sites are often multicomponent, exhibiting either continuous or 

discontinuous sequences of occupat i on . For this reason , temporal and 

spatial subdivisions of sites have been defined for analytic purposes by 

the DAP . 

The basic temporal uni t is the "eleme nt , " which is defined to repre -

sent the materi al remains of a signifi ca nt and discrete occupation at a 

site. ~Significant" implies a cont inuous occupation for periods of per­

haps a month or more each year with repetition of this occupation pattern 

over several years. "Disc rete '' implies a to tal duration of use not exce­

eding the expected lifespan of a household as a cooperating unit , which we 

take to be about one generation. El ements are usually associated with 

architectural features and are defined to incl ude both seasonal and per -

mane nt habitations. The minima l spatial correlate of the element is one 

household, but an element may inc l ude the rema ins of multiple households 

if they are contemporary . Since the dating res olution for elements is 

often l ower than the generation imp l ied by the definition , elements are 

subdi visions of sites and do not crosscut sites. 

Materials are as signed to elements based on field observations an d 

inferences of stratig rap hic associat ions . Assignment s are qualified by 

estimates of the integr ity of the mate rials and by the confidence in the 

associations. Collections vary in the amoun t of suspected contamination 

-13-
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or mixing of mate rials from various el ement s, and the strength of the 

inferred associati on of particular material s with a particular element can 

be assessed. A coll ection associated with an element with high confidence 

and integrity is assumed to represent the unequivocal and uncontaminated 

materia l remains of a significant and discrete occupati on. 

Elements wi thin sites usually can be compared with each other using 

temporal relationships based on stratigraphy, but comparisons between 

elements from differe nt sites must rely on date estimates for each ele -

ment. Tree-ring dated elements are u~common ; therefore most date esti -

mates are based on tree-ring calibrated patterns of ceramic change. 

Ceramic dating resolution is only adequate for the definition of relative-

ly broad time periods, and these pe ri ods are used to group elements for 

the following analyse s (table 2). 

In this second ana lysis we focused on the different and somewhat 

smaller set of variables in tab le 3, which we anticipated using in later 

synthetic work. Each vari able in tables 3 and 4 was broken down by per-

iod, site type, and a spatia l variable that divided the elements in the 

analysis into five geog ra phic group s (localities). Collection vari ables 

were computed separately for each ma jor mater ial catego~ (major headings 

in table 3) resulting in variables such as proport ion of ceramics col-

lected from surface structures , proportion of deb itage collected from 

pitstructures, and so forth . Each of the substant ive variables (t able 3) 

was further examined fo r correlation with the collection variables in 

tab le 4. Correlations between substantive and collection variables were 

mea sured with Kendall's Tau-b (Blalock 1979:436-439), an ordinal correl a-

tion coefficient chosen after an initial univariate screening showed many 

nonnormal distributions with positive skew for whi ch it wa s not possible 
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Site No . Excavator Season Element Type Location 

I EARLY PERIODS 

Period 1 (A . D. 600-725) 
5tH2162 Greenwald 1979 2 Ha S Sagehen 

I 5MT2198 Hewitt 1979 1 Ha S Sagehen 5MT2848 Greenwald 197 9 1 Ha S Sagehen 
5tH2858 Mont~omery 1979 2 Ha N Sagehen 5MT4545 B ri s in 1979 2 Ha S Sagehen 

I 
5MT461 3 Nelson 1981 1 Ha Dolores 5MT4684 Tucker 1980 1 Ha S Sagehen 
5MT4684 Tucker 1980 2 Ha S Sagehen 

Peri od 2 (A.D. 725-800) 
5MT2193 Emerson & 1978 & 1 Ha s Sagehen I Brisbin 1979 
5MT2193 Erne rson & 1978 & 2 Ha s Sagehen 

Brisbin 1979 

I 
5MT2848 Greenwald 1979 2 Ha s Sagehen 5tH2853 Greenwald 1979 Ha s Sagehen 5MT2854 Kuckelman 1~80 2 Ha N Sagehen 5tH4614 Ya rnell 1979 2 Ha s Sagehen 
5MT4640 Hewitt 1979 1 Ha N Sagehen 

I 5MT4644 Brisbin 1979 & 1 Ha N Sage hen 
1980 

5MT4644 Brisbin 1979 & 2 Ha N Sagehen 
1980 

I Period 3 (A.D. 800-840) 
5MT21 61 Sebastian & 1979 & 1 Se Grass Mesa 

Hoga n 1980 
5MT2192 Yarnell 1978 1 Ha S Sagehen le 5MT21 94 Brown 197 9 1 Ha S Sagehen 
5~1T45 12 \n l shu sen 1979 1 Se S Sagehen 5MT4644 B ri s bin 1979 & 3 Ha N Sagehen 

1980 

I 5MT46 71 Wil shusen 1979 2 Ha N Periman 5MT4671 Ya rnell 1979 1 Ha N Peri man 
LATE PERIODS 

I Period 4 (A.D. 840- 880) 
5MT2161 Sebast ian & 1979 & 2 Ha Grass ~1esa 

Hogan 1980 
51H21 91 Hew1tt 1978 1 Se S Sagehen 

I 5MT44 79 Kleidon 1980 1 Ha S Sagehen 5MT4650 Gross 1980 1 Ha Grass Mesa 5tH51 06 N. Mo rris 1981 1 Ha S Sagehen 

I 
Period 5 (A.D. 880-910) 

5MT2205 Kleidon 1979 1 Ha s Sagehen 
Period 7 (A.D. 950 +) 

5MT2241 M. Mor ris 1981 1 Ha s Sage hen 

I NOTE : Ha - Habitation . 
Se - Season al site . s - South. 

I 
N - North . 

I 
le 
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Tabl e 3. Substantive variables used in the analysis by element 

Ceramics 
PSM > 4* 
Dolores Tractt 
11 Late 11 types§ 
Modified i terns 
Jars 

Flaked lit hic tools 
Mean weight 
Nonlocal mate rials 
Utilized flakes 
Projectile points 
Complete or nearly complete 
Well-sh ap ed or stylized 

Nonflaked lit hic tools 
Mean weight 
Comp lete or nearly complete 
Hafted i t ems 
Orname nts 
Metates (all subtypes) 
Manos (all subtypes) 
Hammers tones 
Well shaped or sty li zed 
Resurfaced with light vertical force** 
Resurfaced with medium vertical force** 
Resurfaced with heavy vertical force** 

Flaked lithi c debitage 
Mean weight 
Cortextt 

* PSM (production step me asure) is a relative index of labor invested into 
ceramic manufact ure (Feinma n et al. 1981; Blinma n and Wilson 1982) . 
t Potsherds that are not demonstrab ly nonloc al on the basis of tempe r. 
§Mancos Gray, Co rtez Black-on-white, Deadman•s Black-on-red, slipped 
white wares, any ceramics with sherd t emper, and any corrugated ceramics 
are considered to be late. 
**Wear that is distinguishable as resulting from maintenance, or from 
mai ntaina nce in add ition to production or use. 
tt Proport i on of flakes having any cortex on dorsal surface . 

NOTE : Each variable - except mean weight - is the proportion of the 
frequency of that variab le to the total count for its category. For 
example , the category 11 v1e ll shaped or styli ze d11 flaked lithic tools is th e 
proportio n of the flaked lithic tools so formed to all flaked lithic 
tools , f or each element. 
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to find an acceptab ly normal reexpression. Wh ereas the first analysis had 

correlated provenience "shape" variables with collection "sizes," the 

correlations i n this analysis are between shape variables. 

Table 4. Collection variables used in the analysis by element 

Sites Elements 
x s cv x s cv 

Study unit type 
Surface st ruct ures . 095 .118 125 .134 .226 168 
Pitstructures .183 .206 112 .341 .366 107 
Nonst ru ctures* .056 .109 194 .094 .202 216 
Mode rn ground surface . 102 .147 143 .038 .094 249 

Refuse type 
De facto refuse .116 .167 144 .224 .305 136 
Use association .016 .056 351 .039 .152 391 

Mode of collection 
Scree ned . 045 .118 260 . 224 .311 139 
Trowel ed .084 .158 187 .321 .352 110 

* Outside use area s such as middens, courtyards, plazas, and ramadas. 

NOTES: The Qe an (X), standa rd deviation (s), and the coefficient of 
variation (CV) are compared for the whole site data and the element data . 
For the data set organized by site, the proportions are the proportions of 
all proveniences collected. For the eleme nts, the proporti6ns given were 
calculated for ceramics, but illustrate those for othe r material classes 
as well . 

s CV =~X 100, 
r: 

Table 4 also summarizes the differences in variability between the 

"whole site" data set and the data set composed of mater ials from proven-

iences assi gna ble with high confidence and integrity to an element . 

Although the va riability in some collection-related vari ab les is lov1e r in 

the element da ta, it is hig her in others. There is no clear superiority 

of element ove r site data in minimizing variability on these collection 
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variables. There is a clear trend towards a higher proportion of mater-

ials from more interpretable proveniences and more intensive collection 

techniques in the element data . 

This analysis - summarized in tables 5, 6, and 7 - shows that several 

of the collection and substantive variables have a significant relation­

ship with time (as measured either by the 5 periods or by a dichotomiza­

tion of the sequence into early and late); space (as measu red either by 

the 5 spatial groups or by an upstream/downstream division); and function 

(either habitation or seasonal). 

Table 5 lists sign i ficant re l ationships between the substantive vari-

ables from table 3 and these selected temporal, spatial, and functional 

divisions . Table 6 presents similar information for the collectio n 

variables from table 4 having a nonrandom distribution with these same 

temporal, functiona l , and spatial divisions . Ordinal-level correlation 

coefficients between substantive variables i n table 3 and collection 

variables in table 4 that have a significant relationship are shown in 

table 7. 

Such sign i ficant tempora l, spat ial, and functiona l relationships with 

substantive variables might be of interest, or might be confounding vari-

ables , depending on the research quest ion . To examine change through time 

in the proportion of hafted tool s i n the assemblage the strong spatial 

variability in proportions of hafted tool s (table 5) is a confounding 

variable . If a dependent variab l e of interest has a significant relation-

ship with a confounding variable, then this relationship must be control-

led for in some mann er . 

As an example of wh at these tables indicate and how they may be used, 

we might be interested in the proposition that the degree of craft 
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Table 5. Relationships between ma jor temporal, spatial, and 
functional classes and the substantive variables from table 3 

=========================================================================== 

Ceramics 
PSM > 4 
"Late11 types 
Modified items 
Jars 

Flaked lithic tools 
Mean weight 
Ut il i zed flakes 

Nonf laked lith i c tools 
Hafted items 

Per i od 

.03 

. 04 

. 06 

vJe 11 shaped or sty l i zed .04 
Resurfaced with light 
vertical force 

Resurfaced with medium 
vertical force 

Resurfaced with heavy 
vertical force .06 

Ea rly I 
1 ate 

.00 

.02 

.06 

.09 

.04 

.04 

. 02 

.1 0 

.01 

Local ­
i ties 

.08 

.06 

.03 

Upstream/ 
downstream 

.06 

.04 

. 01 

.02 

. 08 

.0 2 

Habitation/ 
seasonal 

.03 

.08 

NOTES: Entries appear in the matrix fo r row variables having a signifi­
cant relationship with column variables at the . 1 alpha level or less . 
The entries in the matr i x are the probabilities that such a relationship 
could have been achieved by chance alone in a sample drawn by independent 
randon samplin g from a populatio n in which no such relationship existed . 

The test statistic is a Ch i-square app roximation of the Kruskal-Wallis 
one-way nonparamet r i c analysis of varian ce . 

Sample size for most comparisons i s 30, with the element data for Modeling 
Period 7 excluded . 

PSM - Production step measure . 
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Table 6. Relationships between temporal, spatial, and 
functional classes and the collection variables from table 4 

=========================================================================== 

Study unit type 
Surface structures 
Pi t structures 
Nonst ructu res 

Refuse type 
De facto refuse 

Mo de of collection 
Screened 

Modeling 
period 

.10 

.02 

Early I 
late 

.02 

.07 

.04 

.00 

Local­
ities 

.02 

Upstream/ 
downstream 

.00 

NOTES : Sample size and test statistic are as in table 5. 

Habitation/ 
seasonal 

.05 

Collection vari ab l es were computed for t he four major material classes . 
Those shown re prese nt the proportions of ceramics recovered . They are 
generally rep resent ative of the results for fla ked lithic tools, debitage, 
and nonfla ked lithic tools as well . 
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Table 7. Correlations betwe en collection 
variables and substantive variable s 

=========================================================================== 
Surstr Pitstr Nonstr mgs De Use Screen Trowel 

facto as soc 

Ceramics 
PSM > 4 .25 .27 .31 
Dolores Tract - .28 
"Late" types .35 .33 
Modified items -.30 .32 
Jars -.28 -.35 

Flaked lithic tools 
Mean we ight . 28 .34 
Utilized flakes -.29 
Proj ectile points -.24 
Complete or nearly .25 

Nonf la ked lithic too ls 
Mean we ight .24 -.32 
Complete or nea rly -.46 .24 .29 
Hafted items .41 
Ornament s . .29 
Hammers tones 0 27 .32 
Hell shaped .25 .31 .26 
Resurfaced/ LVF -.24 
Resurfaced/MVF .42 .27 
Resurfaced/HVF .45 • 0 32 .42 

Debitage 
Mean wei ght .24 -.26 0 36 -.26 -.30 
Cortex .25 

NOTE S: Values shown are Kendall Tau-b coeffici ents. Only correlations 
sign ifi cant at an alpha level of .1 or highe r are shown . 

More information on the substantive varia bles can be found in table 3. 

Pitst r - Pitstructure. 
Surstr - Surface structure. 
Nonstr- Nonstructural. 
mg s - Modern ground surface. 
assoc -Association . 
PSM - Production step meas ure. 
LVF - Light vertic al force . 
MVF - Medium vertical fo rce. 
HVF - Hea vy vertical f orce. 
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specialization in the manu facture of decorated ceramics increased through 

time during the occupation of the river valley. Perhaps we wish to exam­

ine the proportion of ceramics with a PSM (production step measure) of 

four or mo re as one implication of this hypothesis . (Although we are 

examining only one variable, this is an assemblage level question since it 

deals with the relative frequency of one set of ceramics in the collection 

in relation to the entire sample of ceramics.) Table 5 shows that, 

indeed, a nonparametric one-way analysi s of variance is able to reject the 

null hypothesis of no difference in this proportion among periods 

(alpha = .03) and between the early and late divisions (alpha = .00) . Are 

there any confounding variables that must be considered? The correlation 

analysis using Kenda ll's Tau-b (table 7) reveals that this proportion is 

significantly correlated with the proportion of ceramics representing de 

facto refuse (alpha = .02) and the proport ion of ceramics from nonstruc­

tures (alpha= .06) and surface structures (alpha = .10). Is this in 

itself a matte r for concern? 

Table 6 shows that each of these three potential confounding vari-

ables changes significantly through time as does the variable of inter-

est . Then , is the change in PSM through time due to systemic changes in 

ceramic ma nufacturing as specified by our research hypothesis? If PSM is 

higher late in time because it is ahvays higher in surface structures, 

nonstructures, and de facto refuse, and because there are relatively 

greater amounts of de facto refuse , nonstructures, and surface structures 

in eleme nts dating to late periods, then these are not confounding ind-

ependent factors but mere ly intermediate carriers of the effect of change 

in time on the PSM. (Certain ly we suspect this is true of surface struc­

tures dur ing this period of pithouse-to-pueblo transition.) If, on the 
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other hand , the i n rease in PSM is me rely due to sampling effects resu lt-

ing from collectino a higher proportion of de facto refuse or from con-

ducting more nonst uctural excavation in elements that happen to be late, 

then these are confoun ding vari ab les that may cause us to mistake a 

sampling effect for a real change through time. 

Two options are ava il able in pursuing this last question . It might 

be possible to eli mi nate from consideration elements that were not rela-

tively homogeneous on proportions of mate rials from nonstructural excava-

tion and from de facto refuse. In this case, howeve r, such elimination 

would severely reduce the already small samp le size. More realistically, 

changing values of the confounding variables may be controlled statisti-

cally to determine wh ether change through time still has a significant 

relationshi p with PSM whe n var iability due to the confounding variab l es is 

he ld constant. Th ese approaches are being consi der ed in a separate pape r 

(Kohler et al . 1983) . Further analysis along the lines of this exampl e 

suggests that chan ge in PSM is best explained by a model incorporating 

time and the proportions of nonstructural mate rials as independent vari­

ables . However, when the differential effect of nonstructural mate rials 

is control l ed for, the re still remains a significant relationship between 

time and PSM . 
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DISCUSSION AND CONCLUSIONS 

Despite efforts to standardize the recovery of data in the field and 

to furthe r se lect highly interpretable tempo ral-spatial subsets of sites, 

not all intercoll ection variability that results from sampling effects, 

broadly defined, can be eliminated. Users of these data--and certainly 

all othe r archaeological data as we ll --should remember three guidelines in 

hypothesis testing: 

1. Whe n possible, use variables that appea r to be relatively unaffected 
j 

by coll ection effect s. This incl udes variables shown in table 3 

that do not appea r in tabl e 7, such as flaked lithic tools of non­

local materials or we ll- shaped, stylized tools. Even such apparently 

11 Safe 11 variables may , however , have confounding relationships with 

systemic phenomena not spec i fied in the research hypothesis . 

2. Whe n variables that are sensitive to collection or systemic confound-

ing effects mu st be used, select cases that are as homoge neous as 

possible on the confounding variables to mini mize interference. In 

the example developed in the previous section, it is clear that if we 

wished to use PSM to discover 11 non egalitarian sociopolitical 

structures .. as done by Upham et al. (1981) then we wou ld not be able 

to pool our early and late periods in the analysis, and , ideally, 

periods wou ld be analyzed separately . 

3. Whe n neither of the first two guidelines is practica l, it may be 

possible to statistically control for the confounding vari ables. 

Possible techniques for this include part ial corre lat ion analysis, 

ana lysis of covariance, or mu ltivariate categor ical analyses, 

depending on the character istics of the data under consideration . 
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We have presented more data here than we have discussed . The purp ose 

of this paper is to alert DAP workers to variables that are especially 

subject to vagaries of co l lect i on techniques and variability across tern-

poral, spatial , and functional boundaries . In sofll2 variables and units of 

analysis examined , as much as 35 pe rcent of the variation seems to be due 

to collection techniques or related confounding factors rather than to 

systemic variability. Other variables appear to be relatively immune to 

such effect s. Some aspects of the information presented , which cannot be 

further discussed here , are re l evant to an understanding of site formation 

processes , or to substantive s t udies of geographic , tempora l, and func ­

tiona l variabi l ity withi n the DAP. 

He believe that this study points up the necessity for arch aeologists 

to be suspicious of their data and cautiou s in its use . He urge others to 

do what we have done here for their own data , or to go beyond this analy-

sis, as we are trying to do , with more rigorous approaches to explaining 

variabilty, such as path anal ys is and othe r variants of causal analysis. 
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