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ABSTRACT 

 The k-means clustering procedure is a statistical method used to derive patterns of spatial 

clustering.  This method is applied here to discern distributional patterns in lithic artifacts 

recovered from two sites in northwest Kansas in an attempt to assess site integrity and delineate 

areas of prehistoric activity.  The results of the k-means cluster analysis are compared against 

spatial data observed and collected for refitting and conjoining lithic artifacts.  The spatial 

distribution of refitted artifacts will serve to test the validity of statistically derived spatial 

patterns. 
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CHAPTER ONE 

GENERAL BACKGROUND 

Introduction 

 A hallmark of archaeological research is the interpretation of material remains.  While 

early archaeological research sought to merely describe and catalog material remnants of past 

cultures, more recent research has attempted to explain how these materials arrived and were 

preserved in the archaeological record.  To these ends, archaeological theory has adapted a 

number of methods and techniques to help explain how sites are formed and identify those 

factors that affect materials after their deposition. 

The proliferation of modern computing technology is a watershed event in scientific 

research.  Because of computers, scientists today are more capable than ever in their ability to 

work with increasingly larger sets of data efficiently.  The influx of sophisticated computing in 

archaeological research is no exception, as evidenced by the incorporation of statistical analyses 

into archaeological research methods. 

This thesis will employ and test the validity of one such statistical method routinely used 

in archaeological research to describe and explain patterns of artifact distributions.  The k-means 

cluster analysis approach has been employed to recognize spatial patterns of artifact 

distributions, helping the archaeologist discern how artifacts fit within these clustered patterns.  

These statistically derived clusters serve as a basis for indentifying activity areas.  The results of 

the k-means analysis will be tested using provenience data of refitted and conjoined artifacts. 

Before undertaking the spatial analysis of the materials recovered from 14SD103 and 

14TO306, it is necessary to frame the context of such analyses in the historical tradition of 

anthropology.  As techniques of spatial analysis incorporate statistical methods, first is a brief 
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examination of the role and development of statistics in anthropology and archaeology.  

Following this is an overview of the history and use of spatial analysis archaeological research. 

History of Statistical Methods in Archaeology 

The widespread use of statistical methods in archaeological research is a fairly recent 

development that encompasses a variety of applications.  Although basic quantification in 

anthropology began in the 19th century, advanced statistical methods did not make their 

appearance until much later.  The incorporation of statistics in archaeology can be construed as 

an extension of the increasing reliance of quantitative methods in anthropology in general.  

Characterizing anthropology as composed of the four subfields of socio-cultural anthropology, 

physical anthropology, archaeology, and linguistics allows for an examination of how the 

increasing quantification in anthropology has occurred throughout time. 

Before addressing the history of statistical procedures in anthropological research, it is 

necessary to briefly examine the origins of statistical thought in general.  Statistics can trace its 

origins to the arrival of the modern state in the 17th century.  Derived from the Latin term, 

statisticum collegium, meaning “council of the state,” national governments needed to collect 

economic and demographic information about their constituent populations in order to provide 

the basis for policy decisions.  Throughout the 18th century statistical analysis expanded to 

encompass the general collection and analysis of numerical data with the development of 

probability theory.  The end of the 18th century through the turn of the 19th century witnessed the 

development and refinement of statistical methods (Stigler 1990). 

 The advent of statistical methods in anthropology occurs in physical anthropology in the 

mid 19th century.  One of, if not the earliest application of statistical methods in anthropology 

appears in 1839 in Samuel George Morton’s Crania Americana.  Morton analyzed 

2 
 



measurements of a large number of crania from North and South America.  While the racial 

undercurrents of his work seem antiquated by contemporary standards, the statistical analysis of 

skeletal materials, specifically crania, remains an integral method in modern physical 

anthropology. 

Statistical methods did not appear in another field of anthropology, in this case, socio-

cultural anthropology, until decades later.  Fifty years after Morton’s statistical analysis of 

crania, quantitative methods make their appearance in the analysis of ethnographic data.  E. B. 

Tylor’s 1889 paper, “On a Method of Investigating the Development of Institutions” employs 

statistical methods to analyze social traits in an attempt to discern the sequence of cultural 

evolution.  Tylor examines correlations between customs and institutions among different 

cultures in an attempt to quantify the comparative method.  As with Morton’s work 50 years 

earlier, contemporary researchers have levied claims of implicit racism within Tylor’s analysis; 

nevertheless, Tylor’s work represents an important early example of the incorporation of 

statistical methods in anthropological research.  

Nearly 30 years later, statistical methods make their appearance in archaeological 

research.  A number of researchers working in the Southwestern United States incorporated 

statistical methods in the development of chronological models for the prehistoric cultures of that 

area, based primary on recovered ceramic artifacts.  Leslie Spier’s “An Outline for a Chronology 

of Zuñi Ruins” (1917) presents a chronological sequencing of prehistoric materials based on the 

statistical analysis of unstratified data.  Whereas chronological seriation is not altogether a novel 

undertaking during this time period, other researchers contemporary with Spier did not make use 

of statistical methods to derive their seriations.  Nelson (1916) used the stratigraphy of refuse 

heaps to develop chronological seriation.   Kidder (1915) developed a four-ware ceramic 
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typology based on technique and design.  Kroeber’s classification (1916) relies on ceramic 

artifacts recovered from surface scatters.  While Nelson, Kidder, and Kroeber use numerical data 

in their analyses, ultimately their typologies are based on the more subjective analysis of 

descriptive artifact traits. 

Thomas’s (1976:2-5) comparative review of anthropological literature from 1900 to 1970 

assesses the role of statistics among the four anthropological subfields.  Thomas’s  review 

indicates that statistical methods are employed most frequently in physical anthropology; 

however, an increase in quantitative methods is evident throughout all anthropological subfields, 

specifically in socio-cultural anthropology and prehistoric archaeology after the conclusion of 

World War II (Thomas 1976:4-5).  

 A similar review was conducted by Clark (1982:223-230), exclusively focusing on the 

prevalence of statistical methods in archaeology, evidenced from American Antiquity, from 1935 

to 1980.  Clark differentiates among three different types of quantitative methods:  simple 

quantification, basic statistics, and advanced statistics, and he also identifies five trends of 

quantification from 1935 to 1980.  Clark notes simple quantification is present from the journal’s 

inception in 1935 (1982:224).  During the 1940s, Clark identifies a trend of entirely quantitative 

papers outlining monothetic systems for describing artifacts employing discrete data categories 

(1982:224).  With the advent of radiocarbon dating methods, the incidence of basic statistical 

methods increased from 1950 to 1952 in the specific context of discussions of radiocarbon dating 

(Clark 1982:224).  An increasing sophistication of statistical methods developed from 1950 to 

1955, resulting both from an outgrowth of the Ford-Spaulding debate over artifact typology and 

the increasing use of similarity coefficients used in chronological ordering (Clark 1982:224).  

Following 1970, quantitative methods in archaeology experienced a rapid increase (Clark 
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1982:224-226).  Clark attributes this increase to two factors:  “the post-World War II 

quantification of research in general” and “the widespread availability of third-generation 

electronic computers…which stimulated quantified approaches to multivariate 

procedures…which made sophisticated multivariate procedures a viable option to many 

researchers for the first time” (1982:229). 

 During the 1970s, an increased emphasis on regional settlement patterns resulted in the 

application of quantitative methods alongside the adaptation and development of geographical 

and economic models used to describe and explain the spatial distributions of archaeological 

materials (Clark 1982:229).  Processual modes of archaeological research also further refined the 

scope and methods of settlement studies, with the development of the settlement system concept 

that seeks to systematically quantify spatial patterns of prehistoric behavior (Parsons 1972:132).  

Archaeological research has not only experienced an increase in quantitative methods throughout 

time, but the scope of these methods has also expanded in their attempt to address very different 

sorts of problems and questions. 

History of Spatial Analysis in Archaeology 

 Unlike statistical applications in archaeological research, concern with space has a 

longstanding, albeit varied tradition in archaeology.  Spatial studies have addressed a large body 

of topics, including, “settlement archaeology, site systems analyses, regional studies, territorial 

analyses, locational analyses, catchment area studies, distribution mapping, density studies, 

within-site and within-structure analyses, or even stratigraphic studies” (Clarke 1977:1).  Not 

only do spatial studies in archaeology vary in thematic context, they are also conditioned by the 

particular scientific milieu from which they were formed, often along national lines. 
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While archaeological research in the New World was influenced by the anthropological 

study of Native American cultures, archaeology in Europe had no such extant prehistoric cultures 

to study.  Given that archaeology in the Old World was influenced more by geology and 

geography in comparison to the New World, it is not surprising that European archaeologists 

developed considerations of space early on.  From 1880 to 1900, early German and Austrian 

researchers, including Gradmann (1898), Ratzel (1896), and Frobenius (1898) formalized the 

technique of mapping artifact and cultural attribute distributions, allowing researchers to 

compare and contrast prehistoric settlement patterns across geographic and environmental 

variables (Clarke 1977:2).  In Britain a similar historical tradition developed as did on the 

Continent, embodied by the works of Williams-Freeman (1881), Guest (1883), Crawford (1912) 

and Fleure (1921).  These researchers echoed their Austro-German counterparts, emphasizing the 

role of ancient landscape and geography on prehistoric settlement patterns (Clarke 1977:2). 

 Unlike early European researchers, early American considerations of spatial patterning 

often emphasized social organization over the distribution of material artifacts (Clark 1973:3).  

Early American examples of spatial thinking are embodied in the works of Morgan (1881) and 

Mindeleff (1900).  Morgan’s analysis revealed how Native American society and culture is 

reflected in the spatial configurations of their dwellings.  Mindeleff examined clan structure of 

cliff-dwelling populations as reflected by settlement pattern and site use.  Parsons (1972) 

contends that the ethnographic work of Morgan and Mindeleff influenced Steward’s (1937, 

1938) pioneering archaeological research on Southwest Native American regional settlement 

patterns.  Drawing from the influence of Steward, numerous large-scale regional studies of 

settlement patterns were launched in the 1940s and 1950s, starting with Phillips et al. (1951) 

lower Mississippi Valley research and Willey’s (1953) study of Peru’s Virú Valley.     
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 The 1960s and 1970s witnessed a juxtaposition of advanced quantitative considerations 

with spatial analysis with the advent and development of processual methods in archaeology.  

During this time, rigorous systematic research sought to explain spatial patterns quantitatively on 

a variety of scales from individual structures to regional distributions. 

 Paralleling the increased prevalence and sophistication of quantitative, statistical methods 

in archaeological research, spatial analysis became invigorated by the incorporation of advanced 

statistical models beginning in the 1970s.  While a large number of statistical procedures have 

been implemented in archaeological spatial analyses, the k-means procedure was and remains a 

widely adopted method for analyzing and interpreting patterns of archaeological remains. 
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CHAPTER TWO 

MATERIALS AND METHODS 

Archaeological Materials 

The archaeological materials used in this analysis were recovered from 14SD103 and 

14TO306, located near the Saline River in northwest Kansas (Figure 1).  Excavations at 

14SD103 and 14TO306 were conducted from September 2006 to January 2009 in partial 

fulfillment of compliance with Section 106 of the National Historic Preservation Act of 1966 

prior to the construction of the OPP.  The 1,223 km (760 mi.) pipeline originates in Opal, 

Wyoming and carries natural gas to its terminus near Conway, Kansas.  The pipeline traverses 23 

counties across three states, and enters Kansas in the northwest corner.  The data used in this 

thesis were collected during site evaluation and data recovery efforts at these sites before the 

imminent impact of pipeline construction. 

 The assemblages of both sites are dominated Smoky Hill silicified chalk (SHSC), and 

known quarries and procurement areas for SHSC, including 14TO306, have been discovered 

within the vicinity of these sites (Figure 2).  SHSC is an important prehistoric lithic commodity, 

present in assemblages from Paleoindian times to the Late Ceramic period and is found at 

archaeological sites throughout the Central and Southern Plains (Stein 2005).  Site 14TO306 was 

originally assigned to the Late Prehistoric Upper Republican culture based on the typology of 

projectile points recovered from neighboring sites in the Walsh Archaeological National Register 

District (Stein 1984); however, no temporally diagnostic artifacts were recovered from 

14TO306, and its association with the Upper Republican culture is not certain (McLean et al. 

2009).  Site 14SD103 dates to the Middle Archaic, based on the recovery of a diagnostic dart 

point indicative of that time period (Figure 3).  
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Figure 1. Location of 14SD103 and 14T0306. 
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Figure 2. Location of known SHSC lithic procurement sites. 
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Figure 3. Middle Archaic dart point base.   
Illustration by Dawn Munger. 

An electronic total station (ETS) was 

used to collect precise, high-definition, 

three-dimensional proveniences for all 

piece-plotted artifacts with horizontal and 

vertical precisions within a tolerance of .05 

cm.  Submeter-accurate Global Positioning 

System (GPS) units were also used to collect various reference points to ensure and expedite 

integration into GIS software on various scales. 

Data recovery efforts at 14SD103 consisted of the excavation of seventeen 2-x-2-m 

excavation units (XU), along with one 2-x-1-m profile unit (PU) (Figure 4).  Each 2-x-2-m XU 

and the 2-x-1-m PU were divided into 1-x-1-m quadrants and halves, respectively, in order to 

maintain a higher degree of horizontal precision, especially for non-piece-plotted artifacts 

recovered from screening. 

During the Phase IV data recovery efforts at 14TO306, a total of eighteen 2-x-2-m XUs, 

four 2-x-1-m XUs, and three 2-x-1-m PUs were excavated, in addition to 153 shovel tests 

(Figure 5).  XUs and PUs at 14TO306 were further divided into 1-x-1-m quadrants or halves for 

more precise horizontal control. 

Site 14SD103 was originally recorded in 2006 during a Phase II intensive cultural 

resources survey conducted by RCGA for OPP (McLean et al. 2006).  Initially, the site was 

described as a low surface density lithic scatter with intact surface deposits.  14SD103 is located 

on a loess-mantled upland within undisturbed native sod (McLean et al. 2006:24-25).  Based on 

the potential for intact subsurface deposits, 14SD103 was recommended for additional work, and 

later in 2006, a Phase III site evaluation was conducted.  The Phase III site evaluation at  
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Figure 4. Plan of data recovery excavations at 14SD103. 
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Figure 5. Plan of data recovery excavations at 14TO306.
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14SD103 consisted of the excavation of three 1-x-1-m test units (TUs) and one 30-m-x-90-m 

magnetic field gradient survey, conducted to assess the potential for intact subsurface deposits 

(McLean et al. 2009).  Evidence obtained during the Phase III site evaluation conducted at 

14SD103 indicated “the potential to address research questions related to the internal site layout 

and function of an intact upland prehistoric flintknapping workshop at the Smoky Hill silicified 

chalk source area in the Saline River Valley” (McLean et al. 2009:283). 

Site 14TO306 was originally recorded as a rock outcrop by Stein in 1977 as part of a 

National Register of Historic Places (NRHP) survey (Stein 1984).  Stein revisited the site in 1978  

and 1984, and based on the perceived intact nature of the archaeological deposits as revealed 

through subsurface testing and the presence of diagnostic Upper Republican artifacts, 14TO306 

was nominated and placed on the NRHP as a contributing component of the Walsh 

Archeological District, along with sites 14TO304 and 14TO305 (Stein 1984) (Figure 6).  After 

Stein’s 1984 work 14TO306 was revisited twice more prior to work conducted by RCGA.  Both 

visits were conducted under the auspices of the Kansas Archeology Training Program (KATP).  

The first of these occurred in 1997, as the KATP conducted pedestrian survey (Stein 1997).  The 

second visit occurred in 2002 as a part of the KATP field school (Stein 2002).  Stein (2005) 

incorporated data from the latter survey for delineating source locations of SHSC. 

Prior to data recovery efforts, RCGA visited 14TO306 during Phase II intensive survey in 

2006 (McLean et al. 2006).  The initial Phase II investigations include surface collection and the 

excavation of five shovel tests. Only one of these shovel tests was positive for cultural material.  

Given the site’s contribution to the Walsh Archeological National Register District, a reroute 

survey was conducted as a part of the Phase II investigations.  A total of 56 shovel tests were 

excavated, 19 of which were positive for cultural material.  This additional Phase II work  
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Figure 6. Location of 14TO304, 14TO305, 14TO306, and Walsh Archeological District.
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resulted in extending the site boundary approximately 300 m to the south-southwest and 

demonstrated the unfeasibility of rerouting the proposed pipeline construction to avoid the site 

area.  RCGA recommended geophysical survey and data recovery efforts prior to pipeline 

construction (McLean et al. 2006:36-37).  In 2006, one 30-x-150-m magnetic field gradient 

survey was conducted to assess the potential for intact subsurface features.  This geophysical 

survey confirmed the possibility of intact subsurface deposits and reinforced the need to conduct 

Phase IV data recovery at 14TO306 (McLean et al. 209:563-565). 

The artifact assemblages from 14SD103 and 14TO306 are dominated by SHSC lithic 

materials.  At 14SD103, a total of 29,434 specimens were recovered.  A total of 28,708 artifacts 

(97.5%) are composed of SHSC, of which 28,531 are classified at chipped stone debitage or 

tools.  Table 1 provides a general summary of the materials recovered from 14SD103. 

A total of 10,679 individual artifacts were recovered from 14TO306, of which 10,188 

(95.4 %) are composed of SHSC.  Of the 10,188 SHSC artifacts, 10,167 are identified as chipped 

stone debitage or tools.  Table 2 provides a general summary of artifacts recovered from 

14TO306. 

TABLE 1 

SUMMARY OF ARTIFACTS RECOVERED FROM 14SD103 

Artifact Type Artifact Count Artifact Weight (g) 
Chipped Stone 28,623 38,818.2 

Bone 117 7.6 
Chipped Stone Ecofact 121 113.3 

Fire-cracked Rock 19 282.4 
Historic 3 2.9 

Other Stone 551 1,052.8 
TOTAL 29,434 40,277.2 
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TABLE 2 

SUMMARY OF ARTIFACTS RECOVERED FROM 14TO306 

Artifact Type Artifact Count Artifact Weight (g) 
Chipped Stone 10,167 13,209.7 

Bone 117 114.6 
Modern Flora 2 -- 

Chipped Stone Ecofact 37 200.9 
Modern Metal 18 204.9 

Pottery 1 1.0 
Other Stone 337 1,165.0 

TOTAL 10,679 14,896.1 
 

Lithic Analysis Methods 

 All recovered lithic materials from 14SD103 and 14TO306 were coded based on certain 

attributes.  In addition to chipped stone artifacts, all artifacts manufactured from stone are 

considered in the lithic analysis, including worked stone modified by pecking or grinding, and 

unworked stone, especially thermally fractured (i.e. fire-cracked) rock.  The documentation of 

chipped stone artifacts includes determination of lithic material type, quality, cortex type, weight, 

thermal alteration, surface alteration, and evidence of cultural or post-depositional modification.  

Minimum nodule analysis was employed for chipped stone artifacts larger than 3/4 –inch (1.905 

cm) to aid in the identification of refitting or conjoined artifacts present in the assemblages and 

to help provide insights into the format individual lithic nodules entered the site and how these 

objects were reduced to form tools and their waste byproducts (RCGA 2007).  Potential refits are 

identified among artifacts assigned to minimum analytical nodules (MAN).  A MAN consists of 

specimens that share intra-raw material similarities (Larson and Kornfeld 1997:4).  The variables 

examined for similarity include raw material color, inclusions, banding patterns, patina, and 

cortex, and thermal alteration.  Similar lithic materials grouped together by MANs were 

examined manually for their ability to refit or conjoin to one another.  
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 Flakes, flake fragments, and blocky debris lacking evidence of cultural modification are 

classified as unmodified debitage (flakes or flake fragments), angular debris, or ecofacts.  Certain 

attributes of unmodified flakes were also recorded.  These attributes include platform intactness, 

platform configuration, number of platform facets, dorsal cortex configuration, and number of 

dorsal scars.  Furthermore, all unmodified flakes and flake fragments are size-graded into five 

size classes (Table 3). 

TABLE 3 

UNMODIFIED FLAKE AND FLAKE FRAGMENT SIZE GRADE RANGES 

Size Grade Minimum Dimension Maximum Dimension 
I. -- ¼--inch (.635 cm) 
II. ¼-inch (.635 cm) ¾-inch (1.905 cm) 
III. ¾-inch (1.905 cm) 1 ½-inch (3.810 cm) 
IV. 1 ½-inch (3.810 cm) 3-inch (7.620 cm) 
V. 3-inch (7.620 cm) -- 

 

All debitage specimens larger than size grade 2 are classified by reduction trajectory, 

reduction stage, and debitage sub-type.  Reduction trajectory categories classify debitage 

according to different reduction strategies.  These include strategies of core, biface, lamellar, 

prismatic blade, indeterminate, or specialized tool production.  Reduction stage categories 

classify debitage as early, middle, or late stage, and are inferred from various configurations of 

dorsal cortex, dorsal flake scars, and platform attributes.  A debitage sub-type classification 

system was employed to differentiate materials possessing attributes characteristic of specific 

reduction strategies from indeterminate specimens lacking diagnostic reduction features. 

Cores and core fragments were identified on the basis of striking platforms and flake 

scars large enough to suggest tool blank production.  Identified core types include amorphous 

cores, bifacial cores (> 10 cm), bipolar cores, lamellar flake cores, prismatic blade cores, cobble 

cores (< 12.8 cm), and boulder cores (≥ 12.8 cm).  SHSC specimens exhibiting minimal 
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modification are classified as either as tested cobbles or tested cores depending on type and 

abundance of cortex.  Metric measurements of cores and tested cobbles are recorded, including 

maximum dimensions along major axes, weight, and the maximum and minimum length of flake 

scars, in addition to percentage of dorsal cortex and number of flake removals. 

Informal flake tools are classified morphologically by invasiveness of retouch and the 

number of functional edges, and then assigned to a functional type based on edge angle and edge 

morphology.  The six morphological classes of informal flake tools used in this analysis include 

utilized flakes, unimarginal flake tools, unifacial flake tools, bimarginal flake tools, combination 

tools, and bladed informal flake tools.  Utilized flake tools are defined as having unifacial edge 

damage or retouch that extends less than 2 mm from the tool edge.  Unimarginal flake tools 

exhibit intentional marginal retouch extending between 2-5 mm.  Specimens with invasive 

unifacial retouch in excess of 5 mm are classified as unifacial tools; however, unifacial flake 

tools exhibiting diagnostic attributes of formal scraper types are classified as formal flake tools.  

Bimarginal flake tools have both dorsal and ventral retouch extending less than 5 mm on each 

face.  Specimens with bimarginal retouch in excess of 5 mm are classified as bifaces.  

Combination tools exhibit more than one modified edge, and each modified edge are analyzed 

independently.  Informal flake tools executed on blades are characterized by the presence and 

location of retouch.  Functional types of informal flake tools include notches, denticulates, 

knives, scrapers, gravers, burins, and modified edges of indeterminate function. 

Formal flake tools include unifacially modified scraping tools that are classified as 

endscrapers, spurred endscrapers, side scrapers, distolateral scrapers, thick scraping planes, and 

concave scrapers.  The metric attributes recorded for formal scrapers include dimensions along 

the tool’s major axes and maximum and minimum bit thickness.  Other formal flake tools may 
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include projectile points and preforms executed on flake blanks; however, these artifact types are 

analyzed separately. 

Chipped stone tools exhibiting flaking that extends greater than 5 cm on opposing edges 

are classified as bifaces.  Metric attributes recorded for bifaces include maximum length, 

maximum width, and maximum and minimum thickness for both bifacially modified and 

unmodified nodule surfaces.  Bifaces with convex surfaces are also measured by central 

thickness.  Surface cortex is recorded as a percentage for the artifact as whole.  Bifaces are 

classified by production stage using the model adapted from Callahan (1979), with modifications 

to the model based on Nami (1999) and Reynolds (1990). (Table 4). 

TABLE 4 
 

BIFACE STAGES 

Biface Stage Reduction W:T Ratio Edge Angle 
Stage 1 Initial edging -- -- 
Stage 2 Primary thinning 2-3:1 40-60° 
Stage 3 Secondary thinning 3-4:1 25-45° 
Stage 4 -- 4-5:1 -- 
Stage 5 Fluted point preforms, 

specialized bifacial knives 
-- -- 

 

All recovered projectile points, hafted knives, and preforms are classified typologically, 

and metric and non-metric descriptive attributes are also collected.  These attributes will be used 

to aid in identifying production sequences and resultant debris in addition to production failures, 

loss in use, breakage in use, and discarding from exhaustion. 

 Non-chipped stone lithic artifact categories include worked stone (i.e., pecked or 

groundstone), and unworked stone.  Pecked or groundstone artifact types include manos, 

mutates, abraders, gaming stones, Niobrara Formation chalk bowls, grooved axes, and 

boatstones.  Metric data are collected for these artifacts, including weight and maximum 
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dimensions along each major axis.  Fire-cracked rock is separated from other modified stone and 

classified by material type and heat source.  Thermal fractures are examined in an attempt to 

differentiate fractures resulting from stone boiling from those due to hearth presence. 

Refitting Analysis Methods 

 While statistical methods, such as k-means, can provide statistical measures of clustering, 

these statistically derived clusters are not constrained by the actual physical relationships among 

artifacts.  Refitting analysis, however, is extremely useful, as it deals precisely with the actual 

spatial configuration and relationships among artifacts.  This allows refitting to serve as a test of 

the validity of statistically derived patterns and clusters.  Incongruence between statistically 

derived clustered patterns and the actual physical relationships demonstrated by refitting may be 

interpreted as a statistical method’s inability to delineate activity areas and can also help 

demonstrate cultural and post-depositional processes that affect artifact distribution. 

 A three-stage approach was adopted in the refitting analysis, based on Larson and 

Kornfeld’s (1997) model.  The initial stage includes morphological and metric analyses of stone 

tools, cores, and debitage, as outlined previously.  Second, these materials were grouped into 

minimum analytical nodules (MAN).  The final stage characterizes these nodules according to 

the refitted and conjoined artifacts comprising the nodules.  This three-stage model addresses site 

formation processes, spatial distribution, and technological organization by examining raw 

material use, production events, tool typology, and technological processes including use, reuse, 

resharpening, and discard (Larson and Kornfeld 1997:6). 

After refitting and conjoining artifacts were identified and recorded, their data were 

incorporated into GIS software as point data retaining their cataloged morphological and metric 

attributes.  In the GIS software, each refit/conjoin set is treated as a combination of many one-to-
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one linkage relationships.  Each linkage represents a pair of lithic artifacts that physically refit or 

conjoin to one another.  Two primary types of relationships are considered in the refitting 

analysis.  A technological linkage implies breakage due to a wide range of active cultural 

processes such as raw material procurement, tool production and maintenance, and other lithic 

reduction strategies.  A conjoin relationship implies breakage due to factors other than 

technological ones.  A host of environmental factors are responsible for conjoining fractures, 

including freeze-thaw processes, unintentional burning, trampling, and plow and shovel damage.  

Artifacts were analyzed on an individual basis during the lithic analysis for post-depositional 

damage, and were reexamined for evidence of non-cultural impacts after their grouping into 

refit/conjoin sets. 

 Individual points representing any two artifacts comprising a single refit/conjoin 

relationship are linked together in the GIS software by a single, straight polyline originating and 

terminating at each of the two artifacts’ proveniences. Not all refit/conjoin relationships are 

capable of being plotted with a connecting polyline:  pairs of refitting/conjoining artifacts often 

share the same provenience for one of two reasons.  First, multiple piece-plotted artifacts were 

often recorded during excavation with a single ETS logging when recovered in close proximity 

to one another.  Second, a significant number of refit/conjoins lack precise proveniences as they 

were not recovered in situ, but rather from dry screening.  Refitting/conjoining artifacts 

recovered from dry screening are assigned proveniences corresponding with the center of their 

respective 1-x-1-m XU quandrant.     

Statistical Methods 

The k-means cluster analysis is one statistical technique used to discern how artifacts fit 

within clustered patterns.  The procedure is termed k-means because it partitions n observations 
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in k clusters, assigning each observation to a cluster with the nearest mean.  The k-means 

approach first characterizes a given distribution as random, clustered, or uniform.  If a given 

distribution is clustered, the k-means procedure will identify levels of clusters at various scales 

and provide measures of cluster size.  These statistically derived clusters will serve as the basis 

for indentifying activity areas.  

Initial uses of the k-means method were limited to artifact classification studies (Hodson 

1970, 1971; Johnson and Johnson 1975) and were not applied in spatial analyses.  Hodson (1970, 

1971) employed k-means to classify and seriate artifacts typologically.  Johnson and Johnson 

(1975) applied k-means to Kansas City Hopewellian ceramics to help develop a chronological 

seriation. 

The earliest application of the k-means procedure in spatial analysis appeared in Simek’s 

(1984) analysis of upper Paleolithic sites in France.  In this study, k-means was employed to 

discern spatial patterns within artifact distributions.  The recognition and analysis of spatial 

patterning were used to identify depositional processes and, in turn, formulate inferences of site 

use and function. 

The k-means cluster analysis procedure employed here is a nonhierarchical divisive 

cluster analysis which attempts to minimize intracluster variances while maximizing the 

intercluster distances (Kintigh and Ammerman 1982:39).  The k-means procedure is considered 

nonhierarchical since clustering stages are not strictly nested, which differs from hierarchical 

procedures, such as single link and average link cluster analysis.  K-means is also divisive, as 

opposed to agglomerative, in the sense that the entire distribution is subsequently divided into 

progressively smaller clusters.  Agglomerative methods start with individual points and proceed 

to create clusters sequentially until a single cluster solution is reached (Simek 1984:36). 
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The k-means procedure minimizes sum squared error (SSE), which is calculated as the 

sum over all objects analyzed of the squared Euclidean distance from each object to that object’s 

assigned cluster (Kintigh and Ammerman 1982:39): 

   

(2.1) 
 

Where [xi,yi] is the two-dimensional provenience coordinates of the ith point of an N set of 

points, and [xci,yci] is the coordinates of the centroid of the cluster containing point i.  The SSE 

statistic is calculated for each cluster solution as the sum of the squared distances between all 

data points and their respective cluster centroids (Simek 1984:38). 

 The SSE statistic is also calculated for each cluster solution as a percentage of the total 

SSE within the distribution (%SSE).  The total SSE of the distribution is calculated using the sum 

of the squared distances between the data points and their mean value.  In calculating total SSE, 

the distribution is treated as a one-cluster solution.  To conveniently display the %SSE, these 

values are transformed into log10 values (log(%SSE)).  The upper limit of the log(%SSE) is two 

for the single-cluster solution as it represents 100% of the SSE within the distribution.  As the 

number of clusters increase, SSE naturally decreases since the distances between data points and 

their centroids are reduced as the distribution is populated with additional centroids.  Plotting the 

log(%SSE) trend against the clustering level sequence can identify the optimal clustering 

solutions.  Improvement from one cluster configuration to the next is revealed by a sudden drop 

or inflection in their respective log(%SSE) values (Simek 1984:39). 

 Individual cluster radius can be measured by root mean squared deviation (RMS) which 

serves as an index of cluster size.  RMS is calculated as the square root of the mean of the 
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squared Euclidean distances from each point in the cluster to the cluster’s centroid, also 

equivalent to the square root of the sum of variances of the x and y coordinates: 

 
(2.2) 

 

Where [xi,yi] is the location of the ith point of an n cluster, and [xc,yc]  is the cluster centroid 

location (Kintigh and Ammerman 1982:41-42). 

 RMS values represent a spatial standard deviation of the points assigned to a particular 

cluster.  The radius of the RMS contains 66% of points within a given cluster.  Small RMS values 

may not necessarily reflect small cluster size, but may represent a compact, dense cluster of 

concentrated points.  Likewise, a relatively large RMS may reflect a sparse, diffuse scatter of 

points.  In this sense, RMS values do not directly equate to cluster size, but rather depict local 

relative abundances of points dispersed around the cluster mean (Simek 1984:39-40). 

 Optimal cluster solutions identified by the plotted log(%SSE) values are displayed using 

GIS software.  Artifact proveniences are mapped by cluster membership.  Clusters are 

graphically depicted by plotting their cluster centroids, and cluster sizes are represented by a 

circle with a radius equal to the RMS value. 

 Simek (1984:36) highlights the advantages the k-means procedure provides over other 

statistical clustering methods.  First, the k-means procedure is amenable to handle large data sets 

because it operates directly on the data, and “there is no need to calculate and store similarity 

matrices to measure relations among the data classes” (Simek 1984:39).  K-means operates 

directly on the input data, directly measuring the Euclidean distance between objects.  As Simek 

(1984) further notes, the k-means procedure characterizes spatial patterns using the actual space 

involved and the relationship among data points within that space.  The data is operated on 
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directly, requiring no intermediate data transformations that involve unwarranted assumptions 

about the data form or distribution characteristics (36). 

The evolution of computer software has significantly reduced the effort required for 

conducting many types of statistical analysis, including k-means cluster analysis.  While early 

applications required tedious amounts of data entry and the authoring and manipulation of 

programming code, contemporary computer programs, aside from their increased processing and 

data handling power derived from hardware improvements, have helped to streamline statistical 

analysis procedures.   The k-means clustering procedure used here is conducted using SPSS 17.0, 

and spatial data is viewed and analyzed in ArcGIS 9.3.  Cluster analysis is performed from one- 

to fifteen cluster solutions with a maximum of 100 iterations. 

26 
 



CHAPTER THREE 

ANALYSIS OF DATA 

Refitting Analysis 

14SD103 

 The refitting analysis sample at 14SD103 includes 888 lithic artifacts refit or conjoin into 

283 refit/conjoin sets, averaging 3.14 artifacts per set.  The 888 artifacts included in the refitting 

analysis of 14SD103 represent 3.1% of the total 28,744 lithic artifacts recovered.  The most 

complex refit set from 14SD103, in terms of total artifacts included, contains 28 individual 

pieces.  A shattered core is the most complex refit in terms of the number of linkages among 

pairs of related artifacts with 142 pair-wise relationships.  A total of 158 of the 283 refit/conjoin 

sets consist of a single pair of linked artifacts. 

As lithic reduction methods and post-depositional processes may result in one-to-many 

and many-to-one relationships among refitting/conjoining pieces, the number of relationships 

exceeds the number of refitting/conjoining artifacts.  Although these relationships, especially 

those with greater than two artifacts per set, are not linear, refit sets are treated as one or more 

pair-wise, one-to-one relationships.  At total of 1,000 pair-wise linkage relationships are 

identified among the 283 refit sets.  Since a refit set and its artifacts may exhibit both 

technological and non-technological fractures, the type of refit, whether technological or non-

technological, is best summarized by refit pairs (Table 5). 
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TABLE 5 

SUMMARY OF 14SD103 REFIT RELATIONSHIPS 

Type of refit 
relationship 

Number of refit 
pairs 

Maximum 
distance (m) 

Mean 
distance (m) 

Median 
distance (m) 

Standard 
Deviation 

Technological 589 8.17 1.50 .94 1.520 
Non-
technological 

411 7.33 .57 .26 .888 

Total 1,000 8.17 1.12 .58 1.377 
 

At 14SD103, technological refits (n = 589, 58.9%) outnumber non-technological conjoins 

(n = 411, 41.4%).  Furthermore, the technological refits average nearly three times farther apart 

(1.50 m) than non-technological conjoining artifacts (.57 m).  This may result from conjoining 

artifacts broken in situ following their deposition or during their excavation and recovery.  The 

significantly higher standard deviation of distances of technological refits (1.520) also indicates a 

wider range of distances for these artifacts compared with the standard deviation of distances of 

the non-technological conjoins (.888). 
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Figure 7. Refit/conjoin sets at 14SD103. 

A total of 936 refit pairs have refit distances greater than zero at 14SD103.  Sixty-four of 

the relationships have zero-length distances, resulting from shared proveniences due identical 

ETS logging or recovery from dry screening.  The average distance among the 936 non-zero 

pairs is 1.20 m.  Including the 64 zero-length linkage pairs, the overall average linkage distance 

between refitting/conjoining artifacts is reduced to 1.12 m.  The maximum distance between 

refitting/conjoining artifacts at 14SD103 is 8.17 m.  A graphic depiction of the refit/conjoin sets 

appear in Figure 7. 

14TO306 

Of the 10,188 chipped stone SHSC artifacts recovered from 14TO306, 147 (1.4 %) 

specimens were refit or conjoined with other chipped stone SHSC artifacts, comprising 53 total 
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refit/conjoin sets, averaging 2.75 artifacts per refit.  Thirty-six of the 53 total refit/conjoin sets 

consist only of a single pair of artifacts; these refit/conjoin sets consisting of two artifacts per set 

constitute both the modal and minimum number of artifacts per set.  The maximum number of 

artifacts per refit/conjoin set at 14TO306 is seven:  two refit/conjoin sets each contain this 

maximum number of artifacts.  A summary of refit sets appears in Table 6. 

TABLE 6 

SUMMARY OF 14TO306 REFIT RELATIONSHIPS 

Type of refit 
relationship 

Number of 
refit pairs 

Maximum 
distance (m) 

Mean 
distance (m) 

Median 
distance (m) 

Standard 
Deviation 

Technological 40 15.30 1.59 .86 2.921 
Non-technological 98 93.20 2.41 .17 11.84 
Total 138 93.20 2.17 .43 10.094 

 

A total of 138 refit pairs comprise the 53 refit/conjoin sets at 14TO306.  Of these 138 

pairwise relationships, 45 consist of refitting or conjoining artifacts that share the same 

provenience.  As noted before, shared provenience may result from recovery from dry screening 

or from a single ETS logging. 

 Ninety-seven refit pair relationships with refit distances greater than zero are identified at 

14TO306.  These non-zero refit distances may represent distance between piece-plotted artifacts, 

between screen-recovered artifacts assigned to different quadrant centers, or between piece-

plotted and screen-recovered artifacts.  The average distance between non-zero distance 

refitted/conjoined artifacts is 3.22 m.  The maximum distance between any two 

refitted/conjoined pieces at 14TO306 is 93.20 m.  Taking zero-length refits into consideration, 

the average distance between all refitted or conjoined artifacts at 14TO306 is 2.17 m (Table 6). 

The large maximum distance value of 93.20 m at 14TO306 arises from two conjoining 

artifacts recovered from distant shovel tests located on a slight slope in the southwest of the site 

30 
 



area.  Undoubtedly, this skews the mean and standard deviation for not only the non-

technological conjoin sets, but also the overall measures for the total refit sets, both technological 

and non-technological, at 14TO306.  Given that the topography from which these artifacts were 

recovered and that this conjoin is non-technological specimen, it is clear that post-depositional 

processes have impacted the spatial distribution of lithic artifacts at 14TO306.   Moreover, 

14TO306 has over twice as many non-technological conjoins (n = 98, 71.0%) than technological 

refits (n = 40, 29.0%), providing further evidence that the spatial patterning of lithic artifacts at 

14TO306 has been determined, at least in part, by post-depositional processes. 

 For 14TO306, the k-means cluster procedure consisted of the analysis for four localized 

excavation blocks, and the graphic depiction of refit/conjoin sets are depicted likewise in Figure 

8, Figure 9, Figure 10, and Figure 11. 

 

 
 

Figure 8. Refit/conjoin sets at Excavation Block 1, 14TO306. 
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Figure 9. Refit/conjoin sets at Excavation Block 2, 14TO306. 

 

 

 

Figure 10. Refit/conjoin sets at Excavation Block 3, 14TO306. 
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Figure 11. Refit/conjoin sets at Excavation Block 3, 14TO306. 
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K-Means Cluster Analysis 

14SD103 

 Unlike excavations at 14TO306, data recovery efforts at 14SD103 were confined to a 

more localized geographical extent.  A total of 3,298 piece-plotted chipped stone artifacts 

recovered from a relatively large excavation block, measuring 64 m2, were used in the k-means 

cluster analysis of 14SD103.  The 16 XUs comprising the excavation block include XU 2 

through XU 17 (Figure 4).  The four- and six-cluster solution correspond with a significant 

reduction in the trend of the log(%SSE) plot (Figure 12).  The cluster analysis results for the 

four- and six-cluster solutions are graphically depicted in Figure 13 and Figure 14, respectively. 

. 

Figure 12. Log(%SSE) plot of 14SD103 k-means cluster solutions 
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Figure 13.  K-means four-cluster solution for 14SD103. 

 

 

Figure 14.  K-means six-cluster solution for 14SD103. 
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14TO306 

While an advantage of the k-means procedure is its ability to operate and identify clusters 

on a variety of scales, the discontinuous excavations at 14TO306 preclude attempts to 

statistically identify and analyze clusters on a site-wide basis.  K-means cluster analysis is 

conducted on smaller-scale excavation blocks which consist of more than one contiguous 1-x-1-

m excavation unit quadrant.  There are 13 such blocks excavated at 14TO306; however only four 

such blocks were included in the analysis.  The remaining nine blocks were excluded based on 

their small size and relative lack of piece-plotted artifacts that preclude the identification of 

clustered patterns (Figure 5). 

Excavation Block 1 

 Excavation Block 1 includes XU 8, XU 10, and XU 17, with a surface area totaling 12 m2 

(Figure 5).  A total of 330 piece-plotted chipped stone artifacts were included in the k-means 

cluster analysis.  Two different cluster solutions are presented here, indicated by inflections in 

the trend of plotted log(%SSE) values (Figure 15).  A noticeable inflection occurs at the three-

cluster level (Figure 16); however, this solution may reflect the spatial discontinuity among the 

three XUs as the three RMS cluster radii correspond with the extent of the three XUs.  A second 

inflection is apparent at the six-cluster solution (Figure 17).  The later comparison of the refit 

data with the cluster analysis will help resolve the optimal clustering solution. 
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Figure 15. Log(%SSE) plot of Excavation Block 1, 14TO306 k-means cluster solutions. 

 

Figure 16.  K-means three-cluster solution for Excavation Block 1, 14TO306. 
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Figure 17.  K-means six-cluster solution for Excavation Block 1, 14TO306. 

 

Excavation Block 2 

 Excavation Block 2 totals 18 m2 in area and is comprised of XU 1, XU2, XU 3, XU 11, 

and XU 16 (Figure 5).  While spatially larger than Excavation Block 1, artifacts are more 

sparsely dispersed throughout Excavation Block 2, with a total of 162 piece-plotted included in 

the analysis.  The most readily apparent inflection in the plot of log(%SSE) values occurs at the 

six-cluster solution; however, the general linear trend of the log(%SSE) throughout the 

successive cluster levels may be a function of the dispersed nature of the artifact distribution of 

the Excavation Block (Figure 18).  The six-cluster solution is graphically depicted in Figure 19. 
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Figure 18.  Log(%SSE) plot of Excavation Block 2, 14TO306 k-means cluster solutions. 

 

 

Figure 19. K-means six-cluster solution for Excavation Block 2, 14TO306. 
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Excavation Block 3 

 Excavation Block 3 includes XU 12, XU 13, and XU 22 (Figure 5).  As with Excavation 

Block 1, Excavation Block 3 measures 12 m2.  A total of 108 piece plotted chipped stone 

artifacts were included in the k-means cluster analysis of Excavation Block 3.  While more 

disperse than Excavation Block 1, the XUs of Excavation Block 3 are more contiguously placed.  

The most noticeable inflection in the trend of the log(%SSE) plot (Figure 20) occurs at the six-

cluster configuration (Figure 21). 

 

Figure 20.  Log(%SSE) plot of Excavation Block 3, 14TO306 k-means cluster solutions. 
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Figure 21. K-means six-cluster solution for Excavation Block 3, 14TO306. 

Excavation Block 4 

 Similar in size, shape, and artifact density as Excavation Block 3, Excavation Block 4 

measures 12 m2 in area, including XU 14, XU 18, and XU 23 (Figure 5).  A total of 123 piece-

plotted chipped stone artifacts were included in the k-means cluster analysis of Excavation Block 

4.  Significant inflections in the log(%SSE) plot occurs at the three-, six-, and nine-cluster 

solutions, indicated by a noticeable inflections in the log(%SSE) trend (Figure 22).  The three-, 

six- and nine-cluster solutions are presented graphically in Figure 23, Figure 24, and Figure 25, 

respectively. 
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Figure 22.  Log(%SSE) plot of Excavation Block 4, 14TO306 k-means cluster solutions. 

 

 

Figure 23.  K-means three-cluster solution for Excavation Block 4, 14TO306. 
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Figure 24.  K-means six-cluster solution for Excavation Block 4, 14TO306. 

 

 

Figure 25.  K-means nine-cluster solution for Excavation Block 4, 14TO306. 
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CHAPTER FOUR 

INTERPETATION OF RESULTS 

 To test the validity of the various k-means clustering solutions, the spatial characteristics 

of the refitting data will be examined in order to assess how well the refitted artifacts’ spatial 

patterning correlates with the statistically derived clusters.  While certain quantitative methods 

may help identify statistically possible optimal clustering patterns, the discrete spatial 

relationships of plotted refitted artifacts can serve to validate or repudiate statistically derived 

patterns.  An accurate clustering solution ought to adequately account for the spatial distribution 

of refitted artifacts.   

 In comparing refit data sets against the statistically derived clusters, the total number of 

refit sets included in the analysis is limited to those pairs located within the excavation block 

considered in the cluster analysis.  Refitted/conjoined artifact pairs are tabulated for each cluster 

solution in two ways.  First, refit sets are counted that merely intersect each individual cluster 

RMS radius.  Second, the refit sets that are completely contained by each individual cluster 

radius are counted.  The percentage of clusters that are completely contained within RMS radii in 

relation to those that intersect, but are not completely contained by RMS cluster radii, serve as a 

measure of how effectively the cluster solution accounts for the spatial distribution of 

refitting/conjoined artifacts.   Since the RMS statistic accounts for 66% of cluster membership 

instances, similar percentages of refitting pairs completely contained by the RMS radii serve to 

validate the statistically derived clusters. 
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14SD103 

 A total of 996 of the 1,000 refit/conjoin set pairs are at least partially located within the 

excavation block at 14SD103.   At the four-cluster solution, 845 of 996 (84.8%) of the refit pairs 

intersect at least one RMS cluster radius.  The RMS radii of the six-cluster solution intersect 863 

of 996 refit pairs (88.6%).  A total of 546 of the 845 refit/conjoin pairs (64.6%) are completely 

contained by the four-cluster solution RMS cluster radii; whereas only 441 of 863 (51.1%) refit 

pairs are completely contained by the six-cluster solution RMS radii.  While a higher percentage 

of refit pairs intersect the six-cluster RMS radii than the three-cluster radii, the four-cluster 

solution better accounts for the spatial patterning of refitted artifacts as a higher percentage of 

refit pairs are completely contained by the four-cluster solution RMS radii.  Although the four-

cluster solution accounts for 64.6% of intersecting refits and 54.8% of all refits, it more 

accurately predicts the spatial patterning of refitting artifacts than the six-cluster solution, which 

accounts for 51.1% of intersecting refit pairs and 44.3% of all refits within the excavation block.  

The four-cluster configuration, therefore, has real-world significance as it can account for the 

observed distribution of refitting artifacts.  The four-cluster solution and refit pairs are depicted 

in Figure 26, and the six-cluster solution is depicted in Figure 27. 
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TABLE 7 
 

14SD103 REFIT/CONJOIN PAIRS IN THE FOUR-CLUSTER SOLUTION 
 

Cluster Assigned 
Artifacts 

Artifacts 
within RMS 
Radius 

Intersecting 
Refits 

RMS 
Contained 
Refits 

Refit Percent 
within RMS 

1 544 402 278 215 77.3% 
2 1393 974 256 125 48.8% 
3 625 495 217 123 56.7% 
4 736 405 175 83 47.4% 
Total 3,298 2,276 845/996* 546 64.6%/54.8%
*  - Refit pairs  intersect multiple RMS cluster radii. Not all refits within 
excavation block intersect. 

 
 

TABLE 8 
 

14SD103 REFIT/CONJOIN PAIRS IN THE SIX-CLUSTER SOLUTION 
 

Cluster Assigned 
Artifacts 

Artifacts 
within RMS 
Radius 

Intersecting 
Refits 

RMS 
Contained 
Refits 

Refit Percent 
within RMS 

1 93 55 28 12 42.9% 
2 426 260 112 73 65.2% 
3 542 398 168 76 45.2% 
4 426 328 245 152 62.0% 
5 487 317 118 60 50.8% 
6 1,324 906 220 98 45.5% 
Total 3,298 2,264 863/996* 441 51.1%/44.3%
*  - Refit pairs  intersect multiple RMS cluster radii. Not all refits within 
excavation block intersect. 
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Figure 26. Four-cluster solution and refit pairs at 14SD103. 
 

 
 

Figure 27. Six-cluster solution and refit pairs at 14SD103. 
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14TO306 

Excavation Block 1 

 As noted earlier, two possible optimal clustering solutions were identified for Excavation 

Block 1 at 14TO306 based on the log(%SSE) trend (Figure 15).  The discontiguous nature of 

Excavation Block 1 may bias for the three-cluster solution, but a comparison of the cluster 

configurations with the refit data may resolve the more likely pattern.  The RMS radius of the 

three-cluster completely contains 42.9 percent of the refit pairs (Table 9) while only 25.0% of the 

refit pairs are complete contained within the six-cluster solution RMS radius (Table 10).  The 

three-cluster solution more accurately predicts the actual spatial patterns observed in the refit 

data, displayed in Figure 28.  For comparative purposes, the six-cluster solution is shown with 

the refit data in Figure 29. 

TABLE 9 

14TO306 EXCAVATION BLOCK 1 REFIT/CONJOIN PAIRS IN THE THREE-CLUSTER 
SOULUTION 

 
Cluster Assigned 

Artifacts 
Artifacts 
within RMS 
Radius 

Intersecting 
Refits 

RMS 
Contained 
Refits 

Refit Percent 
within RMS 

1 108 61 4 1 .3% 
2 144 81 3 1 33.3% 
3 78 49 2 1 50.0% 
Total 330 191 7* 3 42.9% 
*  - Refits intersect multiple RMS cluster radii. 
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TABLE 10 

14TO306 EXCAVATION BLOCK 1 REFIT/CONJOIN PAIRS IN THE SIX-CLUSTER 
SOLUTION 

 
Cluster Assigned 

Artifacts 
Artifacts 
within RMS 
Radius 

Intersecting 
Refits 

RMS 
Contained 
Refits 

Refit Percent 
within RMS 

1 62 39 4 0 0% 
2 33 18 0 0 -- 
3 45 30 3 2 66.7% 
4 62 31 1 0 0% 
5 46 29 3 0 0% 
6 82 53 3 0 0% 
Total 330 198* 8* 2 25.0% 
*  - Refits intersect multiple RMS cluster radii. 

 

 

Figure 28. Three-cluster solution and refit pairs at Excavation Block 1, 14TO306.  
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Figure 29. Six-cluster solution and refit pairs at Excavation Block 1, 14TO306.  
 

Excavation Block 2 

 The plot of the log(%SSE) of the clustering solutions for Excavation Block 2 reveals a 

significant inflection at the six-cluster solution level (Figure 18).  However, when compared with 

the refit data, the six-cluster solution does not appear to adequately account for the actual 

distribution of refit pairs.  Only 37.8% of the refit pairs are completely contained by the RMS 

radii, and three of the six clusters fail to contain any refit pairs within their RMS radii (Table 11).  

The refit pairs and six-cluster solution are depicted in Figure 30. 
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TABLE 11 

14TO306 EXCAVATION BLOCK 2 REFIT/CONJOIN PAIRS IN THE SIX-CLUSTER 
SOLUTION 

 
Cluster Assigned 

Artifacts 
Artifacts 
within RMS 
Radius 

Intersecting 
Refits 

RMS 
Contained 
Refits 

Refit Percent 
within RMS 

1 15 9 4 0 0.0% 
2 21 11 1 0 0.0% 
3 30 17 7 1 14.3% 
4 38 24 24 12 50.0% 
5 43 27 16 4 25.0% 
6 15 10 2 0 0% 
Total 162 98 45* 17 37.8% 
*  - Refits intersect multiple RMS cluster radii. 

 

 

Figure 30. Six-cluster solution and refit pairs at Excavation Block 2, 14TO306.  
 

Excavation Block 3 

 The log(%SSE) plot of the Excavation Block 3 clustering solutions indicates a significant 

inflection at the six-cluster level (Figure 20).  An examination of the refit data alongside the six-

cluster solution exposes the cluster configuration’s inability to account for the spatial distribution 

of refitted artifacts (Table 12).  The RMS cluster radii completely contain only 18.8% of the refit 
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pairs that intersect the RMS radii, and four RMS radii fail to completely contain a single refit 

pair.  Moreover, only 32 of the 54 (59.3%) refit pairs located in Block 3 intersect the RMS radii.  

The refit pairs are depicted with the six-cluster configuration in Figure 31. 

TABLE 12 

14TO306 EXCAVATION BLOCK 3 REFIT/CONJOIN PAIRS IN THE SIX-CLUSTER 
SOLUTION 

 
Cluster Assigned 

Artifacts 
Artifacts 
within RMS 
Radius 

Intersecting 
Refits 

RMS 
Contained 
Refits 

Refit Percent 
within RMS 

1 21 13 9 0 0% 
2 41 21 14 5 35.7% 
3 12 5 3 0 0.0% 
4 15 9 9 1 11.1% 
5 15 10 11 0 0% 
6 45 3 3 0 0% 
Total 108 61 32/54* 6 18.8%/11.1%
*  - Refits intersect multiple RMS cluster radii. Not all refits within excavation 
block intersect. 

 

 

 

Figure 31. Six-cluster solution and refit pairs at Excavation Block 3, 14TO306.  
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Excavation Block 4 

 The log(%SSE) trend of the clustering solutions for Excavation Block 4 indicates a 

relative reduction of SSE at the three-, six-, and nine-cluster solutions (Figure 22).  At first 

glance, the 55.6% and 50% of refit pairs contained by both RMS radii seems promising, but 

further inspection also reveals the inadequacies of all three cluster solutions.  At the three-cluster 

solution, Cluster 1 fails to contain any refit pairs within its RMS radius (Table 13).  Furthermore, 

only 10 of the 12 (83.3%) refits within Block 4 intersect the RMS radius.  At the six-cluster 

solution, all RMS-contained refits occur within Cluster 2’s RMS radius (Table 14).  The 

remaining five RMS radii contain no refit pairs; furthermore, two of the six RMS radii fail to 

intersect even one refit pair.  Moreover, only eight of the 12 (66.7%) refits occurring in Block 4 

intersect any six-cluster RMS radii.  In the nine-cluster solution, three of the RMS radii fail to 

intersect a refit pair, and seven RMS radii fail to completely contain a refit pair (Table 15).  Like 

the three-cluster solution, the nine-cluster solution RMS radii completely contain eight of the 12 

refit pairs within the excavation block.  The three-, six-, and nine-cluster solutions and refit pairs 

are depicted in Figure 32, Figure 33, and Figure 34, respectively. 

TABLE 13 

14TO306 EXCAVATION BLOCK 4 REFIT/CONJOIN PAIRS IN THE THREE-CLUSTER 
SOLUTION 

 
Cluster Assigned 

Artifacts 
Artifacts 
within RMS 
Radius 

Intersecting 
Refits 

RMS 
Contained 
Refits 

Refit Percent 
within RMS 

1 39 24 3 0 0.0% 
2 41 24 3 1 33.3% 
3 43 26 5 4 80.0% 
Total 123 74 10/12* 5 50.0%/41.7%
*  - Refits intersect multiple RMS cluster radii.  Not all refits within excavation 
block intersect. 
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TABLE 14 

14TO306 EXCAVATION BLOCK 4 REFIT/CONJOIN PAIRS IN THE SIX-CLUSTER 
SOLUTION 

 
Cluster Assigned 

Artifacts 
Artifacts 
within RMS 
Radius 

Intersecting 
Refits 

RMS 
Contained 
Refits 

Refit Percent 
within RMS 

1 33 22 1 0 0.0% 
2 25 15 4 4 100.0% 
3 22 16 0 0 -- 
4 10 5 2 0 0.0% 
5 14 10 0 0 -- 
6 19 9 1 0 0.0% 
Total 123 77 8/12* 4 50.0%/33.3%
*  - Refits intersect multiple RMS cluster radii.  Not all refits within excavation 
block intersect. 

 

TABLE 15 

14TO306 EXCAVATION BLOCK 4 REFIT/CONJOIN PAIRS IN THE NINE-CLUSTER 
SOLUTION 

 
Cluster Assigned 

Artifacts 
Artifacts 
within RMS 
Radius 

Intersecting 
Refits 

RMS 
Contained 
Refits 

Refit Percent 
within RMS 

1 13 7 1 0 0.0% 
2 14 8 1 0 0.0% 
3 22 12 4 4 100.0% 
4 13 9 2 1 50.0% 
5 12 8 0 0 -- 
6 10 5 2 0 0.0% 
7 22 13 1 0 0.0% 
8 13 8 0 0 -- 
9 4 3 0 0 -- 
Total 123 73 9/12* 5 55.6%/41.7%
*  - Refits intersect multiple RMS cluster radii.  Not all refits within excavation 
block intersect. 
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Figure 32. Three-cluster solution and refit pairs at Excavation Block 4, 14TO306.  
 

 

 

 

Figure 33. Six-cluster solution and refit pairs at Excavation Block 4, 14TO306.  
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Figure 34. Nine-cluster solution and refit pairs at Excavation Block 4, 14TO306.  
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Discussion 

 Although it may be possible to statistically derive clustered patterns from a given 

distribution, the reality of such patterns can be undermined by actual observed spatial 

relationships.  At 14TO306 the spatial distribution of refitted and conjoined artifacts fails to 

coincide with the expected distributional patterns predicted by k-means cluster analysis as 

refitted artifacts are not adequately contained by the k-means-derived clusters.  A number of 

factors may be responsible for the discrepancies between the derived cluster patterns and the 

observed refit distributions.  From a data quality standpoint, the sample size of refit data, 

sparseness of provenienced artifacts, and discontinuous nature of excavations at 14TO306 may 

all diminish the efficacy of the k-means procedure.  Aside from these issues, the failure of 

statistical methods to account for actual observed patterns illuminates the possibility that the 

artifact distribution at 14TO306 has been adversely affected by post-depositional processes. 

 Despite the shortcomings of the k-means analysis of 14TO306, the application of the 

same statistical procedures for 14SD103 proved worthwhile.  The statistically derived clusters at 

14SD103 correspond with the distribution of observed refitted and conjoined artifacts which 

permits two conclusions.  First, the k-means cluster analysis yields spatial patterns that coincide 

with discrete areas of prehistoric activities associated with the manufacture of chipped stone 

tools.  Second, the spatial integrity of 14SD103 seems relatively unaffected by post-depositional 

processes when compared with 14TO306. 

 The different results of the analyses conducted at 14SD103 and 14TO306 not only permit 

conclusions about site integrity and the spatial organization of technologically related artifacts.  

A closer examination of the results also reveals shortcomings of the analytical methods 
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employed.  A discussion of these problems is necessary to avoid drawing unwarranted 

conclusions and to help prevent the misapplication of the analytical methods. 

Initially this thesis operated under the assumption that k-means-derived clusters could be 

interpreted as the spatial extent of activity areas.  In light of the evidence from the refit data, the 

technological processes involved in chipped stone tool manufacture do not necessarily produce 

discrete clustered distributional patterns.  As archaeological site formation involves dynamic 

processes of human agency, the observed spatial patterns of chipped stone artifacts are due, in 

part, to the different technological processes that comprise the manufacture of chipped stone 

tools.  Chipped stone tools are produced using a wide array of technological processes, and 

markedly different distributional patterns result, in turn, from differences in the manufacturing 

processes for different types of tools executed on different types of raw material by different 

individual flintknappers applying their trade in different environmental settings.  More detailed 

refitting data incorporating lithic analysis methods that address technological aspects of lithic 

reduction strategy have the potential to resolve this problem as the spatial distribution of artifacts 

can be analyzed according to manufacturing processes. 

 Excavation methods may condition the result of the k-means cluster analysis.  Especially 

in the case of 14TO306, the discontinuous nature of the excavations produces cluster results that 

coincide with individual XUs (Figure 15).  K-means cluster analysis is better suited for 

addressing continuous distributions; however, the patchwork nature of the excavations at 

14TO306 does not lend itself to cluster analysis as the discontinuous blocks produce biases of 

edge effects.  Although this criticism has been leveled against nearest neighbor analyses (Hodder 

and Orton 1976), the same criticism is also valid against k-means cluster analysis in this case 

since the sample of artifacts used in the analysis does not represent a continuous distribution 
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across the site area, but is rather a biased sample resulting from non-adjoining excavations.  

While the biases of edge effects are less evident at the more continuous excavations at 14SD103, 

the discontinuities of the northern XUs (Figure 3) along with artifacts that refit beyond the extent 

of the excavation block contribute to edge effect bias. 

 Similar to edge effect bias, biases arising from issues of scale and sample size are also 

problematic in this case study, which also arise, in part from, excavation and recovery methods.  

Scaling bias not only adversely affects the k-means analysis, but also affects the refitting analysis 

and the reconciliation of the two.  Excavations at both sites represent a very limited percentage 

of the total site area.  The cluster and refitting analysis were only conducted in the discrete areas 

of the excavation blocks and fail to address site-wide distributional tendencies.  The accurate and 

precise ETS data used in the cluster analysis represent observations collected at a different scale 

than the provenience data collected for many of the refitting artifacts which were often assigned 

proveniences if recovered from screening or share proveniences if discovered in close proximity 

to one another.  The cluster analysis data and the refit data, therefore, operate on different 

resolutions and result in some degree of incompatibility between two different types of data. 

 Improvements in research design are possible in one of two areas:  improvement in 

excavation methods and refinements in the analytical methods, namely in application and scope 

of k-means cluster analysis and refitting analysis.  Improving excavation methods may also result 

in improving the quality of data and rendering it more amenable to quantitative analysis. 

 To maximize the potential of ETS-collected provenience data, great care should be 

exercised to ensure that as many artifacts as possible are piece-plotted.  This would improve refit 

data by eliminating zero-length refits arising from shared ETS loggings and from screen-

recovered artifacts if similar care is taken to recover artifacts in situ prior to screening.  While 
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ETS-collected data are precise, the accuracy of such data is diminished by biases arising from the 

collection of the sample data. 

 The ineffectiveness of the k-means procedure at 14TO306 demonstrates problems with its 

application.  Several underlying factors diminish k-means’ ability to account for spatial 

distributions.  As noted before, the discontinuous nature of the excavations produces sampling 

biases of edge effects.  Although sites are rarely completely excavated, extensive continuous 

excavations would provide a more complete sample of provenienced artifacts and eliminate, to 

some degree, biases of scale, sample size, and edge effects.  Caution should be used when 

applying k-means cluster analysis to spatial data recovered from sites such as 14TO306 that 

consist of sparse distributions of artifacts recovered from discontinuous excavations. 

Although advances in computer technology have made statistical analyses more efficient, 

they still require a significant investment of time, effort, and resources.  While k-means 

clustering provides a way to quantify clustered distribution patterns, qualitative intuitive pattern-

recognition techniques may be more efficient and just as effective in identifying clusters.  Visual 

displays of artifact clusters allow the observer to informally recognize patterns without the 

investment of time, effort, and resources required to conduct k-means cluster analysis.  Although 

the intuitive, qualitative recognition of patterns lacks the formalized quantitative rigor of 

statistical analysis, clustered patterns may be readily apparent from merely visually inspecting 

the spatial distribution of artifacts.  Visually intuitively apparent clusters may preclude the need 

conduct quantitative cluster analysis. 

It is certain that archaeology benefits from the use of statistical methods, but the 

wholesale and blind application of these methods should be avoided.  Statistics alone cannot 

provide a complete and nuanced understanding – they are merely one tool of many available. 
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