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EXECUTIVE SUMMARY

In the western United States, the Department of Defense (DoD) has in some cases depended on in-field
analysis for analyzing most or all artifacts used to characterize and interpret archaeological sites recorded
during survey. Because the funding and space needed for artifact curation are sparse, the DoD and other
federal agencies have justified in-field analysis with the need to limit curation. DoD policies that promote
in-field artifact analysis over laboratory analysis rely on the assumptions that in-field analysis is of similar
quality to laboratory analysis and that future research and management efforts will not require access to artifacts. Despite increasing reliance on in-field analysis for inventory and evaluation, the validity of these assumptions has not been tested. Legacy Project No. 11-157 was designed as a preliminary experiment to test
those assumptions by assessing the adequacy and accuracy of in-field artifact analysis and digitalphotograph analysis at two prehistoric archaeological sites located on military installations in the western
United States: the Soldier Creek site (AZ EE:7:164 [AMS]), in southeastern Arizona, at Fort Huachuca, and
FB 9583, in south-central New Mexico, on the East McGregor Range of Fort Bliss Military Reservation.
At each of these sites, samples of individually numbered ceramic and lithic artifacts discovered in
surface contexts were analyzed by two separate field technicians. The artifacts were then collected and
analyzed by trained specialists who analyzed, in a laboratory setting, either the physical artifacts or only
digital photographs of the artifacts. The accuracy and precision of the in-field and digital-photograph
analyses were assessed using several statistics: agreement index, Cohen’s kappa, McNemar’s test for
bias, false-positive rate, and false-negative rate. For most assessments, the hands-on laboratory analysis
was treated as the “gold standard” for the project, and the results of the in-field and digital-photograph
analyses were tested against that standard. The adequacy of results for site interpretation and management
was assessed by evaluating whether and how differences in analysis results could influence how sites are
interpreted and managed.
In general, the results of these assessments showed that both the in-field and the digital-photograph
analyses were of low accuracy and were often inadequate for site interpretation. Rare and important artifact
types were often misclassified, and evidence for both random error and systematic bias in artifact identification was common. Digital-photograph analysis tended to be more precise than in-field analysis, but digitalphotograph analysis also tended to identify rare types incorrectly, resulting in more-precise but inaccurate
inferences about the temporal and cultural affiliations of a site. Several of the variables that many investigators have indicated as crucial to determining significance and establishing representative samples of sites for
long-term preservation are derived primarily from artifact analysis: site function, assemblage diversity, temporal affiliation, and cultural affiliation. The experiment showed that all of those variables could be inaccurately assessed, sometimes grossly so, when based on in-field or digital-photograph analysis.
Following these results, a series of recommendations was made for deciding how and in which situations in-field analysis is best applied and regarding how to improve the reliability of in-field analysis. It
was recommended that the decision to perform in-field analysis be made in consultation with stakeholders
and based on the requirements and regulatory contexts of particular projects, not by blindly following nocollection or limited-collection policies. Methods and tools for improving quality and consistency in artifact identification should be developed through training, field guides, and implementation of digital technologies. The accuracy and adequacy of in-field-analysis data collected during previous projects at military installations should also be tested to identify situations in which data are likely to be faulty and how
future data-collection efforts could be improved.
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CHAPTER 1

Introduction

As part of a U.S. Department of Defense (DoD) Legacy Resource Management Program (Legacy) project
(No. 11-157), this report explores the accuracy and adequacy of in-field artifact analysis. This project was
sponsored by Fort Huachuca and was conducted for Legacy by Statistical Research, Inc. (SRI), through
Contract No. W9132T-11-2-0014 with the U.S. Army Corps of Engineers, Engineer Research and Development Center, Construction Engineering Research Laboratory. Both Fort Huachuca and Fort Bliss were
contributors to this project. The project consists of an experiment to test the accuracy and adequacy of infield analysis conducted at two project sites—one on Fort Huachuca, in southeastern Arizona, and one on
Fort Bliss Military Reservation, in south-central New Mexico (Figure 1). At each of these sites, a sample
of ceramic and lithic artifacts was documented by two separate field crews, resulting in two separate sets
of field identifications for the same, individually numbered artifacts. Digital photographs of the same artifacts were also taken in the field. The documented artifacts were then collected and subsequently analyzed in a laboratory setting. Laboratory analysis was conducted by trained specialists who performed
analysis using either (1) the physical artifacts or (2) only digital photographs of the artifacts. This process
resulted in a total of four sets of independently obtained analysis results for each of the two project sites.
In this report, the results of these analyses are assessed in order to test for the level of agreement between artifact identifications made in the field by archaeological field technicians and those made in the
laboratory by trained specialists using digital photographs only or the physical artifacts. The following
questions were addressed:
•

What is the level of agreement between observers, according to observational method, training,
artifact attribute, and site?

•

How accurate or precise are artifact observations made in the field or using only digital photographs?

•

To what degree could variation in the accuracy and precision of artifact identification affect the
interpretation of a site, in terms of site function, technology, temporal affiliation, or cultural affiliation?

Currently, scientific studies that have tested the accuracy and adequacy of in-field analysis at DoD installations are rare. Inaccurate identification of artifacts during in-field analysis can result from a variety of
factors, including lack of adequate lighting and appropriate analytical instruments, unclean surfaces, adverse
weather conditions, and experience of field personnel. The limited research that has been conducted on this
subject is not encouraging. Two pilot studies indicated that the problem is worthy of serious attention from
the DoD. First, blind studies performed at the Valencia site in the Tucson Basin, demonstrated that in-field
analysts varied so widely on simple counts of plain ware body sherds that the results were largely meaningless (Altschul 1986). More recently, a Legacy-funded study of archaeological-data quality (Legacy Project
No. 07-353) (Heilen et al. 2008), demonstrated that even for basic parameters, such as site location and site
boundaries, the accuracy and reliability of field observations vary tremendously within and between DoD
installations, regardless of Military Service or environmental conditions. The current project is a follow-on
project to the Legacy-funded study of archaeological-data quality.
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Figure 1. The locations of the two project sites within the states of Arizona and New Mexico.

Report Organization
This chapter introduces the project and provides background information regarding the purposes of current collection policies and their scientific and legal implications. The remainder of this report provides
context for the two project sites; describes field, laboratory, and analytical methods; and evaluates, using
multiple assessment methods, the results of the in-field artifact analysis and the digital-photograph and
hands-on laboratory analyses. Chapter 2 provides a brief culture history relevant to the project sites and collected materials, describes the project sites, and presents the methods used for artifact analysis and for assessing analysis results. Chapter 2 also includes a description of the statistics calculated to assess the level
of agreement among analyses as well as to assess the accuracy and precision of artifact identifications
made by different observers. These include calculation of an agreement index, classification-error estimates, Cohen’s kappa agreement statistic, and McNemar’s test for bias. The distribution of results among
analyses is also compared to determine where and in what cases substantial differences in site interpretation could have resulted from differences in analysis results. Chapter 3 uses these methods to assess the
analysis results for ceramic artifacts collected from the two project sites. Chapter 4 assesses the analysis
results for lithic artifacts collected from the two project sites. The final chapter of this report, Chapter 5,
provides a summary of the project approach, methods, and results and offers recommendations for best
practices in regard to in-field analysis and artifact collection.

The Limiting of Collection during Survey
It is longstanding archaeological practice that artifacts collected in the field must be documented and curated at a museum or repository. This practice has served archaeology well. Insights are continually
gleaned from old collections. Artifacts of rare and exotic types, often targeted by collectors and vandals,
now exist almost exclusively in repositories. Without these collections, archaeologists, indigenous communities, and the general public would lose a valuable connection with the past and their heritage.
For most of the twentieth century, archaeologists made collections from sites during survey. Sometimes, these collections were systematic, following either a statistically based sampling scheme or a procedure aimed at ensuring that collections at sites were made consistently. More often, collections were
grab-bag samples, during which archaeologists made subjective appraisals of the artifacts on the surface
and collected samples that reflected their interests. In general, temporally and/or culturally diagnostic materials were the primary targets of these collections.
In many parts of the western United States, the practice of collecting artifacts during survey began to
be challenged in the 1980s. The Arizona State Historic Preservation Office (SHPO) took a particularly
aggressive stance, arguing that the collection of artifacts could be considered an adverse effect. For surveys conducted in compliance with Section 106 or 110 of the National Historic Preservation Act (NHPA),
the sponsoring government agencies were required to consult with SHPOs and the affiliated Native
American tribes and communities about their survey plans. Survey plans that included collections received more attention and required agencies to justify why collections were necessary, how the collections were going to be analyzed, and where they were going to be curated. Why, in essence, couldn’t the
artifacts be identified in the field and left there?
Some agency archaeologists took on the added burden of justifying collections, but many did not, not
simply because of the extra work but also because government agencies had a vested interest in limiting
collections. By eliminating collections, agencies decreased their costs significantly; they did not have to
analyze artifacts in the laboratory, prepare the artifacts for curation, and pay for a collection to be curated
in perpetuity. Not only government-agency and SHPO archaeologists favored the trend toward limited
collection; without having to process, analyze, and curate collections, the reduced level of effort associated
3

with no-collection and limited-collection policies also allowed contractors to reduce project costs or to
put more effort into other project tasks.
By the end of the 1980s, the practice of systematic artifact collection during surveys had been all but
eliminated in Arizona. Collection was limited to artifacts of rare types or types favored by vandals and
collectors (e.g., projectile points, whole ceramic vessels, and historical-period bottles). Arizona was by no
means alone in the trend to eliminate or limit surface collection during survey. California, New Mexico,
Utah, and Nevada were among the states that followed similar tactics.
Implicit in no-collection and limited-collection policies is the assumption that the observations made
about artifacts in the field are as accurate as those made in the laboratory. Surprisingly, in the past
30 years, there have been very few studies performed that have actually tested this assumption. Altschul
(1986) examined data from the Valencia site in Tucson and showed convincingly that there were wildly
different results between data collected from transects in which artifacts simply were counted and data
collected from transects from which artifacts were intensively collected. This cautionary case study, however, did not stem the tide toward adoption of a limited-collection policy in Arizona.
No-collection and limited-collection policies have not been without their critics. Commonly, evaluation
and data recovery projects based on no-collection or limited-collection policies uncover very different archaeological resources from what has been anticipated or previously reported. Such results leave private and
public sponsors of archaeological investigations, along with Native American tribes, wondering why
archaeologists can so often be wrong. Some agencies, such as the Tonto National Forest, routinely revisit
sites recorded by contractors, because they have little faith that artifact identification has been done correctly
(Michael Sullivan, personal communication 2010). Others, such as the Coconino National Forest, require an
artifact-identification test before permitting archaeologists to work within the forest. These examples suggest that the public may not have been well served by no-collection or limited-collection policies.
Evaluating no-collection or limited-collection policies requires baseline data that compare artifact
identification in the field with artifact identification conducted in the laboratory. This study is a first step
in that direction. But even if we find that no-collection or limited-collection policies result in inadequate
artifact identification which then leads to inaccurate resource assessments that can negatively affect management decisions, it is unlikely that we can return to the days of systematic surface-artifact collection.
Like many federal agencies in the western United States, the DoD has partially embraced no-collection or
limited-collection policies for situations in which it makes sense to apply them. This is in large part because the DoD recognizes that it has increasingly limited space in which to curate artifacts and that additional funding is needed to support curation. It is important to note that the Military Services each manage
their respective lands under the auspices of their individual programming and policies. Generally, DoD
installations in the western United States selectively follow a no-collection or limited-collection policy, as
appropriate, based on whether they have discretion over who will actually be conducting the fieldwork.
The goal of this project, then, is not simply to compare in-field artifact analyses with other procedures but to identify ways to make no-collection or limited-collection policies work more efficiently,
accurately, and effectively.
To understand the manner in which we approached the problem, we need to place the no-collection and
limited-collection policies used by the DoD in context. The remainder of this introduction discusses curation
from a federal-agency perspective. We begin with a federal agency’s curation responsibilities. We then describe the evolution of no-collection and limited-collection policies and their critics, especially as these relate to the DoD. Lastly, we describe the need for this project and how it is organized and presented.

Federal Curation Policy
Federal legislation and regulations mandate that collections resulting from archaeological projects conducted on federal property or benefiting from federal funding be maintained and curated in perpetuity.
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Collections include artifacts and materials collected during the course of an archaeological investigation as well as any associated records. Curation refers to the care, management, and use of collections.
Per professional ethical standards and federal guidelines, properly curated collections must be preserved to prevent deterioration; must be appropriately documented and organized; and must be made
accessible for scientific research, public education, and cultural use. Procedures and guidelines for
managing collections recovered by federal projects have been established in Title 36, Part 79, of the
Code of Federal Regulations (36 CFR 79): Curation of Federally-Owned and Administered Archaeological Collections. Pursuant to Section 101(a)(7)(A) of the NHPA (U.S. Code Title 16, Section 470a
[16 U.S.C. 470a]), 36 CFR 79 establishes “definitions, standards, procedures and guidelines to be followed by Federal agencies to preserve collections of prehistoric and historic material remains, and associated records, recovered under the authority of the Antiquities Act (16 U.S.C. 431–433), the Reservoir Salvage Act (16 U.S.C. 469–469c), Section 110 of the National Historic Preservation Act (16
U.S.C. 470h-2) or the Archaeological Resources Protection Act (16 U.S.C. 470aa–mm).” Two previous
Legacy projects (Guidelines for the Field Collection of Archaeological Materials and Standard Operating Procedures for Curating Department of Defense Archaeological Collections [Legacy Project
No. 98-1714] and Archaeological Collections Management Procedures [Legacy Project No 06-319])
have provided guidance for DoD installations regarding collection procedures and collections management and curation (see Griset and Kodack 1999; Sagebiel et al. 2007).
These and other studies have shown that although collection and curation preserve the scientific basis of archaeology and support the effective stewardship of heritage resources, collection and curation
do not come without a cost. Over the past several decades, a curation crisis has been mounting in cultural resource management (CRM) in the United States. As development increases, so do CRM activities. The volume of collected materials requiring curation has increased in tandem with development,
whereas the space available for curation has remained static, funding for curation has decreased, and
conditions for ensuring the preservation of collections are inadequate. Moreover, many materials that
were collected during early investigations, along with the associated documents, have been lost or destroyed or are stored in conditions that are inadequate for ensuring their preservation. In many states,
the collections that have been made and where they are held have been poorly documented. Efforts to
develop centralized databases documenting the locations and statuses of collections have only just begun. The result has been a curatorial problem of crisis proportions, whereby collections of vast numbers
of irreplaceable artifacts of scientific and cultural value have not been adequately curated and are stored
in conditions not conducive to the long-term preservation of archaeological materials and associated records (Bawaya 2007; Lyons et al. 2006).
A number of professional associations and governmental entities have called attention to this crisis
(Heyman 1997; Lyons et al. 2006; Nepstad-Thornberry et al. 2002; Sullivan 1992; Trimble and Meyers
1991), including the U.S. Army Corps of Engineers (USACE), the U.S. Department of the Interior (USDI)
National Park Service (NPS), the Smithsonian Institution, the Society for American Archaeology (SAA),
the Society for Historical Archaeology, the Arizona Governor’s Archaeology Advisory Commission Curation Subcommittee, the Executive Committee of the Colorado Council of Professional Archaeologists,
and the Council of Virginia Archaeologists’ Collections Committee, among others. Recommendations offered by these entities for remedying the crisis have addressed the following concerns:
•

recognizing and documenting the extent of the curation crisis;

•

underscoring the scientific, cultural, and legal imperatives for curation;

•

garnering public support;

•

developing and lobbying for funding mechanisms to address the problem and improve curation
outcomes;

•

increasing curation space and improving curatorial procedures; and

•

developing strategies for limiting the volume of collections.
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Other specific recommendations for addressing the crisis have included the following:
•

deaccessing redundant materials to regain curation space;

•

obtaining federal support for the rehabilitation of existing federal collections;

•

upgrading curation facilities that house federal collections;

•

developing inventories of all federal collections held in repositories;

•

developing an accreditation program for repositories;

•

developing national standards and guidelines for making field collections and for accessing, using, and managing collections and associated records; and

•

establishing a national archaeological-curation program that would include the creation of an Office of Archaeological Curation within the USDI and the addition of a curation position within
the SHPO of each state.

Limiting Collections: One Means of Addressing the Curation Crisis
The above recommendations have mostly to do with developing funding, standards, and procedures for
the management of existing collections or improving the conditions under which new collections are
managed. Another seemingly practical, if only partial, solution to this crisis is either to limit collections or
not to collect at all (Beck and Jones 1994; Butler 1979). The NPS has defined a collection as “material remains that are excavated or removed during a survey, excavation, or other study of a prehistoric or historic resource, and associated records that are prepared or assembled in connection with the survey, excavation or other study” (NPS 2011). In the context of limited-collection or no-collection policies, “collection” refers principally to material remains and not to associated records that document or record those
remains. Representative sampling of archaeological materials from archaeological investigations for curation is one means of limiting collections and dampening the volumetric increase in collections that require
curation. The approach assumes, of course, that archaeologists will be able to devise sampling strategies that
adequately address legal requirements and scientific needs, now and in the future, and safeguard against the
loss of important information. Not collecting artifacts or limiting their collection means that many or all artifacts associated with an archaeological site must be analyzed in the field. In-field analysis is often done by
field crew with limited training in artifact analysis, rather than by trained specialists, and it is often done under conditions that may be adverse to achieving accurate results, such as inclement weather, unavailability
of adequate measurement tools, poor lighting, or unclean surfaces.
For more than 20 years, limited-collection and no-collection policies for archaeological surveys have
been in effect throughout most of the western United States, including at most DoD installations. U.S. Air
Force Instruction 32-7065, for instance, calls for the establishment of procedures in Integrated Cultural
Resource Management Plans to minimize, during inventory or excavation, the numbers of collected materials that require permanent curation. Similarly, the U.S. Army (Army) discourages collection and directs
installations to limit collections, particularly during survey, by performing in-field analysis and limiting
the permanent curation of materials collected during mitigation to “diagnostic artifacts and other significant and environmentally sensitive material that will add important information to site interpretation”
(Army 2007:Section 6-4.e[5]). Identification of surface artifacts is performed in the field by field crews,
and only rare artifact types, such as projectile points and whole vessels, are collected.
As a result of limited-collection and no-collection policies, site classifications and, in many cases,
National Register of Historic Places (NRHP) evaluations are based on the results of in-field analyses. The
Arizona SHPO has also begun investigating the circumstances under which in-field analysis is conducted,
6

such that it may be conducted not only during inventory or evaluation projects but also during data recovery projects. Other states are poised to follow Arizona’s example.

The Impact and Implications of Limited-Collection and No-Collection
Policies
A recent Legacy-funded project (Archaeological Collections Management Procedures [Legacy Project
No. 06-319]) showed that within the DoD, collections generally are not made during surveys, although artifacts are often described, measured, photographed, and drawn in the field (Sagebiel et al. 2007). In some cases,
collections are restricted to diagnostic artifacts (those that provide cultural or temporal information) or artifacts
that are in imminent danger of destruction or of removal through illegal collection activities. If shovel tests are
necessary during survey because of ground cover, then any artifacts uncovered are collected. The particular
method and sampling strategy for collections made during testing and data recovery excavations are not usually covered in federal-agency guidelines. Instead, those decisions are left to lower-level entities (military installations, individual forests, etc.) or are determined on a project-by-project basis. Usually, federal entities follow the local-SHPO guidelines regarding collection.
In 2003, the SAA Advisory Committee on Curation noted that the development or implementation of
no-collection policies by federal and state agencies had been haphazard, at best. The committee further
observed that limiting collections during fieldwork “has huge implications for the future quality and usability of the collections cared for in the public and professional interest. Standards are needed to help determine the kinds and types of artifacts to be collected during survey, site testing, and excavation. Guidance is also needed on developing statistically valid sampling strategies and documenting all decisionmaking” (SAA Advisory Committee on Curation 2003:4).
In their report, Guidelines for the Field Collection of Archaeological Materials and Standard Operating Procedures for Curating Department of Defense Archaeological Collections (Legacy Project No. 981714), Griset and Kodack (1999:32) stated four reasons that no-collection surveys should be avoided:
1. Field identification of artifacts cannot be verified without a costly return to the field.
2. Future investigations, such as archaeometric tests, are not possible without a costly return to the field
to collect a sample.
3. No-collection policies are rarely strictly adhered to, leaving a biased and skewed sample.
4. A no-collection policy only works to conserve the archaeological record if it is followed up by intensive and aggressive monitoring practices, which are also costly.
The potential problems with no-collection policies are only amplified if applied to testing and data recovery efforts, because there may be no opportunity to verify results or to apply new artifact-analysis techniques. Instead of no-collection policies, Griset and Kodack (1999:32) recommended collection based on
practical, scientific, and replicable principles of statistical sampling.
The decision not to curate artifacts marks a break with archaeological tradition dating back to the
nineteenth century and places a tremendous burden on field archaeologists to make sure that their artifact
identifications are correct. But how accurate are in-field analyses? What classes of artifacts or artifact attributes can be recorded adequately in the field? Which artifact classes need laboratory analysis? Also,
which are likely to be revisited by future researchers in the laboratory? The answer to these questions is
“No one knows.” The purpose of this project is to begin to provide the DoD with good answers upon
which decisions about field recording and future curation can be based.

7

CHAPTER 2

Context and Methods

As discussed in Chapter 1, this project is an experimental project aimed at assessing the adequacy and accuracy of in-field and digital-photograph analyses of ceramic and lithic artifacts in comparison to handson laboratory analysis of the same artifacts. In order to replicate standard conditions under which CRM
investigations are conducted in the western United States, the in-field analysis was performed by field
technicians, and the digital-photograph and hands-on laboratory analyses were conducted by specialists
with specific training in ceramic or lithic analysis. Analyses were performed using a sample of artifacts
collected from two sites. The results of the analyses were assessed using a variety of quantitative and
qualitative methods for assessing the level of agreement between observers.
In this chapter, information is presented on the two sites investigated during the project, along with
information on field, laboratory, and analysis methods. One of the sites is located in southeastern Arizona, on Fort Huachuca. The site is on a ridge that overlooks a floodplain of Soldier Creek, on the
western side of the San Pedro River valley. The other site is in south-central New Mexico, on Fort Bliss
Military Reservation. The site is located on the eastern side of the Tularosa Basin, on an alluvial terrace
of El Paso Draw. Both of the sites investigated for the project are prehistoric habitation sites that date
primarily to the Formative period. At each site, a limited sample of ceramic and lithic artifacts was analyzed and collected.
To place the two investigated sites in context, the chapter begins with a brief culture history pertinent
to both sites. This is followed by specific information on each of the two sites, including information on
field methods or conditions specific to either site. After the culture history and site information are presented, general methods and tools for analyzing the artifacts are presented. The chapter ends with a discussion of the analytical approach and statistical methods used to evaluate the consistency and reliability
of the artifact-analysis results.

Culture History
This section presents the culture history pertinent to the interpretation of the two sites investigated during
the project. The culture history draws heavily from Heilen et al. (2012), Miller et al. (2009), Vanderpot
(2012), and Vierra (2012). The culture history focuses primarily on the prehistoric period in southeastern
Arizona (where Fort Huachuca is located) and south-central New Mexico (where the site investigated on
the Fort Bliss Military Reservation is located), because the artifacts analyzed as part of the project were
derived from prehistoric components at the two sites. The culture history begins with the Paleoindian period and ends with the protohistoric and historical periods.

The Paleoindian Period
The earliest people of the Americas were highly mobile hunter-gatherers who depended on large mammals, including now-extinct megafauna, for their subsistence. The Paleoindian period is traditionally divided into three periods, based on technology and land use: the Clovis, Folsom, and Late Paleoindian periods
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(Holliday 1997; Stanford 2005). In southeastern Arizona, the Paleoindian period is defined as dating from
ca. 11,500 to 8500 B.C. A longer and somewhat different span is attributed to the Paleoindian period in
south-central New Mexico, ca. 10,000–6000 B.C.
Of the several Paleoindian traditions, Clovis was the earliest and most widespread, having been
found throughout much of North America (Haynes 1993). Located in the San Pedro River valley near
Fort Huachuca is one of the most important concentrations of Clovis sites in North America; it includes
the sites of Naco, Escapule, Leikem, Navarrete, and Murray Springs (Huckell and Haynes 2007:222).
Paleoindian period sites are also likely present at Fort Huachuca, based on the discovery of a Clovis
projectile point fragment, a probable Paleoindian point midsection (Tagg 2011), and several sites with
Pleistocene faunal remains at Fort Huachuca (Cook 2003, 2004b, 2005b; Huckell 1982; Vanderpot
1997; Van West et al. 1997:146).
Paleoindian period sites discovered in south-central New Mexico have included those dating to the
Clovis, Folsom, and Late Paleoindian periods, and Folsom occupations appear to be most common.
Clovis finds in the vicinity of Fort Bliss have been comparatively few and scattered. During the Folsom
period, the ancient environment of the Tularosa Basin was characterized by a patchy distribution of grasslands and playas. Folsom groups are believed to have followed small herds of bison moving between
these foraging areas and to have established residential camps along the way. Most Folsom points were
made on local materials, suggesting that the territories of these groups may have been restricted in size.
Late Paleoindian period groups appear to have focused their activities more on resources located in
playa and ephemeral-stream settings than did their Folsom period predecessors. Late Paleoindian period
sites in the Tularosa Basin have been found across a wide range of topographic zones, including mountains and alluvial fans. Most finds have been located near major playas or along the margins of the Rio
Grande Valley (Carmichael 1986; Vierra 2012).

The Archaic Period
Following the Paleoindian period, the Archaic period was characterized by the broad-spectrum foraging
of diverse plant and animal resources, including both large- and small-game animals and many different
plant species. Increased focus on the collection and processing of plant materials, such as small seeds
from annual plants, is evident during the period. By the end of the Archaic period, subsistence increasingly focused on the encouragement, protection, and cultivation of wild plants and cultigens (Doolittle
and Mabry 2006).
The Archaic period in the Southwest was first defined in southeastern Arizona by Sayles and Antevs
(1941), who defined the Cochise tradition as consisting of three phases: Sulphur Springs, Chiricahua, and
San Pedro. Today, the Archaic period is conventionally divided into the Early, Middle, and Late Archaic
periods. The precise boundaries of the Archaic period and its subdivisions differ between southeastern
Arizona and south-central New Mexico. In southeastern Arizona, the Archaic period dates from 8500 B.C.
to A.D. 1; the period is divided into the Early Archaic (8500–4800 B.C.), Middle Archaic (4800–
1500 B.C.), and Late Archaic (1500 B.C.–A.D. 1) periods (Huckell 1984:136–142, 1995:16). In southcentral New Mexico, the period dates from 6000 B.C to A.D. 200. There, the Archaic period is also divided
into three periods, but the beginning and end dates are, compared to the periods defined for southeastern
Arizona, shifted forward in time: Early Archaic (6000–4000 B.C.), Middle Archaic (4000–1200 B.C.), and
Late Archaic (1200 B.C.–A.D. 200) (Miller and Kenmotsu 2004).
In both southeastern Arizona and south-central New Mexico, the Early Archaic period is poorly
known, largely because of a scarcity of sites dating to the period. Most finds consist of isolated projectile
points. The Early Archaic period sites that have been studied are characterized by milling equipment and
flaked stone tools. The Middle Archaic period is somewhat better understood and is characterized by base
camps that were positioned on the landscape to facilitate access to resources located in multiple environmental zones. Foraging strategies involved increased use of upland resources, including exploitation of
pinyon nuts. Middle Archaic period sites were frequently located close to water sources (e.g., river valleys,
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springs, and playas), and groups staged logistical trips from such sites to obtain resources (Vanderpot
1997; Vierra 2007).
The Late Archaic period is characterized by the appearance of maize agriculture by at least
ca. 1500 B.C. in southeastern Arizona and by 1200 B.C. in south-central New Mexico. Late Archaic period
lifestyles focused on a mixture of foraging and farming subsistence practices, increased dependence on
storage, decreased residential mobility and increased logistical mobility, and experimentation with ceramic technology. Reliance on maize agriculture may have been relatively low during that time, despite
the appearance of cultigens in the region. Settlement during the period appears to conform to a bimodal
settlement pattern in which lower-valley and alluvial settings were occupied in order to cultivate plants
and exploit such resources as rabbits, mesquite, and seeds from annual plants, and upland environments
were occupied in order to hunt artiodactyls and collect pinyon nuts and other plant foods. Some horticulture was performed at upland sites, as well (Anderson 1993; Bohrer 2007; Diehl 2005; Hard et al. 1996;
Lentz 2006; Mabry 1998; MacNeish 1993; Roney and Hard 2002, 2005; Tagg 1996; Upham et al. 1987;
Wegener et al. 2006; Whittlesey et al. 2007).

The Formative Period
The Formative period began with the widespread use of fully developed ceramic-container technology, a
change that may relate to increasing reliance on cultigens or the storage and cooking of specific cultivars,
such as beans and new varieties of floury maize (Deaver and Ciolek-Torrello 1995; Mabry 2005). Many
important changes in settlement, land use, subsistence, and regional interactions occurred during the Formative period, resulting in a dynamic and varied archaeological record. Major changes, for instance, came
with the appearance in Arizona, during the Middle Formative period, of the Hohokam, who built some of
the largest irrigation systems in the Americas, and with their subsequent apparent disappearance during
the Late Formative period (Whittlesey et al. 1994). A distinctive Mogollon culture also appeared during
that time in southeastern Arizona, southern New Mexico, and northern Mexico.
In southeastern Arizona, the Formative period (A.D. 1–1450) is divided into the Early Formative
(A.D. 1–700), Middle Formative (A.D. 700–1150), and Late Formative (A.D. 1150–1450) periods. The
Middle and Late Formative periods, respectively, have been further subdivided into the Middle Formative A (A.D. 750–950) and Middle Formative B (A.D. 950–1150) periods and Late Formative A
(A.D. 1150–1300) and Late Formative B (A.D. 1300–1450) periods. In south-central New Mexico, the
Formative period (A.D. 200–1450) has been divided into the Early Formative (A.D. 200–1000), Middle
Formative (A.D. 1000–1275/1300), and Late Formative (A.D. 1275/1300–1450) periods. These periods are
also referred to as the Mesilla, Doña Ana, and El Paso phases, respectively.

The Early Formative Period
In both southeastern Arizona and south-central New Mexico, the Early Formative period corresponds to a
transition from Archaic period lifestyles characterized by greater residential mobility and reliance on
hunting and gathering to more-settled lifestyles characterized by an increasing reliance on agriculture,
storage, village life, and ceramic-container technology. Agriculture appears to have become a central subsistence focus earlier in southeastern Arizona.
In southeastern Arizona, the first pottery to appear was a sand-tempered plain brown ware, in the
form of either small, neckless jars or outcurved bowls (Whittlesey and Heckman 2000:6). Slipped and
polished red wares characterized by larger vessel sizes and new forms appeared between A.D. 300 and
500. Brown pottery painted in simple red, broad-line patterns appeared throughout the region by A.D. 650
(Dean 1991). Subsistence relied partly on the farming of maize and other cultigens, and there was a corresponding decrease in residential mobility. Flaked stone technology during the period became increasingly
expedient, involving a simple core-and-flake technology, although the biface and ground-stone-tool technologies that characterized the Late Archaic period continued to be used. During the Early Formative pe11

riod in southeastern Arizona, people lived in bean-shaped structures and large, communal houses. Burials
took the form of both semiflexed inhumations and cremations (Deaver and Ciolek-Torrello 1995:484–
485). However, there is little direct evidence of Early Formative period occupations at Fort Huachuca.
In south-central New Mexico, site numbers and artifact densities associated with the Early Formative
period increased dramatically from the preceding Archaic period. As in southeastern Arizona, the use of
ceramic containers appeared during the Early Formative period in south-central New Mexico. Subsistence
during the Early Formative period appears to have remained focused more on foraging than farming,
however (Hard et al. 1996; Miller and Kenmotsu 2004; Whalen 1977, 1978). Early Formative period settlements were smaller than those of later periods and likely consisted of one household to a few households. Studies of macrobotanical remains have indicated that maize ubiquity was low during the Early
Formative period and was substantially less than that reported from Late Formative period sites; reliance
on cultigens may have been minimal. At present, it appears that cultivation supplemented a diet based on
foraging for wild-plant foods (Adams 2009; Goldborer 1985; Miller and Burt 2007; Miller and Kenmotsu
2004). Interestingly, evidence for the use of the bow and arrow in south-central New Mexico is from late
in the period; spears tipped with dart points continued to be used alongside the bow and arrow during that
time, suggesting the continued use of weapons systems common to earlier periods (Kelley 1984; Miller
and Kenmotsu 2004).

The Middle Formative Period
Clear differences in painted ceramic styles were apparent in southeastern Arizona by roughly A.D. 700,
and these, combined with other salient changes in material culture and social organization, mark the beginning of the Middle Formative period there. Unique configurations of architecture, mortuary practices,
iconography, and other aspects of material culture and site structure appeared during that time and signal
the emergence of distinctive cultural traditions in southern Arizona, including the Hohokam, Mogollon,
and Trincheras cultural traditions. The differences among these and other cultures in the greater Southwest increased throughout the period, such that different regions are often identified with specific groups.
For instance, in southeastern Arizona, distinctive Hohokam cultural traits, including buff ware pottery
and Hohokam iconography, are concentrated in the Santa Cruz River valley. By the end of the period,
Hohokam groups had developed large communities based on floodwater and irrigation farming, produced
red-on-brown painted pottery, established a regional exchange and communication network associated
with a ball-court complex, created a well-developed cremation burial ritual, and forged trade relations
with cultures to the south, including Trincheras groups in present-day northern Mexico. Farther to the
north, in the Phoenix Basin, the Gila-Salt Hohokam practiced similar lifeways but developed distinctive
cultural traditions that included the production of red-on-buff painted pottery and the development of exceptionally large and sophisticated canal irrigation systems (Whittlesey et al. 1994).
Cultural traits associated with the San Simon branch of the Mogollon culture appeared in southeastern
Arizona during that time (Sayles 1945; Van West et al. 1997; Whittlesey et al. 1994). During the early
and middle part of the period, Mogollon groups produced polished brown plain ware pottery, red-slipped
pottery, and red-on-brown painted pottery and constructed deep, bean-shaped or rectangular pit houses
that were clustered in hamlets or small villages. Corrugated utilitarian pottery was added to the repertoire
toward the end of the period, and surface structures built in contiguous room blocks replaced the pithouse villages. Room blocks contained rectangular kivas or ceremonial rooms, and they were built around
public spaces.
On Fort Huachuca, Middle Formative period sites include habitations, rock-feature sites, and artifact
scatters. Architectural features dating to the period appear to have been pit structures rather than surface
structures. Most Middle Formative period sites on Fort Huachuca are clustered in two areas: along Soldier
Creek and at the mouth of Garden Canyon. The Soldier Creek (AZ EE:7:164 [AMS]) and Garden Canyon
(AZ EE:11:13 [ASM]) sites are the most important habitation sites dating to the Middle Formative period;
both are interpreted as having been hamlets. Much of the pottery from these sites is similar to that of
the Tucson Basin Hohokam, but some ceramic artifacts are similar in design to San Simon–series and
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Dragoon-tradition pottery. Sherds corresponding to San Simon series or Dragoon tradition decorated
types include Encinas Red-on-brown, Cascabel Red-on-brown, and Dragoon Red-on-brown. Trincheras
Purple-on-red, San Francisco Red, and obliterated indented corrugated sherds also have been found, in
rare instances, at Middle Formative period sites on Fort Huachuca.
In south-central New Mexico, the Middle Formative period (or Doña Ana phase) is considered to
represent the pit-house-to-pueblo transition (Carmichael 1986). During that period, occupational intensity is inferred to have increased dramatically from the preceding Early Formative period, though not
necessarily as a result of agricultural intensification. Middle Formative period sites in the southern Tularosa Basin are generally large, and they contain middens more frequently than do earlier and later
sites. The frequent presence of pestles at Middle Formative period sites suggests the continued use of
mesquite as an important resource; the abundance of rabbit bone in middens testifies to a focus on the
hunting of small mammals.
Middle Formative period sites in the Tularosa Basin are typically identified through the detailed study
of ceramic types and frequencies (Hard et al. 1994) but can be difficult to distinguish from multicomponent sites representing discrete occupations during multiple phases. In general, the Doña Ana phase is
considered to represent increased reliance on agriculture and intensified plant exploitation, including the
use of rock-lined roasting features for plant processing.
Although investigators have noted some indications of aboveground adobe structures at Middle Formative period sites in the Tularosa Basin, the few sites that have been excavated have tended to contain
pit structures. In the beginning of the Middle Formative period, pit structures were often rectangular or
subrectangular in plan view, suggesting a potentially greater investment in architecture and increased
residential stability than would be indicated by circular or bean-shaped structures (Miller 2005). Differences in ceramic traditions at Middle Formative period settlements between the northern and southern Tularosa Basin suggest that the basin began to be divided into two culturally distinctive areas during that period or that ceramics were obtained through different exchange networks in the northern and southern
portions of the basin (Vierra, Hanselka, and Windingstad 2010).
Recent excavations of Middle Formative period sites situated in the foothills of the Sacramento
Mountains have recovered diverse plant remains, including agave, yucca, cheno-ams, pricklypear, strawberry cactus, cholla, grass, mesquite, and sotol (Miller et al. 2011), from burned-rock features. Foraging
strategies appear to have involved the intensified exploitation of lower-ranked resources, such as cacti.
Agave and cacti may have been used most intensively during the spring, when winter stores were exhausted, or throughout the year, during periods of resource shortfalls, such as times of drought. Indeed,
the Middle Formative period is characterized by extreme shifts in precipitation that may have required adjustments to foraging and farming strategies for variation in precipitation. Subsistence activities are hypothesized to have focused on alluvial-fan and playa settings during wet years and the use of succulents in
upland settings during dry years (Anderies et al. 2008; Dering 2005; Vierra 2012).

The Late Formative Period
The Late Formative period is marked by widespread changes throughout the greater Southwest, including sociopolitical and economic reorganization, population movement, and changes in architectural
styles and iconography (Adler 1996; Clark 2001; Clark et al. 2006; Hill et al. 2004; Lyons 2003; Nelson 1999; Spielmann 1998). The timing and nature of these changes varied throughout the region and
affected the various populations differently. In southern Arizona, platform mounds replaced ball courts
as the primary form of communal architecture, and pit houses were replaced first by adobe-lined,
semisubterranean pit rooms and later by adobe surface structures organized into room blocks. In the
Tucson Basin, ceramic assemblages were dominated by Tanque Verde Red-on-brown pottery in the
Late Formative A period, and polychrome styles were abundant during the Late Formative B period.
Farther east, the Salado phenomenon emerged at that time, as indicated by the appearance of Salado
iconography and architecture and the production of distinctively painted ceramic vessels (Crown 1994;
Dean 2000). Many sites in the lower San Pedro Valley exhibit characteristics attributed to the Salado
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phenomenon, including adobe-and-cobble masonry architecture, single-story room blocks organized
around a central plaza, and abundant Salado ceramics.
Evidence for the influx of northern groups from the Kayenta/Tusayan region during that time has
also been recorded at a number of sites in the lower San Pedro Valley, at least 100 km north of Fort
Huachuca (Clark et al. 2006; Di Peso 1958; Lindsay 1987; Lyons 2003; Woodson 1999). Sites located
closer to Fort Huachuca, in the middle and upper San Pedro Valley, display characteristics that suggest
that during the Late Formative B period, some groups in southeastern Arizona were influenced by the
expansive Casas Grandes interaction sphere located to the south and east of Fort Huachuca (Altschul
et al. forthcoming; Van West et al. 1997). Ceramic assemblages from that time are dominated by locally produced Babocomari Plain and Chihuahuan-inspired Babocomari Polychrome wares. Rectangular surface structures were constructed from puddled adobe or adobe-and-cobble masonry and were arranged around courtyards or plazas.
Late Formative period sites at Fort Huachuca include habitations, rock-feature sites, artifact scatters,
and rock-art panels within rockshelters. The major Late Formative period site at Fort Huachuca is the
Garden Canyon site, which had become a village by that time. Of the Late Formative period sites outside
the fort, the most important is Babocomari Village (AZ EE:7:1 [ASM]), partly because it is the only Late
Formative period site in the area that has been extensively excavated and fully reported (Di Peso 1951).
Diagnostic artifacts at Late Formative period sites on Fort Huachuca include locally produced Babocomari Plain and Polychrome ceramics and imported (or emulated) ceramics, such as Gila Red, Belford
Red, Tanque Verde Red-on-brown, Gila Polychrome, Santa Cruz Polychrome, and brown corrugated
ware (Van West et al. 1997:179).
In the Tularosa Basin, reliance on maize agriculture appears to have reached its apogee during the
Late Formative period. Late Formative period sites tended to be large and clustered in their distribution.
High artifact densities suggest that sites were more intensively used than in earlier periods. Variability in
architecture and site structure during the Late Formative period suggests differences in social organization
and identity among sites. For instance, some villages consist of isolated or linear room blocks, and others
consist of pueblos oriented around central plazas. In addition, some villages include structures built according to multiple architectural traditions. One interpretation of this variability is that Late Formative period sites in the Tularosa Basin represent multiethnic villages in which inhabitants from multiple Pueblo
communities co-resided with each other (Kemrer 2006).
Late Formative period sites in the Tularosa Basin appear to represent a change in settlement distribution that coincides with an increased dependence on maize cultivation. These sites tend to be located in a
variety of settings, including on alluvial fans, near playa depressions, and in upland locations (Carmichael
1986; Church et al. 2002; Kludt 2007; Leckman et al. 2009; Mauldin 1986). Several reservoirs dating to
the Late Formative period have been discovered in the southern Tularosa Basin, indicating an increased
investment in water control coincident with increased occupational intensity and maize cultivation (Leach
et al. 1993; MacWilliams et al. 2009). A pattern of dual residences in upland and lowland locations may
have also emerged during the Late Formative period (Kemrer 2008; Mauldin 1986). Vierra, Leckman,
and Heckman (2010) have argued that the locations of Late Formative period fields varied with respect to
annual rainfall: fields were located near playas and on alluvial fans during periods of high or average annual rainfall, on alluvial fans during periods of average rainfall, and at higher elevations in the Sacramento Mountains during periods of low annual rainfall.
Based on differences in ceramic types, Whalen (1978) has argued that occupation of the southern
Tularosa Basin shifted from the eastern to the western side of the basin during the Late Formative period. Similarly, Lekson and Rorex (1994) observed that Late Formative period villages tended to be located in the foothills and canyons of the San Andres Mountains, on the western side of the basin. Overall, Late Formative period settlement represents a continuation of land-use strategies that appeared
during the Middle Formative period (Vierra, Leckman, and Heckman 2010:13). By the end of the Late
Formative period, upland groups began to move into the area of the San Andres Mountains, on the
western side of the basin. Social conflict and warfare may explain these moves, because environmental pressures (e.g., drought) do not appear to have been a factor (Kemrer 2006; Wiseman 1997).
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In addition, foraging groups moved into the region, followed by Athabaskan groups during the fifteenth
century (Seymour 2002). The arrival of foraging groups may have resulted in a changing interaction
sphere among local residents and more-recent immigrants. The Pueblo occupation of the Tularosa Basin appears to have ended by A.D. 1450, a change that may have been triggered by two extreme
droughts occurring in A.D. 1405–1415 and ca. A.D. 1445–1450 (Grissino-Mayer et al. 1997). Drought
may have resulted in increased competition over resources and resource depression, and possible evidence for warfare and violent conflict has been found at several sites (Hunter 1988; Miller and Graves
2009; Miller and Kenmotsu 2004; Seymour 2002).

Protohistoric and Historical Periods
Our understanding of the indigenous populations in southeastern Arizona and south-central New Mexico
after the fifteenth century is limited and primarily comes from European historical documents. After
ca. A.D. 1450, the settled villages that characterized the San Pedro Valley and the Tularosa Basin were
depopulated. European explorers first ventured into southern Arizona in the sixteenth century, and early
accounts indicated that the prehistoric populations of southern Arizona had been replaced by Upper Piman peoples. These groups established large settlements in the Santa Cruz and San Pedro River valleys
and farmed the productive floodplains (Ravesloot and Whittlesey 1987; Seymour 1989). At some point
during that time, bands of Chiricahua Apache expanded into the area, and Western Apache bands routinely traveled the region. These groups were highly effective raiders who viewed the agrarian populations of southern Arizona as an important subsistence resource (Basso 1983). By the end of the 1600s,
Apache raids were common in the area, leading to frequent violent conflict and population movement.
Diseases to which the indigenous populations had little resistance, introduced to the region by Europeans,
also wreaked havoc on communities, causing devastating loss of life and undermining traditional subsistence practices and social systems (Reff 1991).
Major changes in settlement and social organization also appear to have occurred after A.D. 1450 in
the Tularosa Basin, particularly with the arrival of mobile and aggressive Athabaskan groups in the region, but archaeological or documentary information is scant. Prior to the arrival of Spaniards in
A.D. 1581, the Tularosa Basin was used most heavily by Mescalero Apache, whose territory centered
on the mountain ranges surrounding the basin. Organized into relatively small bands based on kinship,
the Mescalero Apache consisted of highly mobile groups whose subsistence depended on hunting,
wild-plant collection, trade with agricultural Pueblo settlements, raiding of settlements for supplies and
personnel, and some horticulture. Major food sources included buffalo meat obtained from the Plains as
well as agave.
In the vicinity of the Tularosa Basin, Apache settlements depended on spring locations in the Organ,
Sacramento, and San Andres Mountains surrounding the Tularosa Basin rather than within the basin itself. The basin was used mainly for hunting and gathering as well as for travel; moreover, the Apache
threat appears to have kept other indigenous groups from using the basin (Basehart 1971; Faunce 2000;
Opler and Opler 1950; Worcester 1941, 1979). The limited use of the basin, especially for residential purposes, left few traces in the archaeological record regarding the Apache presence.
The threat of Apache raiding activities was a severe impediment to use of the San Pedro River valley
and the Tularosa Basin by Spaniards, Mexicans, and subsequent American settlers for the first several
centuries of Euroamerican occupation of the region. While under control of the Spanish or Mexican governments, the Tularosa Basin was accessed mostly to obtain salt from Lake Lucero and other deposits, but
otherwise, the basin was considered a desolate and largely uninhabitable area because of both the Apache
threat and a lack of reliable water resources. Some livestock grazing in the southern portion of the Tularosa Basin and limited mining in nearby mountains occurred during the late eighteenth and early nineteenth centuries but still left few traces in the archaeological record because of fairly fleeting use of basin
environments. Similarly, the San Pedro River valley was used to a limited extent during that time for agriculture, ranching, and mining, but settlements were often abandoned as a result of raiding activities.
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With the acquisition of southern Arizona and southern New Mexico by the United States following
the Mexican-American War and the treaty of Guadalupe Hidalgo, the San Pedro River valley and the Tularosa Basin began to be increasingly used for ranching, mining, and transportation as well as military activities. In both areas, ranches were established in many locations to exploit the extensive grasslands present at the time, and railroads were eventually established by the end of the nineteenth century.

Establishment of Fort Bliss and Fort Huachuca
In 1877, Camp Huachuca was established near the current location of the Old Post on Fort Huachuca, and
it was upgraded to a fort in 1882 (Thiel 2005:6). The camp was established to protect settlers in the San
Pedro and Santa Cruz River valleys from Apache raiding activities and to fulfill an agreement made in the
Treaty of Guadalupe Hidalgo that the United States would prevent raiding parties from entering Mexico.
The location of the camp, in a canyon along a well-watered creek, provided access to shelter and water
and was considered a prime location for monitoring Apache movement (Rolak 1974). In the 1890s, black
troops from the 24th and 25th Infantry and 9th Cavalry were temporarily stationed at Fort Huachuca for
brief periods. The 10th Cavalry, another black unit, was moved to Fort Huachuca in 1913, and they were
the only Army unit stationed at the fort until 1927. After 1927, the 10th Cavalry was joined by the 3rd
Battalion, Headquarters, and Service Company of the 25th Infantry, another group of black troops. In
1931, Fort Huachuca ceased to operate as a cavalry post (Van West et al. 1997:300–301). During World
War II, Fort Huachuca became a major training center for black troops (Smith 2001).
Fort Huachuca was deactivated in 1947. Control of the Fort was slated to be transferred to the State of
Arizona for use by the Arizona National Guard and the Arizona Game and Fish Department in 1949, but
the transfer was never finalized, although Arizona Game and Fish did run buffalo on the fort at that time.
In 1951, Fort Huachuca was reactivated for the Korean War but was shut down again in 1953. In 1954,
Fort Huachuca reopened under the control of the Army Signal Corps and was named the site of the Army
Proving Ground (Trousil 2001:42; Van West et al. 1997:314–315). That same year, the Electronic Proving Ground was established on the fort. Thereafter, the Army assigned programs in military intelligence,
research, and training to the post. In 1967, Fort Huachuca became the headquarters for the Army Strategic
Communications Command, later renamed the Army Communications Command. The Army Communications Management Information Systems Activity was moved to Fort Huachuca in 1973. Eventually, the
Army Communications Command and the Army Communications Management Information Systems Activity combined to form the Army Information Systems Command. In 1971, the Army Intelligence Center
and School was established at Fort Huachuca (Trousil 2001:42–43). In 1974, the Old Post was listed in
the NRHP as a district, and in 1976, the Fort Huachuca Historic District expanded and was named a National Historic Landmark. Today, Fort Huachuca is the headquarters for the Army Intelligence Center of
Excellence and School and the Army Network Enterprise Technology Command/9th Signal Command,
formerly the Army Signal Command (U.S. Fish and Wildlife Service 2007:4).
Fort Bliss Military Reservation had its beginnings in November 1848, when the U.S. War Department
ordered the 3rd Infantry to take up quarters in El Paso, Texas. Originally called the “Post of El Paso,” the
post was closed in September 1851, only to be reestablished in January 1854 at a new location 5 km
(3 miles) east of the original post. A few months after being reestablished, the post was renamed “Fort
Bliss,” after William Wallace Smith Bliss, a veteran of the Mexican War (Metz 1988:38–40). The fort
was subsequently moved several other times before moving to its current location in 1893. In its early
years, Fort Bliss was one of a series of forts located between Santa Fe, New Mexico, and San Antonio,
Texas, that were intended to protect the expanding U.S. nation against hostile groups inhabiting the region. Although it was relatively small during the nineteenth century, troop strength at the fort was increased dramatically to 50,000 men in 1910, after the Mexican Revolution, and it was transformed from
an infantry station to the largest cavalry post in the United States. The fort remained a post of the
mounted U.S. Cavalry until 1943, when the U.S. Cavalry transitioned into using armored vehicles in
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place of livestock mounts. By that time, the fort was used primarily as an artillery post (Harris and Sadler
1993; Jamieson 1993; McMaster 1962).
Since World War II, the focus of most military activity at Fort Bliss has been on the training and testing of air-defense systems. The Anti-Aircraft Training Center was established by the Army at Fort Bliss
in 1940, and by the end of World War II, Fort Bliss had established the nation’s first guided-missile unit.
Training and testing of air-defense systems continued at Fort Bliss during the Cold War and during the
Gulf War of 1990–1991. As a result of the Base Realignment and Closure of 2005, the Air Defense Artillery Center and Air Defense Artillery School were moved from Fort Bliss to Fort Sill, Oklahoma. Fort
Bliss was then transformed into a heavy-armor-training post. Today, the 1.1-million-acre reservation consists of guided-missile ranges and maneuver and training areas. The Main Cantonment is located adjacent
to El Paso, Texas, but much of the reservation is in south-central New Mexico, as is the project site.

Project Sites
In consultation with the cultural resource managers for the two installations participating in this project,
Fort Bliss and Fort Huachuca, two sites were selected for investigation, one at each installation. The
site located on Fort Bliss Military Reservation, FB 9583, was one of three sites (FB 9583, FB 9617, and
FB 18878) investigated recently as part of a mitigation project on Fort Bliss. The goal of the project
was to minimize adverse effects on the three sites by recovering data that addressed the research questions presented in the plan of work (Vierra et al. 2011). FB 9583, which had been discovered during a
previous survey (Hanselka et al. 2010), was selected for inclusion in the current project because it had a
suitable number and diversity of ceramic and lithic artifacts. The mitigation project that included investigation of FB 9583 dovetailed nicely with the current project, allowing the in-field and laboratory
analyses to be performed in tandem with the mitigation efforts without affecting the schedule or cost of
the mitigation project.
The other site investigated for the current project was the Soldier Creek site on Fort Huachuca. The
Soldier Creek site had been recorded during two previous surveys (Cook 2004; Vanderpot 1994:86–92)
and was selected by the cultural resource managers as a site that would have been especially important to
interpret accurately for management concerns and could produce a suitably large and diverse collection of
ceramic and lithic artifacts for analysis.

FB 9853
FB 9853 is a large artifact scatter with features interpreted as a prehistoric campsite that is situated on a
middle to late Pleistocene alluvial terrace along the western bank of El Paso Draw, in a location where a
canyon floor expands to form a broad valley (Hanselka et al. 2010:127–130) (Figure 2). The site is located in the foothills of the Sacramento Mountains, on the eastern side of the southern Tularosa Basin,
along the edge of Otero Mesa, a vast grassland that has been described as rivaling the Serengeti in the
lushness of its grassland ecosystem (New Mexico Wilderness Alliance 2013). The local environment surrounding the site is characterized by rocky limestone hills divided by small drainages and arroyos. Vegetation is dominated by grasses, especially black grama and blue grama. Creosotebush, mesquite, soaptree
yucca, Torrey’s yucca, and cholla are also relatively common. Dense stands of desert willow, javelina
bush, littleleaf sumac, and mesquite are found in riparian areas associated with El Paso Draw. Sediments
at the site are characterized by calcareous alluvium and colluvium/slopewash. Pockets of alluvium, sometimes as much as 5 m deep, are exposed at the site along the steep banks of El Paso Draw. Erosion resulting from several small rills that drain the surrounding hillsides has affected deposits in the northern and
western parts of the site. Other disturbances to the site include a historical-period two-track road that runs
along the northern end of the site and along the western portion of the site.
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Figure 2. The physical environment of FB 9853, Fort Bliss
Military Reservation, New Mexico, view to the northwest.

FB 9853 was originally documented by Beckes et al. (1977), who described the site as a large occupational area with more than 50 fire-cracked-rock (FCR) concentrations and middens. More recently, Hanselka et al. (2010) described FB 9853 as a multicomponent campsite and possibly a seasonal residential
site with approximately 100 FCR middens and concentrations and a single stain. Features were clustered
in the southern half of the site. At least 20 of the features were identified as containing potentially datable
fill. Hanselka et al. (2010) identified more than 500 ceramic and lithic artifacts at the site; diagnostic artifacts indicated that the site was used during the Late Archaic and Formative periods. It was interpreted as
being in an ideal location for runoff farming and was recommended eligible for listing in the NRHP on
the basis of its setting, the large numbers of datable artifacts, and the likely presence of intact buried features and datable deposits.
The mitigation effort conducted in 2012 revealed the presence of 34 FCR middens, 63 FCR concentrations, and 1 stain interpreted as an occupation surface (Vierra and Ward 2012). As part of the mitigation project, 10 of the originally documented FCR middens and concentrations were partly excavated. In
addition, the occupation surface was exposed and excavated, and 8 pit subfeatures were partly or fully excavated. Radiocarbon dates obtained on materials excavated from the site indicated site use during the
Formative period, between 1510–1350 and 650–540 cal yr B.P.
To relocate the site, SRI staff used a mapping-grade Global Positioning System (GPS) receiver
loaded with geospatial data representing the locations of the previously recorded site boundaries, datums,
and features. Once these attributes were relocated, the GPS unit was used to establish Universal Transverse Mercator North American Datum 1983 coordinates for new site-mapping datums and backsight locations. A total station was used for site mapping. All point-provenienced surface-collection locations
corresponding to the artifacts analyzed for the current project were mapped, using the total station and established site datums (as were all backhoe trenches, hand-stripping units, excavation units, surfacecollection units, features, subfeatures, mapping nails, and important modern or natural features).
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Flaked stone, ground stone, and identifiable decorated ceramics at FB 9583 were point-plotted and
collected from across the site. Data from the previous SRI survey of the site (Hanselka et al. 2010) were
used to locate the recording units in which these artifacts had previously been identified on the site surface. The recording units were then field inspected, and items were collected. Collected artifacts were
bagged by unit and separated into general material categories, such as flaked stone and ceramics; each artifact was assigned a single provenience designation (PD) number so that the identifications of individual
artifacts resulting from separate in-field and laboratory analyses could be directly compared.
Lithic artifacts collected from the site, a sample of which was analyzed as part of this project, included cores, debitage, retouched tools, and ground stone tools. Most lithic artifacts were made on chert,
and around one-fifth of the artifacts were made on limestone. In rare cases, lithic artifacts were made on
chalcedony, obsidian, quartzite, rhyolite, or sandstone. Ceramic artifacts from the site indicated that the
site was occupied during the Middle Formative (A.D. 1000–1275/1300) and/or Late Formative
(A.D. 1275/1300–1450) period. El Paso Brown rim sherds and sherds associated with El Paso Bichrome
and nonlocal wares placed the site within the Middle Formative period; however, El Paso Polychrome
sherds, which were most common during the Late Formative period, represented more than half
(57 percent) of the diagnostic ceramics from the site. Evidence of food resources from macrobotanical
and pollen analyses included pricklypear (Opuntia spp.) and hedgehog cactus (Echinocereus spp.) seeds,
maize (Zea mays) cupules and pollen from maize, squash (Cucurbitaceae), cattail (Typha), cholla (Opuntia spp.), pricklypear, cactus family (Cactaceae), lily family (Liliaceae), grasses, and cheno-ams (Chenopodium/Amaranthus). Faunal remains from the site included those of cottontails (Sylvilagus spp.), jackrabbits (Lepus spp.), artiodactyls, and carnivores as well as a fragment of marine shell.

The Soldier Creek Site
The Soldier Creek site was a large, intensively utilized Formative period habitation site located near the
end of a broad ridge that overlooks a wide, grass-covered floodplain of Soldier Creek in southeastern Arizona (Figure 3). The site was originally recorded by Vanderpot (1994) during survey and was rerecorded
during a subsequent survey by Cook (2004). Sediments at the site consist of mixed gravel and loamy alluvium. Vegetation is dominated by mesquite; desert broom, burroweed, and cholla are also present. The
site consists of an extensive ceramic and lithic scatter, five trash mounds, and two rock-ring features. An
isolated historical-period trash scatter and modern artifacts associated with military activity are also present at the site.
Lithics recorded at the site during previous investigations consisted mostly of debitage and cores
made on a variety of raw materials, including chert, jasper, hornfels, quartzite, quartz, chalcedony, rhyolite, and andesite. One piece of obsidian has also been observed. Flaked stone tools previously identified
at the site included modified flakes, a scraper, core/chopper tools, tool blanks, and two projectile points.
Ground stone artifacts previously identified at the site—all of which were made on granite, quartzite, or
an unidentified material—consisted of at least six fragments from basin metates, a trough-metate fragment, and four manos. Ceramics consisted of a variety of painted and plain wares, including wares associated with the Tucson Basin, Dragoon, and Babocomari ceramic traditions (Heckman et al. 2000). Although pit-house features are suspected to be present, based on the presence of trash mounds, they have
not been observed on the site surface.
When first recorded by Vanderpot (1994), thousands of artifacts were noted at the site, including hundreds on the surfaces of individual trash mounds. When rerecorded by Cook (2004), however, the surface
characteristics of the site had changed; only 110 flaked stone artifacts, 102 ceramic artifacts, and 7 ground
stone artifacts were noted. Erosion was inferred to have caused changes to the site surface between recording episodes. In addition to erosion, the site has been impacted by vehicle traffic and modern military
activity; at least one feature (Feature 2) has been directly impacted by modern activities. Multiple collections have also been made from the site, including a substantial number of decorated sherds. Visits to the
site by the Fort Huachuca cultural resource manager in July 2011, at a time when visibility was excellent,
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Figure 3. Field crew recording artifacts at the Soldier Creek site
(AZ EE:7:164 [ASM]), Fort Huachuca, Arizona, view to the northwest.

revealed that the number of artifacts visible on the surface of the site had increased since Cook’s recording of the site in 2002, and diverse artifacts were visible on the surfaces of trash mounds at the site.
The site was thus considered to be a viable candidate for the current study.
Permission to conduct investigations and collect artifacts from the site in support of the current project involved extensive consultation with the Advisory Council on Historic Preservation (ACHP), the
Arizona SHPO, and other relevant stakeholders, including Native American tribes. To initiate consultation, Fort Huachuca discussed with the Arizona SHPO the potential for artifact collection at the Soldier
Creek site, and the Arizona SHPO identified artifact collection as an adverse effect. This finding suggested the need for consultation with Native American tribes with an interest in historic properties on Fort
Huachuca. Of the tribes consulted, the Tohono O’odham Nation (TON) registered concerns about collecting artifacts from a site that was not being disturbed. As an adverse effect, artifact collection as originally
proposed for the project would have required the drafting of a Memorandum of Agreement (MOA) and
associated input from the ACHP. Consultation regarding these concerns led to agreement on a revised
strategy of returning the artifacts to the site after laboratory analysis. This strategy eliminated the adverse
effect for the Arizona SHPO and the TON and, by extension, eliminated the need for the MOA or for
ACHP input. This led to a work plan detailing how the project was to be conducted at the Soldier Creek
site (see Appendix A). The scope of work indicated that each of the trash mounds would be sampled, because the number and diversity of artifacts in each trash mound could potentially be limited. However,
when field investigations were conducted for the current project, an adequate number and diversity of artifacts were observed as present on the surfaces of the trash mounds, making sampling of each of the four
trash mounds unnecessary.
The ACHP and the Arizona SHPO agreed that if artifacts collected during the course of the project
were returned to the field by the end of the project, rather than curated, there would be no adverse effect
on the Soldier Creek site. Thus, the collected artifacts were analyzed and photographed in the field and
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subsequently analyzed in the laboratory before being returned to their original collection units. To ensure
that collected artifacts were returned to the site in close proximity to their original positions in the field,
artifacts were point-provenienced, and photographs, each including a metric scale and a north arrow, were
taken of the surface contexts and the positions of the investigated artifacts prior to their collection.

Methods
Field recording of artifacts was performed using SRI’s system for recording provenience information for
artifacts, features, and sample units. Following widely accepted conventions for identifying the discovery
locations of artifacts, samples, and activity areas, this system provides a separate list of PD numbers for
each archaeological site and assigns a unique number to every space that contains features, artifacts, or
other archaeological units. For this project, all of the PD numbers of the collected artifacts and their associated in-field and laboratory observations were entered into SRI’s relational database (SRID). This facilitated comparison between the in-field and laboratory analyses of both the physical artifacts and the digital
photographs of the artifacts.
Digital photographs were taken of the obverse and reverse surfaces of each artifact (e.g., the interior
and exterior surfaces of a ceramic artifact) (Figures 4 and 5); a scale was included in each photograph. All
photographs were documented in a photograph log, such that each individual artifact could be clearly
identified and related to its analysis data.
In total, 20 ceramic artifacts and 105 lithic artifacts from FB 9583 and 345 ceramic artifacts and
150 lithic artifacts from the Soldier Creek site were analyzed. The artifacts analyzed from the Soldier
Creek site included 2 projectile points and 11 ceramic sherds that had been collected from the site prior to
the project and curated by either the Arizona State Museum (ASM) or Fort Huachuca. All ceramic materials collected during the project were classified into traditional ware and type categories, to the finest
level possible. Lithic analysis focused on the identification of artifact types, raw-material types, and technological attributes. In some cases, specific quantitative methods were used to calculate measures, such as
estimated vessel counts or the precision of temporal affiliations. Because these methods are specific to either the ceramic or the lithic analysis, they are presented in the chapters that assess the results of the ceramic and lithic analyses (Chapters 3 and 4, respectively).
Each artifact to be collected was identified in the field by a field technician, who identified the artifact
according to type and relevant technological attributes, depending on material class. The same artifacts
were analyzed a second time by another field technician, using the provenience information and artifact
identifiers established during the first recording. In the rare instances in which questions arose regarding
which artifacts pertained to particular PDs, digital photographs and photograph logs were reviewed to ensure that the correct artifacts were analyzed. After being analyzed a second time in the field, the artifacts
were collected; standardized procedures for the collection and storage of artifacts (in accordance with
36 CFR 79 and established curatorial standards and guidelines) were followed.

Laboratory Artifact Analysis
Laboratory processing followed established SRI guidelines that meet all the requirements of the ASM and
the Directorate of Public Works, Environmental Division, Conservation Branch, of Fort Bliss (Fort Bliss
2012). Archival-quality storage materials were used. Computerized inventories of artifacts, proveniences,
and catalog lists were maintained by the laboratory. Computer files, databases, and inventories were regularly backed up, and copies of all records were kept in fireproof facilities. The laboratory analyses and recording of collected artifacts mirrored the in-field recording.
The physical artifacts, along with digital photographs of the artifacts, were analyzed in the laboratory
by separate analysts. A ceramic analyst analyzed only the digital photographs of the ceramic artifacts collected
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Figure 4. Digital field photographs of the (a) interior and
(b) exterior surfaces of a Dragoon Red-on-brown ceramic rim
sherd documented during fieldwork at the Soldier Creek site
(AZ EE:7:164 [ASM]), Fort Huachuca, Arizona.

Figure 5. Digital field photographs of the (a) obverse and
(b) reverse surfaces of a chert biface documented during fieldwork
at FB 9853, Fort Bliss Military Reservation, New Mexico.
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from each site; a lithic analyst analyzed only the digital photographs of the lithic artifacts collected from
each site. In both cases, the digital photographs were displayed on computer monitors during analysis.
The physical ceramic and lithic artifacts were analyzed separately, in a laboratory setting, by a different
ceramic analyst and a different lithic analyst, respectively. To ensure independence of analyses, the analysts who examined only the digital photographs were not provided the opportunity to examine the physical artifacts or to revise identifications after the digital-photograph analysis had been completed.

Methods for Assessing Artifact-Identification Results
In assessing the artifact-identification results, it is important to recognize that different ceramic specialists
performed the hands-on and digital-photograph laboratory analyses, and different field technicians performed each of the in-field analyses, as discussed above. Field technicians and ceramic specialists made
their observations independently of other analyses and were not permitted to view the results of other
analyses of the same collected artifacts.
Another important factor to consider is that the artifact types and attributes identified during the project all conformed to the same typological systems. Descriptions of specific artifact types and methods of
identification are described in technical field manuals that were provided to the analysts prior to and during fieldwork and analysis. Thus, discrepancies among analyses in artifact identification did not result
from the application of different typological systems but reflect different choices made by the analysts in
placing an artifact within a standardized, defined, and mutually recognized typological category.
Another factor to consider is that all identifications were entered into a sophisticated relational database system (SRID) for which data entry is tightly controlled. Data entry in SRID is funneled from lessspecific attributes and observations to more-specific observations. For example, if the user selects “flaked
stone” from the initial drop-down list, then the remaining observations, attributes, and choices on the
drop-down lists are limited to only those observations and attributes relevant to a flaked stone artifact.
The entered data are also relationally tied to other attribute data, such that associated attributes (e.g., the
associated date range for a specific ceramic type) can be filled in automatically, based on related attribute
information; logically inconsistent data entries are not permitted, such as identifying the artifact class of
an artifact typed as a mano as “flaked stone artifact” rather than “ground/battered stone artifact.” Data entry was quality controlled to ensure that mistakes or transcription errors, such as entering the wrong attributes for a specific PD number, were prevented. All of these factors helped to ensure that discrepancies
in the artifact-attribute data between analyses actually reflect discrepancies in artifact classification rather
than data-entry mistakes or differences in typology, attribute definitions, or labels.
A final issue of importance in assessing the level of agreement among the artifact analyses conducted for the project is that the identifications result in the correspondence of categorical data to specific artifact types or attributes. None of the data collected as part of the artifact analysis are continuous
measurements, such as linear measurements of an artifact’s dimensions. Thus, the approaches applied
to evaluating the results were based on methods for assessing interobserver variation in categorical,
rather than continuous, observations. Statistics developed for assessing interobserver variation in continuous or ratio-scale measurements, though more commonly applied in assessing interobserver variation, could not be usefully applied.

Analytical Approach
In general, discrepancies among observers making scientific observations of the same objects or phenomena are to be expected. Discrepancies can result from instrumentation error, variation in the application of
measurement or observation techniques, mistakes, observer bias, or other factors. Observer bias can result
from different or imprecise definitions of observational categories, differences in interpretation or perception, or variation among observers in experience or training. Differences between sets of observations can
also occur when observations are made at different times by the same investigator (as a result of a subtle
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shift over time in the definitions or methods applied in making observations) or as a result of changes in
instrumentation or environmental conditions (Adams and Adams 1991; Beck and Jones 1989; Brennan
and Silman 1992; Caro et al. 1979; Dibble and Bernard 1980; Fish 1978; Lyman and VanPool 2009; Majewski and O’Brien 1987; Neuman et al. 1999; Whittaker et al. 1998).
Interobserver variation is traditionally divided into three categories: random variation, systematic
variation, and illegitimate variation (Beers 1957; Daniels 1972). Random variation is generally described
as occurring as a result of unpredictable variation in the conditions of an experiment, such as changes in
environmental conditions or measurement instruments. For ratio-scale variables, random errors should
have no effect on the central tendency of a measurement but will effect the variance of a measurement
(with more random error resulting in a larger variance). In the context of the current project, random error
could have resulted from such factors as variation in the environmental conditions in which observations
were made, variation in the quality of digital photographs, or random variation in the interpretation or application of typological definitions.
Systematic variation occurs when one set of observations is consistently offset from another set of
observations of the same objects or phenomena. Systematic variation occurs as a result of instrument errors or when one observer consistently applies a typological or measurement scheme in a manner that is
different from how it is applied by another observer. For instance, if a measurement instrument is set incorrectly, length observations made with that instrument could be consistently too long or too short.
Unlike random errors, systematic errors can affect the central tendency of a measurement. For the analysis of artifact types, systematic error could occur when one observer consistently identifies one artifact
type incorrectly as another type or types, such as the case in which one observer consistently identifies artifacts made on chert as having been made on limestone.
Illegitimate variation occurs as a result of unintentional mistakes, such as making observations of the
wrong artifact or transcribing data incorrectly into an analysis table. Investigators typically attempt to
weed out or remove from consideration illegitimate errors in the assessment of interobserver variation.
Such variation tends to produce outliers or anomalies in the data that correspond more to outright mistakes than to the level of agreement between observers. The potential for illegitimate variation was minimized in the current project by applying a controlled PD system and a series of controls for preventing artifacts from being mixed up or data from being incorrectly entered into the database system.
In scientific investigations, differences among observers become important when they are substantial
enough to result in a significantly different interpretation of the materials or phenomena being investigated. In terms of artifact analysis, differences between observations are most relevant when they affect
the interpretation of a site or behavioral pattern. For instance, discrepancies between observations that result in differences in the inferred cultural or temporal affiliation of a component or the kinds and relative
intensities of activities performed at a site can adversely affect how a site is interpreted. For CRM, differences in site interpretation can influence management decisions and eligibility recommendations. An important site may be considered relatively unimportant, for instance, if incorrectly interpreted, or it could
potentially be placed in a management category that is inappropriate to effective management of the site.
It is thus of utmost importance that managers are able to assess the accuracy and reliability of site interpretations in order to make informed management decisions.
Although potential problems with variation between observers in archaeological-artifact analysis and
description have been raised by a number of investigators, the development or implementation of quantitative methods for evaluating interobserver variation in archaeology has been limited. Assessment of interobserver variation has been more common in other disciplines, including behavioral ecology (Caro
et al. 1979), geology (Friedman 1958; Mizutani 1963), physical anthropology (Gavan 1950; Jamison and
Zegura 1974), and medicine (Brennan and Silman 1992; Shoukri 2010). Of the few archaeological studies
that have used quantitative methods for comparing artifact-analysis results, some of the more-intensive
studies have focused on evaluating interobserver variation in ratio-scale or continuous variables, such as
projectile point length or width, rather than on typological categories (e.g., Dibble and Bernard 1980;
Lyman and VanPool 2009). Exceptions include studies reported by Fish (1978), Swarthout and Dulaney
(1982), Boyd (1987), Beck and Jones (1989), Whittaker et al. (1998), and Gnaden and Holdaway (2000).
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Uniquely, Gnaden and Holdaway (2000) assessed the reliability of in-field artifact analysis performed by
field technicians and in-field analysis performed on the same artifacts by a trained specialist. Beck and
Jones (1989) investigated the potential for bias between different sets of field observations recorded during survey, but they did so by comparing results derived from two analysts who analyzed different sets of
artifacts from different contexts (off-site and on-site contexts). Other studies have been designed to evaluate the efficacy of typologies or classification systems by assessing the level of agreement in artifact classification among trained specialists in a laboratory setting.

Measurement of Interobserver Variation
For ratio-scale data, interobserver variation is usually assessed (in archaeology) using statistics aimed at
testing whether the distribution of measurements made of the same artifacts by different observers or using different observational methods are significantly different. Often, such studies test for statistically
significant differences in the mean and variance of a measurement, using statistical approaches such as ttests or analyses of variance (Lyman and VanPool 2009).
For typological data, quantitative evaluation of interobserver variation is often accomplished by calculating the percent or proportion of observational cases in which two sets of observations agreed or disagreed. For instance, Fish (1978) briefly presented a study aimed at assessing the level of interobserver
agreement among four ceramic analysts in identifying the ceramic type of 90 individually numbered Kayenta Tusayan gray ware and white ware ceramic artifacts. Kayenta Tusayan gray ware and white ware ceramic artifacts were chosen for the study because they were considered to be some of the better-studied
and clearly defined prehistoric ceramic types in the Southwest. The four observers who participated in the
study were chosen because they all had experience in identifying the ceramic types represented in the collection and were trained by the same specialist in the same institutional setting.
This study showed that the level of agreement between any two sets of participating observers ranged
from 69 to 78 percent. No individual ceramic type was consistently identified differently by observers.
However, when disagreements occurred between analysts, one analyst consistently identified ceramic artifacts as corresponding to a type that dated earlier than the type identified by other analysts. Another
analyst consistently identified ceramic artifacts as corresponding to a type that dated later than the type
identified by other analysts. The study suggested that substantial random variation and systematic variation can occur between analyses of the same artifact types, even when analyses are performed in a laboratory setting, by similarly trained specialists, and on artifacts corresponding to clearly defined and widely
recognized artifact types.
A somewhat more sophisticated means of calculating the level of agreement between typological
analyses can be achieved through the use of contingency tables to calculate an agreement statistic developed for categorical data, referred to as Cohen’s kappa (Brennan and Silman 1992; Cohen 1960; Gnaden
and Holdaway 2000; Shoukri 2010; Sim and Wright 2005). An advantage of Cohen’s kappa is that it not
only takes into account the observed agreement, but it also takes into account the agreement that might be
expected as the result of chance. Another metric, referred to as McNemar’s test for bias, can be calculated
to test for systematic variation in categorical observations.
When one set of observations is treated as a “gold standard,” another means of assessing agreement
between observers that can be usefully applied is to calculate false-positive and false-negative rates in a
manner analogous to how such rates are calculated in testing the performance of a statistical model. Such
rates allow the assessment of which observers and observational methods tend to identify an artifact type
as present when the artifact type is absent (false positive) as well as which observers and observational
methods tend to identify an artifact type as absent when it is actually present (false negative).
Below, we discuss five metrics used to assess interobservation in this study: an agreement index, a
false-positive rate, a false-negative rate, Cohen’s kappa, and McNemar’s test for bias. This is followed by
a brief discussion of qualitative and interpretive assessment methods applied during the project.
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The Agreement Index
The agreement index provides the proportions of artifact identifications that are in agreement with each
other for a given pair of analyses (e.g., in-field analysis performed by a field technician and digitalphotograph analysis performed by a trained specialist). This is one of the more common metrics used to
assess the level of agreement between observations for categorical variables (see Caro et al. 1979). Because no assumptions are made regarding the accuracy of artifact identifications in calculating the agreement index, it provides an unbiased estimate of which pairs of analyses were in greatest or least agreement with each other for a given artifact attribute (e.g., ceramic ware, material type, or artifact type). The
index varies from 0 to 1; 0 indicates no agreement, and 1 indicates perfect agreement. The agreement index was calculated per project for each pair of analyses in order to compare the level of agreement among
the four sets of analyses: the in-field analyses performed by each of two field technicians, the digitalphotograph analysis performed by a trained specialist in a laboratory setting, and the hands-on analysis
performed by a separate trained specialist in a laboratory setting. The result was a series of six interobserver comparisons per attribute and project site. For ceramic artifacts, the agreement index was calculated for the following attributes: vessel element, ceramic ware, and ceramic type (see Chapter 3). For
lithic artifacts, the agreement index was calculated for the attributes of production method (e.g., flaked
stone, ground/battered stone, or expedient use [e.g., hammerstones and hand stones]), material type, and
technological type (e.g., biface, flake, or core) (see Chapter 4). An overall level of agreement was also derived by calculating, between sets of observations, the proportion of all observations that were in agreement with each other at each of the two project sites.

Misidentification Rates: False Positives and False Negatives
Another two metrics calculated to assess interobserver variation in artifact identification for this project
were the false-positive rate and the false-negative rate. These rates were calculated under the assumption
that the most accurate classification was made during the hands-on laboratory analysis, by a trained specialist. In other words, for these calculations, the hands-on laboratory analysis was treated as the “gold
standard” of artifact identification (see Carlin 1993; Gnaden and Holdaway 2000:740), and the results of
the other analyses were measured against this standard. An artifact that was correctly identified by an
analysis, based on the results of the hands-on laboratory analysis, was considered to be a true-positive
case for that analysis. For a given artifact type, a false negative represents a case in which an artifact type
(as identified during the hands-on laboratory analysis) was not identified correctly. A false positive represents a case in which the hands-on analysis did not identify the particular type for a specific artifact but
another analysis did. In other words, a false negative indicates a classification that was missed (e.g., the
hands-on laboratory analysis identified an artifact as a biface, but another analysis failed to identify the
artifact as a biface). A false positive indicates a classification that was falsely made (e.g., an artifact not
identified as a biface by the hands-on laboratory analysis was identified as a biface by another analysis).
The false-negative rate is analogous to a Type I error in statistics, or the assertion that something is
absent when it is actually present. For the purpose of this project, the rate was calculated, according to
type, as the number of false-negative cases divided by the number of hands-on-analysis cases. In other
words, if the hands-on analysis identified four artifacts as bifaces, but only one of those artifacts was
identified by the digital-photograph analysis as a biface, then the false-negative rate for bifaces for the
digital-photograph analysis would be 0.75 (the three bifaces misidentified as another artifact type by the
digital-photograph analysis divided by the four bifaces identified by the hands-on laboratory analysis). A
false-negative rate of 0 indicates that an artifact type identified by the hands-on laboratory analysis was
never misclassified (classified as a different type) by another analysis. A false-negative rate of 1 indicates
that an artifact type identified by the hands-on laboratory analysis was always misclassified (classified as
a different type) by another analysis. The rate cannot exceed a value of 1, because there can never be
more false-negative cases than there were total cases identified by the hands-on analysis.
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The false-positive rate is analogous to a Type II error in statistics, or the assertion that something was
present when it was actually absent. The false-positive rate indicates the rate at which an artifact was
falsely identified as being of a particular type when it was actually a different type, based on the results of
the hands-on laboratory analysis. For the purpose of this project, the rate was calculated, according to
type and analysis, as the number of false-positive cases divided by the number of hands-on-analysis cases.
In other words, if the hands-on analysis identified four artifacts as bifaces, as in the above example, but an
additional seven artifacts were identified by the digital-photograph analysis as bifaces (and were identified as different artifact types by the hands-on laboratory analysis), the false-positive rate would be 1.75
(the seven artifacts misidentified as bifaces by the digital-photograph analysis divided by the four bifaces
identified by the hands-on laboratory analysis). A false-positive rate of 0 indicates that, for a given type,
an analysis did not identify any additional cases of that artifact type that were not identified by the handson analysis. A false-positive rate of 1 indicates that, for every artifact of a given type identified by the
hands-on analysis, another analysis misidentified an equal number of additional artifacts as that artifact
type. A false-positive rate exceeding 1 indicates that more artifacts were erroneously identified as a particular type than were actually present in the collection.
In this report, in order to compare the false-positive and false-negative rates among analyses, we consider false-negative rates and false-positive rates of 0.25 or below to be low. Rates between 0.26 and 0.5
are considered moderate, and rates above 0.5 are considered high.

Cohen’s Kappa and McNemar’s Test for Bias
For some of the more common artifact types identified at the two project sites, two additional metrics
were calculated: Cohen’s kappa and McNemar’s test for bias (Bishop et al. 1975; Brennan and Silman
1992; Gnaden and Holdaway 2000). The statistics were not calculated for types that were not identified
by the hands-on analysis, types that were identified only for a handful of artifacts, or types for which most
artifact identifications were made by a single observer. For these situations, either the tests are unnecessary as raw counts, and other statistics clearly indicate poor agreement, or sample sizes are especially
small.
Cohen’s kappa is a statistical measure of agreement for categorical data calculated using a contingency table in a manner similar to calculation of the chi-square statistic (Table 1). The contingency table
is constructed to indicate the number of cases in which two observers agree in identifying whether an artifact is or is not a particular type (e.g., both agree that an artifact is a core or that an artifact is not a core)
as well as the number of cases in which only one of the observers identifies an artifact as a particular type
(e.g., one observer identifies an artifact as a core, and another observer identifies the artifact as a type
other than a core). Like the false-positive and false-negative rates discussed above, Cohen’s kappa and
McNemar’s test for bias were calculated under the assumption that the hands-on laboratory analysis was
most likely to have resulted in accurate classifications. Thus, comparisons were made between the handson laboratory analysis and the other analyses in order to assess the level of agreement of the latter group
of analyses with the “gold standard” for the project.
In Table 1, variable a represents the number of cases in which both observers identify an artifact as
the type for which the comparison is made (e.g., core flake); variable d represents the number of cases in
which both of the observers agree that an artifact is not the type for which the comparison is made. Variable c represents the number of cases in which only Observer 2 identifies an artifact as the type under
consideration, and variable b represents the number of cases for which only Observer 1 identifies an artifact as the type under consideration.
For instance, consider the situation in which the level of agreement is assessed between observers for
artifacts typed as core flakes. If there are 100 artifacts, and both Observers 1 and 2 identify 20 of the artifacts as core flakes and 40 as not core flakes, then a would equal 20, and d would equal 40 (Table 2). If,
of the remaining 40 artifacts, Observer 1 identifies 10 artifacts as core flakes (and 30 as not core flakes),
and Observer 2 identifies 30 artifacts as core flakes (and 10 as not core flakes), then b would equal 10,
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Table 1. Matrix Used for Calculating Cohen’s Kappa Statistic
Observer 2 Yes

Observer 2 No

Total

Observer 1 yes

a

b

g1

Observer 1 no

c

d

g2

Total

f1

f2

n

Note: After Gnaden and Holdaway (2000:Table 1) and Sim and Wright (2005:Table 1).

Table 2. Example Matrix for Calculating Cohen’s Kappa Statistic to
Assess Agreement in Core-Flake Identification between Observers
Observer 2 Yes

Observer 2 No

Total

Observer 1 yes

20

10

30

Observer 1 no

30

40

70

Total

50

50

100

and c would equal 30. The total number of artifacts, 100, would be n. The column totals, f1 and f2, would
each be 50; the row totals, g1 and g2, would be 30 and 70, respectively (see Table 1).
Using the above variables, the observed (Ao) and expected (Ae) values for the number of cases in
agreement with each other can be calculated. The number of observed agreement cases is simply a plus d.
In the example provided above, the observed agreement equals 60 (20 + 40). The expected number of
agreement cases can be calculated using the following formula:
Ae = ([f1 × g1]/n) + ([f2 × g2]/n)

(1.1)

In the above example, the expected agreement would equal 50 ([(30 × 50)/100] + [(70 × 50)/100]), or 10
less than the observed agreement.
Using the observed and expected agreement and the total number of artifacts, Cohen’s kappa (κ) can
be calculated as follows:
κ = (Ao – Ae) / (n – Ae)

(1.2)

Cohen’s kappa varies from –1 to 1. Values above 0.8 indicate very good agreement, and values below 0.2
indicate poor agreement (see below). Using the above example, Cohen’s kappa would equal 0.2 ([60–
50]/[100–50]), a low value, indicating poor agreement. To put this in perspective, if Observer 1 conducted
the hands-on laboratory analysis, then the false-negative rate would be 0.33 (10/30), because out of a total
of 30 core flakes identified by Observer 1, Observer 2 failed to identify 10 of these artifacts correctly. The
false-positive rate would be 1 (30/30), because Observer 2 identified an additional 30 artifacts as core
flakes that were not actually core flakes. Thus, although one might consider the false-negative rate to have
been moderate in the example, the false-positive rate was quite high, resulting in a low level of agreement
overall, as indicated by Cohen’s kappa.
Brennan and Silman (1992:Table 2) have provided a table indicating the suggested interpretation for
different values of Cohen’s kappa (Table 3). In addition to applying Brennan and Silman’s (1992) levels
for interpreting the strength of agreement between observers, a threshold value can also be assigned for
assessing whether the level of agreement is acceptable or unacceptable. Although many applications of
the metric have used values of 0.4 or above to indicate an acceptable level of agreement, Gnaden and
Holdaway (2000) interpreted Cohen’s kappa values equal to or above 0.5 as representing an acceptable
28

Table 3. Interpretation of Agreement
Strength for Different Values of Cohen’s Kappa

κ Statistic

Strength of Agreement

<0.2

poor

0.21–0.4

fair

0.41–0.6

moderate

0.61–0.8

good

0.81–1

very good

Note: After Brennan and Silman (1992:Table 2).

level of agreement; they interpreted values less than 0.5 as representing an unacceptable level of agreement. To be consistent with Gnaden and Holdaway’s (2000) analysis, which also evaluated the reliability
of in-field artifact analysis, a cutoff value of 0.5 for Cohen’s kappa to indicate an acceptable level of
agreement has been adopted for this report.
A companion test that can be calculated using the same contingency table used to calculate Cohen’s
kappa is McNemar’s test for bias. This test can be used to identify whether systematic bias has occurred
in making a typological classification, based on the chi-square distribution. In other words, if one observer frequently identifies artifacts as a particular type, and another observer frequently identifies the
same artifacts as a different type, the McNemar’s test for bias can be used to test whether the difference in
identification represents systematic bias or random error. To perform McNemar’s test for bias, a chisquare value is calculated as follows:
2

([b – c] – 1) / (b + c)

(1.3)

In this report, a chi-square value of 3.84 or above is used to identify the presence of systematic bias at
the 95 percent confidence level. Using the above example, the chi-square value would be calculated as
2
11.025 ([(10 – 30) – 1] / [10 + 30]), which strongly indicates that systematic bias occurred between these
hypothetical observers in their identifications of whether or not the artifacts were core flakes.

Qualitative and Distributional Methods
A final means of evaluating artifact-analysis results was to evaluate how different the interpretations of
the project sites would be, had one analysis been used instead of another. For these comparisons, it is not
important that the identification of an individual artifact was the same or different between analyses.
What is important is whether the overall distribution of artifact types resulting from the analyses was consistent or inconsistent among observers. In these assessments, particular attention was paid to those factors that could have the greatest potential to influence the interpretation of a site, such as whether the
analysis results could be used to infer a different cultural or temporal affiliation or whether the analysis
results might be used to infer differences in the intensity and diversity of activities performed there.
In evaluating the potential for consistency in site interpretations, only the artifacts identified from
each collection were considered, even though more artifacts, as well as features, have been documented at
both sites. For the current analysis, the important consideration is whether site interpretations could differ
based on differences in the results of in-field, digital-photograph, and hands-on laboratory analysis.
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CHAPTER 3

Ceramic Analysis

In this chapter, the results of the four different analyses of ceramic artifacts performed at each of the two
project sites are discussed. For the Fort Bliss site, the number of ceramic artifacts was limited (n = 20).
However, many of these artifacts were of specific ceramic types rather than generic types, such as plain
ware or buff ware. The number of ceramic artifacts analyzed for the Fort Huachuca site was much larger
(n = 345). Although there were a large number of specific ceramic types in the collection, the majority of
the artifacts were generic types, principally plain ware ceramic artifacts.
The focus of discussion is placed on variation among analyses in the identification of ceramic artifacts according to a series of four ceramic-artifact attributes: vessel element, ceramic ware, ceramic type,
and the inferred temporal period associated with a particular ceramic type. For each of these attributes,
several metrics introduced in Chapter 2 are calculated: agreement index, false-negative and false-positive
rates, Cohen’s kappa, and McNemar’s test for bias. Agreement indexes were calculated for all pairs of
analyses in order to provide an overall understanding of which analyses were more or less in agreement.
The other metrics were calculated by assuming that hands-on laboratory analysis provided the mostaccurate results, and it functioned as the “gold standard” in artifact identification for this project.
In addition to the above metrics, the distributions of attribute values were compared among analyses in
order to evaluate the degree to which site interpretations would converge or diverge if site interpretation
were to be based on the results of the in-field, digital-photograph, or hands-on laboratory analysis. Whereas
the above metrics are based on per-artifact comparisons (either between pairs of analyses or between the
hands-on analysis and the other analyses), the distributional comparisons investigated the potential implications that the different analyses could have on the interpretation of a site, regardless of whether the identification of an individual artifact was the same or different between analyses. What matters in these comparisons is whether the overall distribution of results is consistent or inconsistent among analyses.
Below, each of the ceramic attributes focused on for analysis (vessel element, ceramic ware, ceramic
type, and temporal affiliation) are discussed in turn. This is followed by a discussion of the results from
calculations of Cohen’s kappa and McNemar’s test for bias for select artifact attributes and then by a
summary of the results.

Vessel Element
Vessel elements were recorded as either body sherds, rim sherds, or indeterminate. Rim sherds and body
sherds were identified at both sites, and indeterminate vessel elements were identified only at Fort Huachuca. At both sites, body sherds were more numerous than rim sherds. However, at the Fort Bliss site,
rim sherds were relatively more common, representing approximately one-third of recorded sherds. In
contrast, less than 7 percent of sherds at the Fort Huachuca site were recorded as rim sherds.
Among all the ceramic attributes that were evaluated, vessel element was the most consistently recorded attribute among observers. The agreement index for vessel elements was higher than the agreement indexes of the other ceramic-artifact attributes, averaging 0.89 for Fort Bliss identifications and 0.93
for Fort Huachuca identifications (Tables 4 and 5). This result is promising, in that it suggests that the
identification of a sherd as a body sherd or a rim sherd is relatively consistent among observers. Interestingly,
31

Table 4. The Agreement Index for Ceramic-Artifact Analysis at Fort Bliss, According to Vessel
Element, Ceramic Ware, Ceramic Type, and Temporal Period
Observer 2

Vessel-Element
Agreement

Hands-on laboratory
specialist

Field Technician 1

0.85

0.65

0.55

0.55

0.68

Hands-on laboratory
specialist

Field Technician 2

0.95

0.75

0.60

0.60

0.77

Hands-on laboratory
specialist

Digital-photograph
laboratory specialist

0.95

0.70

0.55

0.69

0.73

Field Technician 1

Field Technician 2

0.80

0.85

0.75

0.78

0.80

Field Technician 1

Digital-photograph
laboratory specialist

0.90

0.60

0.45

0.50

0.65

Field Technician 2

Digital-photograph
laboratory specialist

0.90

0.70

0.50

0.53

0.70

Average

0.89

0.71

0.57

0.61

0.72

CV (%)

6.6

Observer 1

Ceramic-Ware Ceramic-Type Temporal-Period
Overall
Agreement
Agreement
Agreement
Agreement

12.2

18.2

17.6

7.7

Key: CV = coefficient of variation.

Table 5. The Agreement Index for Ceramic-Artifact Analysis at Fort Huachuca, According to
Vessel Element, Ceramic Ware, Ceramic Type, and Temporal Period
Observer 1

Observer 2

Vessel-Element
Agreement

CeramicWare
Agreement

CeramicTemporal-Period
Overall
Type
Agreement
Agreement
Agreement

Hands-on laboratory
specialist

Field Technician 1

0.95

0.82

0.58

0.07

0.78

Hands-on laboratory
specialist

Field Technician 2

0.94

0.67

0.46

0.09

0.69

Hands-on laboratory
specialist

Digital-photograph
laboratory specialist

0.92

0.76

0.49

0.27

0.72

Field Technician 1

Field Technician 2

0.97

0.76

0.48

0.54

0.74

Field Technician 1

Digital-photograph
laboratory specialist

0.91

0.77

0.39

0.22

0.69

Field Technician 2

Digital-photograph
laboratory specialist

0.89

0.62

0.50

0.17

0.67

Average

0.93

0.73

0.49

0.23

0.72

CV (%)

3.1

10.1

Key: CV = coefficient of variation.
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12.4

75.9

5.8

the agreement index was highest between the two field technicians at the Fort Huachuca site but was lowest between the two field technicians at the Fort Bliss site, suggesting a relatively broad degree of variance between field observations for vessel element.
If we assume that the hands-on laboratory identification is most likely to be correct, then sherds at both
sites were classified correctly according to vessel element for the vast majority of cases (Tables 6 and 7).
Overall, the levels of Type I and Type II errors were low and were fairly similar among in-field and digitalphotograph analyses, as indicated by the false-negative and false-positive rates, respectively. Field Technician 1 at Fort Bliss was slightly less accurate than the other analysts in identifying vessel element.
Rim sherds were evidently more difficult to identify than body sherds. At both Fort Bliss and Fort
Huachuca, body sherds were rarely misidentified. Rim sherds were misclassified as body sherds or indeterminate vessel elements for nearly one-quarter of identifications made in the field or using only digital
photographs. At Fort Bliss, no artifacts identified as body sherds by the hands-on analysis were misidentified as rim sherds. At Fort Huachuca, fewer than 5 percent of sherds identified as body sherds by the
hands-on analysis were misidentified as rim sherds. These results suggest that close to one-quarter of rim
sherds could go unnoticed when sherds are not examined by a specialist in a laboratory setting, but nearly
all body sherds will be classified correctly in the field or using only digital photographs. At Fort Huachuca, sherds identified by the hands-on analysis as indeterminate were identified as rim or body sherds
by other analyses; sherds identified as indeterminate by the in-field or digital-photograph analyses were
identified as body or rim sherds by the hands-on laboratory analysis.
These results are important, because rim sherds are often considered to be potentially more informative than body sherds, in that they can convey important information about vessel-shape and -orifice characteristics. Rim sherds also are sometimes considered to more faithfully reflect vessel counts than body
sherds, because rim sherds are typically far less numerous than body sherds. Rim sherds generally correspond to a much smaller percentage of a vessel than do body sherds, for instance.
Despite the generally high level of agreement in the identification of ceramic artifacts according to
vessel element, difference among observers would potentially result in differences in the number of vessels inferred to have been present at a site. At Fort Bliss, three of the observers identified either six or
seven rim sherds, resulting in a body-to-rim-sherd ratio of close to 2 to 1 (Table 8), but only four rim
sherds were identified by Field Technician 1, resulting in a body-to-rim-sherd ratio roughly twice that
identified by the other observers. Reliance on the in-field analysis performed by Field Technician 1 could
theoretically have resulted in the interpretation of fewer vessels at the site, suggesting the possibility of a
less-intensive occupation than what likely would have been inferred from the identifications made by
other observers. There is a somewhat similar situation for the Fort Huachuca site, although differences
among observers are not as great, considering the larger number of sherds. At Fort Huachuca, laboratory
analysis also resulted in the identification of more rim sherds than did in-field analysis (Table 9). For both
sites, the largest number of rim sherds was identified by the hands-on laboratory specialist, suggesting
that rim sherds are best identified by a specialist in a controlled laboratory setting.

Wares
In the 1920s and 1930s, Harold S. Colton and Lyndon L. Hargrave (1937) developed a ceramic-classification
system for prehistoric southwestern ceramics that is still used today. Colton defined a ware-series-type system.
A ceramic series refers to a group of types discriminated on the basis of painted-design change and provides a
subdivision within wares. Ceramic wares represent a group of ceramics similar in clays and tempers and
manufacturing techniques. In a very gross sense, different wares often represent different cultural groups and
have distinctive geographic distributions. In the context of this study, observations representing a diversity (or
lack thereof) of ceramic wares could be indicative of interactions with different groups (or use by different

33

Table 6. False-Negative and False-Positive Error Rates at Fort Bliss,
According to Analysis Type, per Vessel Element
False-Negative Rate
Vessel Element

Field
Field
Technician 1 Technician 2

False-Positive Rate

DigitalPhotograph
Laboratory
Specialist

Total

Field
Field
Technician 1 Technician 2

DigitalPhotograph
Laboratory
Specialist

Total

Body sherd

—

—

—

—

0.23

0.08

—

0.10

Rim sherd

0.43

0.14

0.14

0.24

—

—

0.14

0.05

Total

0.15

0.05

0.05

0.08

0.15

0.05

0.05

0.08

Note: Cells shaded in gray indicate low rates, and the cell without shading indicates a moderate rate.

Table 7. False-Negative and False-Positive Error Rates at Fort Huachuca,
According to Analysis Type, per Vessel Element
False-Negative Rate
Vessel Element

Field
Field
Technician 1 Technician 2

False-Positive Rate

DigitalPhotograph
Laboratory
Specialist

Total

Field
Field
Technician 1 Technician 2

DigitalPhotograph
Laboratory
Specialist

Total

Body sherd

0.03

0.04

0.04

0.04

0.03

0.02

0.03

0.02

Rim sherd

0.21

0.25

0.25

0.24

0.04

0.13

0.17

0.11

Indeterminate

1.00

0.50

1.00

0.83

2.25

2.50

2.75

2.50

Total

0.05

0.06

0.07

0.06

0.05

0.06

0.07

0.06

Note: Cells shaded in gray indicate low rates, and cells without shading indicate either moderate rates (normal typeface) or high rates
(boldface).

Table 8. Artifact Counts at Fort Bliss, According to Analysis Type, per Vessel Element
Field
Technician 1

Field
Technician 2

Hands-on
Laboratory
Specialist

Digital-Photograph
Laboratory Specialist

Total

Body sherd

16

14

13

14

57

Rim sherd

4

6

7

6

23

20

20

20

20

80

4

2.33

1.86

2.33

2.48

Vessel Element

Total
Body-to-rim-sherd ratio
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Table 9. Artifact Counts at Fort Huachuca, According to Analysis Type, per Vessel Element
Field
Technician 1

Field
Technician 2

Digital-Photograph
Laboratory Specialist

Total

Body sherd

316

312

317

312

1,257

Rim sherd

20

21

24

22

87

9

12

4

11

36

Total

345

345

345

345

1,380

Body-to-rim-sherd ratio

15.80

14.86

13.21

14.18

14.45

Vessel Element

Indeterminate

Hands-on Laboratory
Specialist

groups) over a broad or limited geographic area and could impact some of the basic interpretations regarding
what types of activities occurred at a site.
For the Fort Bliss site, in total, eight wares were identified among all observers (Table 10). The majority of sherds, regardless of observer, were identified as Jornada-region ceramics. A few wares were
identified by only one observer: brown ware, Northern Rio Grande ware, and red ware. Most of these
unique ware identifications were made in the laboratory, using digital photographs only, suggesting that
information that could be derived from the digital photographs sometimes led to erroneous identifications
of ceramic wares. This result ultimately led to an elevated level of ceramic-ware richness identified at the
site, a result that could be interpreted, in the absence of other evidence, as indicative of either a morediverse use of the site by multiple groups or a wider sphere of interaction for users of the site than what
was suggested by the in-field or hands-on laboratory analysis of the same ceramic artifacts.
At the Fort Huachuca site, 12 wares were identified among observers, although the ware for some
sherds was not determined (Table 11). The number of wares identified at the site is larger than what was
found at the Fort Bliss site, but this is, in part, because of the much larger number of sherds identified at
the Fort Huachuca site. In addition, the Fort Huachuca site is located near the peripheries of multiple culture areas and can be considered a kind of cultural crossroads or borderlands area where multiple cultural
groups interacted. Most sherds at the Fort Huachuca site were identified as plain ware sherds. Hohokam
Buff Ware and indeterminate painted wares were also commonly identified. Several wares were unique
among observers: brown or buff ware, brown or red ware, buff ware, San Simon series, Trincheras, and
Upper/Middle Santa Cruz River valley tradition. Interestingly, three of these unique identifications were
made during the digital-photograph analysis, and all of them were relatively general ware identifications
(brown or buff ware, brown or red ware, or buff ware). This result suggests that the digital photographs
were inadequate in a number of cases to make more-specific ware identifications, in comparison to a
hands-on analysis. In addition, the identification of red ware sherds was only common for the digitalphotograph analysis, suggesting that digital photographs were inadequate to differentiate between red
wares and other wares, a problem that could potentially have resulted from the color balance of the digital
photographs. It is worth noting, also, that the single identification of a red ware sherd at the Fort Bliss site
was also made during the digital-photograph analysis.
On average, the agreement index was 0.71 for Fort Bliss ware identifications and 0.73 for Fort
Huachuca ware identifications (see Tables 4 and 5). In other words, slightly less than three-quarters of
ware identifications were in agreement with each other, on average. The highest agreement index was
calculated for ware identifications made by field technicians at Fort Bliss. The agreement index between identifications made by field technicians at Fort Huachuca was closer to the average for ware
identifications at the site.
For both Fort Bliss and Fort Huachuca, overall error rates were low or moderate, because the mostcommon wares at both sites were correctly identified most of the time (Jornada-region ceramics at Fort
Bliss and plain ware at Fort Huachuca) (Tables 12 and 13). False-negative rates, however, were high
for all other wares, indicating that the rarer wares were rarely identified correctly. False-positive rates
at both sites tended to be low or moderate, because most wares present in the collections were rarely
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Table 10. Artifact Counts at Fort Bliss, According to Analysis Type, per Ceramic Ware
Field
Technician 1

Field
Technician 2

Hands-on Laboratory
Specialist

Digital-Photograph
Laboratory Specialist

Brown ware

—

1

—

—

1

Chihuahua tradition

—

—

1

1

2

2

—

1

1

4

Jornada-region ceramics

17

19

15

14

65

Mimbres Mogollon ceramics

—

—

—

2

2

Northern Rio Grande ware

—

—

—

1

1

Plain ware

1

—

3

—

4

Red ware

—

—

—

1

1

Total

20

20

20

20

80

3

2

4

6

8

Ceramic Ware

Indeterminate painted ware

Richness

Total

Table 11. Artifact Counts at Fort Huachuca, According to Analysis Type, per Ceramic Ware
Ceramic Ware

Field
Technician 1

Field
Hands-on Laboratory Digital-Photograph
Technician 2
Specialist
Laboratory Specialist

Total

Brown or buff ware

—

—

—

1

1

Brown or red ware

—

—

—

2

2

Buff ware

—

—

—

11

11

Hohokam Buff Ware

37

34

11

16

98

4

62

7

7

80

Plain ware

288

237

290

278

1,093

Red ware

—

—

1

15

16

—

10

1

12

—

4

—

4

—

2

8

31

Indeterminate painted ware

San Pedro River valley tradition
San Simon series

1
—

Trincheras

2

—

Tucson Basin ceramics

4

—

19

—

1

Upper/Middle Santa Cruz River
valley tradition
Not determined
Total
Richness

—

—

—

1

9

12

2

6

29

345

345

345

345

1,380

6

3

8

9

12
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Table 12. False-Negative and False-Positive Error Rates at Fort Bliss, According to Analysis Type,
per Ceramic Ware
False-Negative Rate
Ceramic Ware

Field
Field
Technician 1 Technician 2

False-Positive Rate

DigitalPhotograph
Laboratory
Specialist

Total

Field
Field
Technician 1 Technician 2

DigitalPhotograph
Laboratory
Specialist

Total

Chihuahua
tradition

1.00

1.00

—

0.67

—

—

—

—

Indeterminate
painted ware

1.00

1.00

1.00

1.00

2.00

—

1.00

1.00

Jornada-region
ceramics

0.13

—

0.13

0.09

0.27

0.27

0.07

0.20

Plain ware

1.00

1.00

1.00

1.00

0.33

—

—

0.11

Total

0.35

0.25

0.30

0.30

0.35

0.20

0.10

0.22

Note: Cells shaded in gray indicate low rates, and cells without shading indicate either moderate rates (normal typeface) or high rates
(boldface).

Table 13. False-Negative and False-Positive Error Rates at Fort Huachuca, According to Analysis
Type, per Ceramic Ware
False-Negative Rate
Ceramic Ware

Field
Field
Technician 1 Technician 2

False-Positive Rate

DigitalPhotograph
Laboratory
Specialist

Total

Field
Field
Technician 1 Technician 2

DigitalPhotograph
Laboratory
Specialist

Total

Hohokam Buff
Ware

0.55

0.55

0.55

0.55

2.91

2.64

1.00

2.18

Indeterminate
painted ware

0.86

1.00

0.86

0.90

0.43

8.86

0.86

3.38

Plain ware

0.04

0.22

0.12

0.13

0.03

0.03

0.08

0.05

Red ware

1.00

1.00

1.00

1.00

—

—

15.00

5.00

San Pedro River
valley
tradition

1.00

1.00

0.90

0.97

0.10

—

—

0.03

San Simon
series

1.00

1.00

1.00

1.00

—

—

—

—

Tucson Basin
ceramics

1.00

1.00

0.74

0.91

0.21

—

0.16

0.12

Upper/Middle
Santa Cruz
River valley
tradition

1.00

1.00

1.00

1.00

—

—

—

—

Total

0.17

0.32

0.22

0.24

0.14

0.29

0.17

0.20

Note: Cells shaded in gray indicate low rates, and cells without shading indicate either moderate rates (normal typeface) or high rates
(boldface).
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identified by in-field or digital-photograph analysis. False-positive rates, however, were quite high for
indeterminate painted ware at Fort Bliss. At Fort Huachuca, false-positive rates were high for Hohokam
Buff Ware in all analyses and were also high in one or more analyses for indeterminate painted wares
and red ware.
An interesting result of the Fort Huachuca ceramic analyses is that one of the field technicians who
made identifications at the Fort Huachuca site identified a much larger number of sherds as indeterminate
painted wares than did any other analyst. This accounts for much of the difference in misidentification rates
for ceramic wares between in-field analyses. Although most of the analysts identified approximately
2 percent of sherds as indeterminate painted ware sherds, one field analyst identified nearly 18 percent of
sherds as indeterminate painted ware. At the same time, although most of the analysts identified approximately 80 percent of sherds as plain ware, the same field analyst identified less than 70 percent of sherds as
plain ware. These results suggest that the field technician potentially had less familiarity with ceramic traditions found in the region and also had a greater tendency to identify plain wares as painted wares. If interpretations were to rely on only the results of this one in-field analysis, plain ware sherds would be interpreted as less common than their likely occurrence. Moreover, the kinds of painted wares present at the site
would be substantially less certain, a result that could potentially require additional and costly further visitation and documentation of the site in order to seek additional information or evaluate site significance.
A particularly interesting result of the Fort Huachuca ware identifications is that field technicians
tended to identify sherds as Hohokam Buff Ware substantially more often than did trained specialists (see
Table 11). Indeed, the fewest Hohokam Buff Ware identifications were made during the hands-on laboratory identifications. In contrast, the greatest number of Tucson Basin ceramic ware identifications, by far,
was made during the hands-on laboratory analysis. This result is particularly important in terms of interpreting the potential interaction sphere of the Fort Huachuca site. With in-field analysis only, and in the
absence of other evidence for cultural affiliation, an investigator would likely interpret the site’s inhabitants as interacting most intensively with the Gila-Salt Basin Hohokam or perhaps even infer that the site
was occupied mostly by people affiliated with the Gila-Salt Basin Hohokam. Interaction with the Tucson
Basin Hohokam would be interpreted as absent or minimal. Based on the hands-on laboratory analysis, an
investigator would, instead, interpret interactions with both the Gila-Salt Basin Hohokam and the Tucson
Basin Hohokam to have occurred and may interpret interactions with the Tucson Basin Hohokam to have
been more intensive than interactions with the Gila-Salt Basin Hohokam.
In this particular site context, such an interpretation could also have influenced the interpretation of how
the site related behaviorally to other sites in the region. As a result of the in-field analysis, the site might be
interpreted as more closely connected to sites to the north, along the lower San Pedro and Lower Gila Rivers, because sites along these drainages more often include ceramic artifacts associated with the Gila-Salt
Basin Hohokam and are often interpreted as more closely connected geographically and culturally with sites
in the Gila-Salt Basin. In contrast, as a result of the hands-on laboratory analysis, the site may be interpreted
as more closely connected to sites located in the Tucson Basin, along the Santa Cruz River, as well as to intervening sites located along Cienega Creek, between the Fort Huachuca site and the Tucson Basin. In other
words, interpretations of who the site inhabitants were, in terms of cultural affiliation and with which groups
they interacted, could be quite different, depending on which results were used to interpret the site, with a
marked difference between hands-on laboratory analysis and other analyses.
Several ware identifications made during the hands-on laboratory analysis of the Fort Huachuca site
were unique to the hands-on laboratory analysis, including San Simon–series and Upper/Middle Santa
Cruz River valley–tradition ware identifications. In addition, the identification of a San Pedro River valley–tradition ware was substantially more common for the hands-on laboratory identifications and was
rare for or absent from identifications made during in-field or digital-photograph analysis. The San
Simon–series, Upper/Middle Santa Cruz River valley–tradition, and San Pedro River valley–tradition
wares are all associated with more-local and geographically distinctive ceramic traditions than are the
Hohokam-affiliated wares. Interactions with the makers of ceramic vessels associated with the more-local
traditions (or use of the site by the makers of such ceramics) could only be inferred from the results of the
hands-on laboratory analysis.
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Ceramic Types
In total, 18 and 29 different ceramic types were identified by different analysts at the Fort Bliss (Table 14)
and Fort Huachuca (Table 15) sites, respectively. For both sites, more types were identified by trained
specialists in a laboratory setting than were identified by field technicians in the field. This is not particularly surprising, because specialists would likely have greater knowledge and familiarity with a wider array of ceramic types, as well as a greater level of confidence in assigning a sherd to a particular ceramic
type. In the case of Fort Huachuca, on the order of twice as many ceramic types were identified by trained
specialists in a laboratory setting than by the field technicians.
The agreement index for ceramic types at the Fort Bliss site was 0.57, and it was 0.49 for ceramic
types at the Fort Huachuca site, on average (see Tables 4 and 5). The lower agreement index for ceramic
types than for ceramic wares is understandable, given the larger number of ceramic types identified and
the greater level of expertise required to identify ceramics according to type. Overall, this result indicates
that, on average, slightly more than one-half of the identifications of ceramic type were in agreement between sets of observations.
Several types were identified during the hands-on laboratory analysis for both sites that were not
identified by either in-field analysis or digital-photograph analysis. Similarly, some types identified by infield analysis or digital-photograph analysis were not identified during the hands-on laboratory analysis.
At Fort Bliss, El Paso Bichrome (red-on-brown), indeterminate fine paste (unpainted), and Type II
(smooth, sand) ceramic artifacts were identified only during the hands-on laboratory analysis. Brown corrugated, El Paso Bichrome, Galisteo Black-on-white, indeterminate polychrome, red ware, red ware with
El Paso paste (red slip), San Andres Red-on-terracotta, San Francisco Red, and an unidentified textured
type were not identified during the hands-on laboratory analysis but were identified during at least one
other analysis of the same materials. It appears that at Fort Bliss, specific types that may not actually have
been present in the collection were identified by in-field or digital-photograph analysis. This is particularly the case for the digital-photograph analysis, which identified six ceramic types that were not identified by any other analysis.
At Fort Huachuca, Babocomari Bichrome, Casa Grande Red-on-buff, Encinas Red-on-brown, indeterminate San Simon Red-on-brown, Rincon or Tanque Verde Red-on-brown, and Santa Cruz Polychrome were identified only during the hands-on laboratory analysis. Brown or buff ware, indeterminate
red-on-brown ware (elaborated), indeterminate black-on-gray ware, indeterminate brown or red ware, indeterminate buff ware, indeterminate plain ware, indeterminate red or brown plain ware, Tanque Verde
Red-on-brown, Trincheras Purple-on-red (nonspecular), and Type IV (phyllite inclusions) were not identified during the hands-on laboratory analysis but were identified during at least one other analysis of the
same materials. It appears that, in place of specific types identified by the hands-on analysis, indeterminate types were identified by other analyses.
Another interesting difference among analyses of the Fort Huachuca ceramic artifacts is that the digital-photograph analysis identified approximately 85 percent of ceramic artifacts as Type II (smooth,
sand), whereas for the other analyses, closer to 50 percent of ceramic artifacts were identified as Type II
(smooth, sand). At the same time, most analyses identified a substantial percentage of other ceramic artifacts as Type III (micaceous schist), whereas no such artifacts were identified by the digital-photograph
analysis. This suggests that digital photography was inadequate for differentiating between sand and micaceous-schist inclusions, a result that could have a substantial bearing on the interpretation of ceramic
technology at the site, as well as interpretations of ceramic manufacture and provenance, because pastes
bearing either sand or micaceous schist theoretically could have different performance characteristics and
could be derived from different clay or temper sources.
At Fort Bliss, the correspondence of identified types is relatively close between the in-field analysis and
the hands-on laboratory analysis and is most disparate between the digital-photograph analysis and the other
analyses. This suggests that, on a general level, the in-field analysis did a fair job at identifying ceramics according to type at Fort Bliss. The digital-photograph analysis, in contrast, resulted in the identification of a
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Table 14. Artifact Counts at Fort Bliss, According to Analysis Type, per Ceramic Type
Field
Field
Hands-on Laboratory Digital-Photograph
Technician 1 Technician 2
Specialist
Laboratory Specialist

Ceramic Type

Total

Brown corrugated

—

1

—

—

1

Chupadero Black-on-white

4

4

4

3

15

El Paso Bichrome

2

2

—

—

4

El Paso Bichrome (red-on-brown)

—

—

1

—

1

El Paso Brown

2

2

2

2

8

El Paso Polychrome

2

2

4

2

10

Galisteo Black-on-white

—

—

—

1

1

Indeterminate fine paste (unpainted)

—

—

2

—

2

Indeterminate polychrome

—

—

—

1

1

Indeterminate red-on-brown ware

2

—

1

—

3

Playas Red Incised

—

—

1

1

2

Red ware

—

—

—

1

1

Red ware with El Paso paste (red slip)

—

—

—

2

2

San Andres Red-on-terracotta

—

—

—

1

1

San Francisco Red

—

—

—

2

2

Textured

1

—

—

Three Rivers Red-on-terracotta

7

9

4

4

24

Type II (smooth, sand)

—

—

1

—

1

Total
Richness

—

1

20

20

20

20

80

7

6

9

11

18

Table 15. Artifact Counts at Fort Huachuca, According to Analysis Type, per Ceramic Type
Field
Technician 1

Field
Technician 2

Babocomari Bichrome

—

—

1

—

1

Brown or buff ware

—

—

—

1

1

Casa Grande Red-on-buff

—

—

1

—

1

1

—

9

1

11

Encinas Red-on-brown

—

—

1

—

1

Indeterminate red-on-brown
ware (broad line)

—

—

1

4

5

Indeterminate red-on-brown
ware (elaborated)

—

—

—

1

1

Indeterminate red-on-brown
ware (fine line)

—

—

1

1

2

Indeterminate Tucson Basin
Black-on-brown

4

—

1

—

5

Ceramic Type

Dragoon Red-on-brown
(elaborated)

40

Hands-on Laboratory
Specialist

Digital-Photograph
Laboratory Specialist

Total

Field
Technician 1

Field
Technician 2

Hands-on Laboratory
Specialist

Indeterminate Tucson Basin
Red-on-brown

—

—

10

3

13

Indeterminate black-on-gray
ware

—

1

—

—

1

Indeterminate brown or red ware

—

—

—

1

1

Indeterminate buff ware (no
paint)

—

—

3

2

5

Indeterminate buff ware

—

—

—

11

11

1

61

2

—

64

Indeterminate plain ware

—

—

—

1

1

Indeterminate red or brown plain
ware

—

—

—

1

1

3

—

5

1

9

Indeterminate red-on-buff ware

37

34

7

14

92

Indeterminate San Simon Redon-brown

—

—

3

—

3

Red Type II (smooth, sand)

—

—

1

15

16

Rincon or Tanque Verde Redon-brown

—

—

1

—

1

Rincon Red-on-brown

—

—

5

3

8

Santa Cruz Polychrome

—

—

1

Tanque Verde Red-on-brown

—

—

—

2

2

2

—

—

—

2

Type II (smooth, sand)

152

196

188

277

813

Type III (micaceous schist)

130

40

102

—

272

Type IV (phyllite)

6

1

—

7

Not determined

9

12

2

6

29

345

345

345

345

1,380

9

6

19

17

29

Ceramic Type

Indeterminate painted ware

Indeterminate red-on-brown
ware

Trincheras Purple-on-red
(nonspecular)

Total
Richness

Digital-Photograph
Laboratory Specialist

—

—

Total

1

number of additional specific ceramic types not identified by other analyses. If digital photographs alone
had been used to identify ceramic artifacts according to type at the site, the interpretation of the site’s ceramic assemblage would likely have been substantially different from an interpretation based on the results
of either the in-field or the hands-on laboratory analysis.
At Fort Huachuca, multiple specific ceramic types were identified by the hands-on laboratory analysis
that were not identified by the other analyses, including several that are associated with local ceramic traditions not identified by the other analyses. As indicated above, ceramic types that were rarely identified
by the hands-on laboratory analysis but were more commonly identified by other analyses were sometimes less-specific types (e.g., indeterminate red-on-buff or indeterminate painted ware). In addition, ceramic types identified as indeterminate red-on-buff by the in-field or digital-photograph analysis were often identified as one of several types of red-on-brown ceramic types, such as indeterminate Tucson Redon-brown, Rincon Red-on-brown, Dragoon Red-on-brown (elaborated), or Encinas Red-on-brown. In
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other words, differentiating buff wares from brown wares was difficult during the in-field and digitalphotograph analyses. This result suggests that more-detailed, more-accurate, and more-precise results
were achieved by the hands-on laboratory analysis than by the in-field or digital-photograph analysis.
Calculation of false-positive and false-negative rates suggests that, at Fort Bliss, low rates were calculated only for Chupadero Black-on-white and El Paso Brown (Table 16). Low false-negative rates were
also calculated for Three Rivers Red-on-terracotta, but false-positive rates were high for this ceramic type
for in-field analysis, indicating that the type was frequently misapplied to other ceramic types by the field
technicians. El Paso Polychrome had a moderate false-negative rate and a low false-positive rate, indicating that analysts performed fairly well in identifying the type. Other ceramic types mostly had high falsenegative rates and were misidentified 100 percent of the time by several analysts. With the exception of
indeterminate red-on-brown ware, which was identified erroneously in two cases by Field Technician 1,
these ceramic types also had low false-positive rates, because they were not identified by the in-field or
digital-photograph analyses.
The results for the Fort Huachuca site are similar; most ceramic types have high false-negative rates
and low false-positive rates, because they were either not identified or only rarely identified by the infield or digital-photograph analysis (Table 17). Overall error rates from the analyses of the Fort Huachuca
site were also similar to but slightly higher than those from the Fort Bliss site. As with ceramic wares at
Fort Huachuca, error rates were highest for the analysis performed by Field Technician 2 and lowest for
the analysis performed by Field Technician 1. The difference in error rates between in-field analyses
stems mostly from the fact that Field Technician 2 misidentified the relatively common Type III (micaceous schist) sherds in over two-thirds of cases and often identified sherds erroneously as indeterminate
painted ware or indeterminate red-on-buff sherds. Field Technician 1 misidentified Type III (micaceousschist inclusions) for approximately one-quarter of cases but also applied the label incorrectly to other
types. Otherwise, misidentification rates are high and very similar between the two in-field analyses for
ceramic types.
Overall, sherds of only two ceramic types were misidentified for a minority of cases at Fort Huachuca. Type II (smooth, sand) sherds were misidentified for approximately one-quarter of cases, as indicated by the false-negative rates; indeterminate red-on-buff sherds were misidentified for around
40 percent of cases, as indicated by the false-negative rates. The digital-photograph analysis misidentified
Type II (smooth, sand) sherds substantially less often than did the in-field analysis. At the same time,
however, false-positive rates show that the label “indeterminate red-on-buff” was frequently misapplied
by all analysts, as was “Type II (smooth, sand)” by the digital-photograph analysis. The digitalphotograph analysis also frequently misapplied the label “Red Type II (smooth, sand inclusions)” to
sherds of other types and, more rarely, misapplied the labels “indeterminate red-on-brown ware (broad
line)” and “indeterminate red-on-brown ware (fine line)” to ceramic artifacts of other types.
All together, these results suggest that many sherds, particularly those corresponding to specific types
that can be used to more precisely determine ceramic technology or temporal or cultural affiliation, would
be misidentified, were they only to be subjected to in-field analysis by field technicians or to digitalphotograph analysis by a trained specialist. These results further suggest that interpretations of the site
based on ceramic types would differ substantially according to the results of the in-field, digitalphotograph, and hands-on laboratory analyses. The relative proportions of different ceramic types at the
site (which are sometimes used to interpret a site’s temporal or cultural affiliation) differ substantially
among analyses, for instance. The most nuanced and detailed interpretation of the site in terms of chronology, cultural affiliation, and ceramic technology would be achieved as a result of the hands-on analysis. Thus, it appears that the most useful information potentially contributing to evaluation of a site would
be information derived from hands-on laboratory identification by a trained specialist, not information obtained on ceramic types by the other types of analyses.
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Table 16. False-Negative and False-Positive Error Rates at Fort Bliss,
According to Analysis Type, per Ceramic Type
False-Negative Rate
Ceramic Type

Field
Field
Technician 1 Technician 2

False-Positive Rate

DigitalPhotograph
Laboratory
Specialist

Total

Field
Field
Technician 1 Technician 2

DigitalPhotograph
Laboratory
Specialist

Total

Chupadero
Black-onwhite

—

—

0.25

0.08

—

—

—

—

El Paso
Bichrome
(red-onbrown)

1.00

1.00

1.00

1.00

—

—

—

—

El Paso Brown

—

—

—

—

—

—

—

—

El Paso
Polychrome

0.50

0.50

0.50

0.50

—

—

—

—

Indeterminate
fine paste
(unpainted)

1.00

1.00

1.00

1.00

—

—

—

—

Indeterminate
red-on-brown
ware

1.00

1.00

1.00

1.00

2.00

—

—

0.67

Playas Red
Incised

1.00

1.00

—

0.67

—

—

—

—

Three Rivers
Red-onterracotta

0.25

—

0.25

0.17

1.00

1.25

0.25

0.83

Type II (smooth,
sand)

1.00

1.00

1.00

1.00

—

—

—

—

Total

0.45

0.40

0.45

0.43

0.30

0.25

0.05

0.20

Note: Cells shaded in gray indicate low rates, and cells without shading indicate either moderate rates (normal typeface) or high rates
(boldface).

Table 17. False-Negative and False-Positive Error Rates at Fort Huachuca,
According to Analysis Type, per Ceramic Type
False-Negative Rate
Ceramic Type

Field
Field
Technician 1 Technician 2

False-Positive Rate

DigitalPhotograph
Laboratory
Specialist

Total

Field
Field
Technician 1 Technician 2

DigitalPhotograph
Laboratory
Specialist

Total

Babocomari
Bichrome

1.00

1.00

1.00

1.00

—

—

—

—

Casa Grande Redon-buff

1.00

1.00

1.00

1.00

—

—

—

—

Dragoon Red-onbrown
(elaborated)

1.00

1.00

0.89

0.96

0.11

—

—

0.04

continued on next page
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False-Negative Rate
Ceramic Type

Field
Field
Technician 1 Technician 2

False-Positive Rate

DigitalPhotograph
Laboratory
Specialist

Total

Field
Field
Technician 1 Technician 2

DigitalPhotograph
Laboratory
Specialist

Total

Encinas Red-onbrown

1.00

1.00

1.00

1.00

—

—

—

—

Indeterminate redon-brown ware
(broad line)

1.00

1.00

—

0.67

—

—

3.00

1.00

Indeterminate redon-brown ware
(fine line)

1.00

1.00

1.00

1.00

—

—

1.00

0.33

Indeterminate
Tucson Basin
Black-on-brown

1.00

1.00

1.00

1.00

4.00

—

—

1.33

Indeterminate
Tucson Basin
Red-on-brown

1.00

1.00

1.00

1.00

—

—

0.30

0.10

Indeterminate
buff ware (no
paint)

1.00

1.00

0.67

0.89

—

—

0.33

0.11

Indeterminate
painted ware

1.00

1.00

1.00

1.00

0.50

30.50

—

10.33

Indeterminate redon-brown ware

1.00

1.00

1.00

1.00

0.60

—

0.20

0.27

Indeterminate redon-buff ware

0.43

0.43

0.43

0.43

4.71

4.29

1.43

3.48

Indeterminate San
Simon Red-onbrown

1.00

1.00

1.00

1.00

—

—

—

—

Red Type II
(smooth, sand)

1.00

1.00

1.00

1.00

—

—

15.00

5.00

Rincon or Tanque
Verde Red-onbrown

1.00

1.00

1.00

1.00

—

—

—

—

Rincon Red-onbrown

1.00

1.00

0.40

0.80

—

—

—

—

Santa Cruz
Polychrome

1.00

1.00

1.00

1.00

—

—

—

—

Type II (smooth,
sand)

0.34

0.34

0.13

0.27

0.15

0.38

0.61

0.38

Type III (micaceous schist)

0.25

0.70

1.00

0.65

0.52

0.09

—

0.20

Total

0.40

0.53

0.50

0.48

0.36

0.50

0.43

0.43

Note: Cells shaded in gray indicate low rates and cells without shading indicate either moderate rates (normal typeface) or high rates
(boldface).
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Estimates of the Minimum Number of Vessels
A large number of sherds could correspond to one vessel or many, depending on ceramic type, vessel
size, and degree of vessel fragmentation, as well as other formation processes. Rather than individual
sherd counts, an estimate of the minimum number of vessels can better approximate the intensity of ceramic-artifact use. Ceramic-vessel-element and ceramic-type data were used to estimate the minimum
number of vessels present at each site. To calculate the minimum number of vessels, each rim sherd for a
particular ceramic type was counted, per analysis, as one vessel. If no rim sherds were identified by an
analysis for a particular ceramic type, but at least one body sherd of that type was identified, then a vessel
count of one was assigned to the type for the analysis. If one or more rim sherds were identified for a particular ceramic type, then any additional body sherds of the ceramic types did not add to the vessel count,
under the assumption that they could have come from a vessel for which a rim sherd had already been
identified. It is worth noting that information on the refitting of ceramic artifacts could conceivably be
used to refine vessel counts, but the above approach attempts to mimic the situation in which such information may not be available.
The results are instructive and complement the discussion above in regard to vessel elements and the
number of rim sherds identified by the various analyses (Tables 18 and 19). For both Fort Bliss and Fort
Huachuca, laboratory analyses resulted in vessel counts that were approximately 50 percent larger than
vessel counts arrived at using in-field-analysis results. The vessel counts calculated using the digitalphotograph-analysis results, although similar to the counts derived from the results of the hands-on analysis, were slightly larger or smaller at either site than the vessel counts calculated using the hands-on laboratory analysis. For either site, estimates of ceramic-use intensity based on the minimum number of vessels would be substantially underestimated if it were based on the in-field analysis. In contrast, vessel
counts arrived at based on digital-photograph analysis would probably be largely accurate.

Inferred Temporal Period
A final comparison made between analyses in terms of ceramic-artifact identifications was in regard to
temporal periods that could be inferred from the ceramic-type identifications. Many ceramic artifacts
could not be assigned to a specific temporal period, particularly in cases in which large numbers of ceramic artifacts were plain ware artifacts that could not be assigned to more-specific types. Most of these
ceramic artifacts should likely date to the period between A.D. 200 and 1450, when ceramic vessels are
documented to have been manufactured during prehistory in the region. However, it is at least theoretically plausible that some could have been manufactured prior to A.D. 200 or after A.D. 1450, during the
protohistoric or historical periods.
For the Fort Bliss site, on the order of three-quarters of the ceramic artifacts were identified to types
that could be dated to specific temporal periods (Table 20). Most of these types are associated with dates
spanning from A.D. 1125 to 1450. However, the hands-on laboratory analysis identified one type that
dates to an earlier period, A.D. 900–1150 (El Paso Bichrome [red-on-brown]), and both laboratory analyses identified a type that dates to between A.D. 1200 and 1400 (Playas Red Incised). All analyses identified two specimens as El Paso Brown, a relatively generic ceramic-artifact type that dates to A.D. 200–
1250. At Fort Bliss, overall patterns that could be inferred from ceramic-artifact counts, according to period, are relatively similar. In other words, most sherds with defined temporal affiliations date to the Late
Formative period. As noted above, however, ceramic-vessel use during the Middle Formative period (between A.D. 900 and 1150) could only be inferred on the basis of the hands-on laboratory analysis. Thus,
the hands-on laboratory ceramic-artifact analysis identified a temporal component that was not identified
by the other ceramic-artifact analyses conducted in the field or using only digital photographs.
For the Fort Huachuca site, typically only around 10 percent of ceramic artifacts could be dated to a
specific temporal period (Table 21). This is because most sherds lacked decoration, such as painted
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Table 18. Estimated Minimum Number of Vessels at Fort Bliss,
According to Analysis Type, per Ceramic Type
Ceramic Type

Field
Field
Technician 1 Technician 2

Hands-on Laboratory Digital-Photograph
Specialist
Laboratory Specialist

Total

Brown corrugated

—

1

—

—

1

Chupadero Black-on-white

1

1

1

1

4

El Paso Bichrome

1

1

—

—

2

El Paso Bichrome (red-on-brown)

—

—

1

—

1

El Paso Brown

2

2

2

2

8

El Paso Polychrome

1

2

3

1

7

Galisteo Black-on-white

—

—

—

1

1

Indeterminate fine paste (unpainted)

—

—

1

—

1

Indeterminate polychrome

—

—

—

1

1

Indeterminate red-on-brown ware

1

—

1

—

2

Playas Red Incised

—

—

1

1

2

Red ware

—

—

—

1

1

Red ware with El Paso paste (red slip)

—

—

—

1

1

San Andres Red-on-terracotta

—

—

—

1

1

San Francisco Red

—

—

—

1

1

Textured

1

—

—

—

1

Three Rivers Red-on-terracotta

1

1

1

2

5

Type II (smooth, sand)

—

—

1

—

1

Total

8

8

12

13
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Table 19. Estimated Minimum Number of Vessels at Fort Huachuca,
According to Analysis Type, per Ceramic Type
Ceramic Type

Field
Field
Hands-on Laboratory Digital-Photograph
Technician 1 Technician 2
Specialist
Laboratory Specialist

Total

Babocomari Bichrome

—

—

1

—

1

Brown or buff ware

—

—

—

1

1

Casa Grande Red-on-buff

—

—

1

—

1

Dragoon Red-on-brown (elaborated)

1

—

2

1

4

Encinas Red-on-brown

—

—

1

—

1

Indeterminate red-on-brown ware (broad
line)

—

—

1

1

2

Indeterminate red-on-brown ware
(elaborated)

—

—

—

1

1

Indeterminate red-on-brown ware (fine
line)

—

—

1

1

2

Indeterminate Tucson Basin Black-onbrown

1

—

1

—

2

Indeterminate Tucson Basin Red-onbrown

—

—

2

1

3
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Field
Field
Hands-on Laboratory Digital-Photograph
Technician 1 Technician 2
Specialist
Laboratory Specialist

Ceramic Type

Total

Indeterminate black-on-gray ware

—

1

—

—

1

Indeterminate brown or red ware

—

—

—

1

1

Indeterminate buff ware (no paint)

—

—

1

1

2

Indeterminate buff ware

—

—

—

1

1

Indeterminate painted ware

1

4

1

—

6

Indeterminate plain ware

—

—

—

1

1

Indeterminate red or brown plain ware

—

—

—

1

1

Indeterminate red-on-brown ware

1

—

2

1

4

Indeterminate red-on-buff ware

6

6

1

3

16

Indeterminate San Simon Red-on-brown

—

—

1

—

1

Red Type II (smooth, sand)

—

—

1

1

2

Rincon or Tanque Verde Red-on-brown

—

—

1

—

1

Rincon Red-on-brown

—

—

1

1

2

Santa Cruz Polychrome

—

—

1

—

1

Tanque Verde Red-on-brown

—

—

—

1

1

Trincheras Purple-on-red (nonspecular)

1

—

—

—

1

Type II (smooth, sand)

5

10

9

14

38

Type III (micaceous schist)

5

1

6

—

12

Type IV (phyllite)

2

1

—

3

23

23

32

113

Total

—
35

Table 20. Artifact and Vessel Counts at Fort Bliss, According to Analysis Type, per Temporal Period
Temporal Period
(A.D.)

Field Technician 1 Field Technician 2

Hands-on Laboratory
Specialist

Digital-Photograph
Laboratory Specialist

Total

200–1250

2 (2)

2 (2)

2 (2)

2 (2)

8 (8)

900–1150

—

—

1 (1)

—

1 (1)

1125–1300

7 (1)

9 (1)

4 (1)

5 (3)

25 (6)

1150–1450

6 (2)

6 (3)

8 (4)

5 (2)

25 (11)

1200–1400

—

—

1 (1)

1 (1)

2 (2)

Not determined

5 (3)

3 (2)

4 (3)

7 (5)

19 (13)

Total

20 (8)

20 (8)

20 (12)

20 (13)

80 (41)

Note: Estimated vessel counts are in parentheses.
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Table 21. Artifact and Vessel Counts at Fort Huachuca, According to Analysis Type, per Temporal
Period
Field
Technician 1

Field
Technician 2

Hands-on Laboratory
Specialist

Digital-Photograph
Laboratory Specialist

Total

650–750

—

—

1 (1)

4 (1)

5 (2)

700–1150

2 (1)

—

—

—

2 (1)

700–1300

37 (6)

34 (6)

11 (3)

16 (4)

98 (19)

750–950

—

—

1 (1)

1 (1)

2 (2)

950–1150

1 (1)

—

15 (4)

5 (3)

21 (8)

950–1300

—

—

1 (1)

—

1 (1)

1150–1300

—

—

1 (1)

2 (1)

3 (2)

Not determined

305 (15)

311 (17)

315 (24)

317 (22)

1,248 (78)

Total

345 (23)

345 (23)

345 (35)

345 (32)

1,380 (113)

Temporal Period (A.D.)

Note: Estimated vessel counts are in parentheses.

design elements, that would allow their placement into types affiliated with specific temporal periods. For
the in-field analysis at Fort Huachuca, most sherds that could be affiliated with a specific temporal period
were associated with a relatively broad period spanning the Middle and Late Formative periods, from
A.D. 700 to 1300. Field Technician 1, however, did identify a few sherds as dating to the Middle Formative period, one of which was dated to the period from A.D. 950 to 1150; the other two were dated more
broadly to the period from A.D. 700 to 1150. Substantial numbers of sherds dating to the Middle Formative period were identified only by the laboratory analyses; most were identified as dating to the period
from A.D. 950 to 1150, and one per laboratory-analysis type dates to the period from A.D. 750 to 950. In
addition, both the hands-on and digital-photograph laboratory analyses identified at least one ceramic artifact dating to the transition between the Early and Middle Formative periods (A.D. 650–750) as well as to
the early portion of the Late Formative period (A.D. 1150–1300).
Obviously, the temporal information derived from the laboratory analyses at Fort Huachuca was substantially more detailed and precise than the temporal information derived from the in-field analysis.
Three discrete periods were missed completely by the in-field analyses (A.D. 650–750, 750–950, and
1150–1300). Given that the dating of ceramic artifacts is often the principal evidence used to infer temporal affiliation of Formative period sites in Arizona and New Mexico, the temporal periods missed by the
in-field analysis would have likely affected site interpretation. The in-field analysis performed by Field
Technician 1 identified sherds dating to the period from A.D. 700 to 1300 and a few dating to A.D. 950–
1150; the in-field analysis performed by Field Technician 2 indicated only that site component(s) dated to
sometime within the larger range of A.D. 700–1300.
Overall, the level of agreement among analyses for temporal affiliation at the Fort Bliss site was similar to the level of agreement among analyses for ceramic type (see Table 4). This appears to be because
most ceramic artifacts at the Fort Bliss site were identified according to types that could be placed into a
small number of temporal periods. At Fort Huachuca, the level of agreement was quite low; roughly onequarter of observations were in agreement, on average (see Table 5). This is because in a substantial
number of cases, one observer identified a ceramic artifact as a type that could be dated, and another observer identified the same ceramic artifact as a type that does not have a defined temporal affiliation. The
result was a level of agreement regarding temporal affiliation that was, overall, much lower at the Fort
Huachuca site than at the Fort Bliss site.
Interestingly, the highest level of agreement was calculated for both sites for temporal affiliations
derived from the in-field analyses. For Fort Huachuca, this is largely because these analyses tended to
identify most sherds according to ceramic types that could only be placed in the same broad period
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(i.e., A.D. 700–1300). However, the greatest level of agreement between the hands-on laboratory analysis
and the other analyses was obtained, at both Fort Bliss and Fort Huachuca, between the hands-on laboratory analysis and the digital-photograph analysis. The level of agreement between the hands-on laboratory
analysis and the in-field analysis was lower at both sites. Thus, even though hands-on laboratory analysis
and digital-photograph analysis often disagreed on the identification of the ware and type of a ceramic artifact, the identifications made in a laboratory setting by trained specialists still identified the artifact as
associated with the same time period more often than did the in-field ceramic-artifact identifications.
Overall, false-negative rates and false-positive rates for temporal period were highest for in-field
analyses and lowest for digital-photograph analysis. At Fort Bliss, false-negative rates were low or moderate for all analyses for the periods A.D. 200–1250, 1125–1300, and 1150–1450 (Table 22). Falsepositive rates were high for the in-field analyses for the period A.D. 1125–1300, however, indicating that
artifacts that are not associated with the period A.D. 1125–1300 were erroneously identified by in-field
analysis as associated with that period. The few artifacts associated with the periods A.D. 900–1150 and
1200–1400 were misidentified by the in-field analysis in all cases, as were sherds with undetermined
temporal affiliations. Sherds associated with the periods A.D. 900–1150 and 1200–1400 were not identified by the in-field analysis, resulting in low false-positive rates. Artifacts not affiliated with a defined
temporal period were, however, erroneously identified by the in-field analysis, resulting in high falsepositive rates. The digital-photograph analysis had low error rates for the period A.D. 1200–1400 and for
sherds with undetermined temporal affiliations, but it erroneously identified a sherd as a type associated
with the period A.D. 900–1150, resulting in a high false-positive rate for the period.
In many cases at Fort Bliss, the misidentification of a temporal period would potentially be of little
consequence, because most of the temporal periods identified substantially overlap. However, the failure
of the in-field analysis to identify a component dating to the period A.D. 900–1150 and the failure of the
digital-photograph analysis to correctly identify a sherd with that period would have resulted in a failure
to identify a discrete temporal component at the site, were these analyses relied upon to interpret site
chronology. The only other ceramic artifacts spanning the Early and Middle Formative periods date to a
much broader span, from A.D. 200–1250, and could date to any time during the Early or Middle Formative period or to sometime during the early portion of the Late Formative period.
At Fort Huachuca, overall error rates for temporal period were quite low for both the in-field and the
digital-photograph analyses (Table 23). This is because most ceramic artifacts in the collection from the
sites were types that could not be affiliated with temporal periods. Moreover, these types were rarely incorrectly identified by the in-field or digital-photograph analyses as types that could be affiliated with a
defined temporal period. However, nearly all defined temporal-period affiliations were misidentified for
most or all cases by the in-field or digital-photograph analysis. False-negative rates were high for all periods identified, with exception of the period A.D. 650–750 for the digital-photograph analysis. The temporal affiliation of the one artifact dating to that period was correctly identified only by the digitalphotograph analysis. False-positive rates were low for most periods for in-field analysis, because it almost
never identified artifacts associated with most of the periods that were identified by the hands-on laboratory analysis. In contrast, false-positive rates were high for several periods for the digital-photograph
analysis, because although artifacts affiliated with these periods were identified by the digital-photograph
analysis, they were identified erroneously.
The misidentification of ceramic types at Fort Huachuca would potentially have substantial consequences for the interpretation of site chronology, particularly for in-field analysis. In-field analysis tended
to identify artifacts according to types affiliated with broad periods, whereas the hands-on laboratory and
digital-photograph analyses more often identified ceramic types affiliated with shorter and more-precisely
defined temporal periods. Intriguingly, although ceramic-type identifications resulting from the hands-on
laboratory and digital-photograph analyses would have resulted in the identification of the same periods
at Fort Huachuca, the digital-photograph analysis often arrived at these temporal affiliations through the
erroneous identification of types. In many cases in which the hands-on laboratory and digital-photograph
analyses agreed as to the temporal periods associated with ceramic types, the identified ceramic types
were different but dated to the same periods.
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Table 22. False-Negative and False-Positive Error Rates at Fort Bliss, According to Analysis Type,
per Temporal Period
False-Negative Rate
Temporal
Period (A.D.)

Field
Field
Technician 1 Technician 2

False-Positive Rate

DigitalPhotograph
Laboratory
Specialist

Total

Field
Field
Technician 1 Technician 2

DigitalPhotograph
Laboratory
Specialist

Total

200–1250

—

—

—

—

—

—

—

—

900–1150

1.00

1.00

1.00

1.00

—

—

1.00

0.33

1125–1300

0.25

—

0.25

0.17

1.00

1.25

0.25

0.83

1150–1450

0.25

0.25

0.38

0.29

—

—

0.38

0.13

1200–1400

1.00

1.00

—

0.67

—

—

—

—

Not determined

1.00

1.00

—

0.67

1.25

0.75

—

0.67

Total

0.45

0.40

0.25

0.37

0.45

0.40

0.25

0.37

Note: Cells shaded in gray indicate low rates, and cells without shading indicate either moderate rates (normal typeface) or high rates
(boldface).

Table 23. False-Negative and False-Positive Error Rates at Fort Huachuca, According to Analysis
Type, per Temporal Period
False-Negative Rate
Temporal
Period (A.D.)

Field
Field
Technician 1 Technician 2

False-Positive Rate

DigitalPhotograph
Laboratory
Specialist

Total

Field
Field
Technician 1 Technician 2

DigitalPhotograph
Laboratory
Specialist

Total

650–750

1.00

1.00

—

0.67

—

—

3.00

1.00

700–1300

0.64

0.64

0.55

0.61

3.00

2.73

1.00

2.24

750–950

1.00

1.00

1.00

1.00

—

—

1.00

0.33

950–1150

1.00

1.00

0.67

0.89

0.07

—

—

0.02

950–1300

1.00

1.00

1.00

1.00

—

—

—

—

1150–1300

1.00

1.00

1.00

1.00

—

—

2.00

0.67

Not determined

0.07

0.05

0.03

0.05

0.03

0.03

0.04

0.04

Total

0.14

0.12

0.09

0.11

0.13

0.12

0.09

0.11

Note: Cells shaded in gray indicate low rates, and cells without shading indicate either moderate rates (normal typeface) or high rates
(boldface).

50

Temporal Precision
In order to further compare the temporal information that could potentially be derived from in-field, digital-photograph, and hands-on laboratory analyses, an additional metric was calculated: weighted average
period length (Table 24). The weighted average period length provides an estimate of the precision of
temporal affiliations that resulted from the ceramic identifications. The smaller the number, the higher the
precision (no matter how accurate the identification). The metric was calculated in two ways. The first
method involved using all the ceramic artifacts to calculate the metric. The second method involved calculating the same metric using an estimate of vessel count (or minimum number of vessels) rather than
the combined total of all sherds.
At Fort Bliss, the weighted average period length exhibited only minor differences when the analysis
results were compared using all sherds; the resulting weighted average period length was between 322
and 360 years. The difference in weighted average period length between the hands-on laboratory analysis and other analyses was less than 10 percent when all sherds were used in making the calculation.
When estimated vessel counts were used to perform the analysis, however, the results were quite different and suggested a smaller weighted average period length for the laboratory analysis than for the infield analyses. Use of vessel counts for the analysis resulted in a weighted average period length of between 488 and 644 years. The difference between the laboratory analyses was less than 1 percent, but the
difference between the hands-on laboratory analysis and the in-field analysis was between 17 and
32 percent. Thus, it would appear that if vessel counts were used to interpret chronology at the Fort Bliss
sites, the laboratory analyses would be more precise, corresponding to shorter periods for temporal components than would be indicated by the in-field analysis.
At Fort Huachuca, the weighted average period length was substantially shorter for laboratory analyses
than for in-field analysis, both when all ceramic artifacts were used to make the calculation and when vessel
counts were used to make the calculation. Use of all sherds for the analysis resulted in a weighted average
period length of between 346 and 600 years. The difference between the hands-on laboratory analysis and
the other analyses was between 18 and 73 percent when all sherds were used to make the calculation.
When estimated vessel counts were used to perform the analysis at Fort Huachuca, the results were
similar in overall pattern but suggested a smaller weighted average period length for several analyses and a
larger difference between the hands-on laboratory analysis and the other analyses. Use of vessel counts for
the analysis resulted in a weighted average period length of between 244 and 600 years. The difference between the laboratory analyses was more than 40 percent; the difference between the hands-on laboratory
analysis and the in-field analysis for weighted average period length was between 117 and 145 percent. For
the Fort Huachuca ceramic data, the implication of the results is that regardless of whether all sherds or vessel counts are used, the precision of temporal periods is, on average, greater for laboratory analyses (with
shorter temporal periods more often identified). This is particularly the case for the hands-on laboratory
analysis. The differences in temporal precision of ceramic identification between analyses were most pronounced when vessel counts were used. Thus, we may conclude that laboratory analysis of ceramic artifacts
by a trained specialist, particularly hands-on laboratory analysis, can result in substantially more-precise
temporal data than can be arrived at based on in-field analysis of ceramic artifacts.

Cohen’s Kappa and McNemar’s Test for Bias
As discussed in the introduction to this chapter, Cohen’s kappa and McNemar’s test for bias were calculated for select vessel elements, ceramic wares, and ceramic types. These statistics help to further evaluate
the level of agreement between analyses in artifact identification and to identify the vessel elements, ceramic wares, and ceramic types for which there is evidence for systematic bias in artifact identification.
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Table 24. Weighted Average Period Length, According to Analysis Type, by Site and
Estimation Method
Weighted Average Period Length (Years)
Estimation Method, by Site

Field
Technician 1

Field
Technician 2

Hands-on Laboratory
Specialist

Digital-Photograph
Laboratory Specialist

Total

All sherds

341.7

322.1

353.1

359.6

343.0

Vessel estimate

643.8

575.0

489.3

487.5

547.6

All sherds

584.4

600.0

346.7

410.7

500.7

Vessel estimate

531.3

600.0

244.4

350.0

450.0

Fort Bliss

Fort Huachuca

The statistics were calculated for the in-field and digital-photograph analyses with the assumption that the
hands-on laboratory analysis was most likely to have been accurate.

Cohen’s Kappa and McNemar’s Test for Bias at Fort Bliss
At Fort Bliss, Cohen’s kappa and McNemar’s test for bias were calculated for body sherds, Jornadaregion ceramics, and Three Rivers Red-on-terracotta, because these were the most commonly identified
vessel element, ware, and ceramic type (Table 25). Cohen’s kappa indicates that the level of agreement
was good for the in-field analysis performed by Field Technician 1 and very good for the other analyses
(see Table 3). Cohen’s kappa was good for Jornada-region ceramics and for Three Rivers Red-onterracotta only for the digital-photograph analysis. For Jornada-region ceramics, the level of agreement
was poor for the in-field analysis performed by Field Technician 1 and fair for the in-field analysis performed by Field Technician 2. For Three Rivers Red-on-terracotta, the level of agreement was similar between in-field analyses and was either fair or moderate. McNemar’s test for bias indicated that systematic
bias was not evident for any of the compared types, despite the low level of agreement in a number of
cases. Overall, an acceptable level of agreement was achieved for body sherds for all analyses and for
Jornada-region ceramics and Three Rivers Red-on-terracotta only for the digital-photograph analysis.

Cohen’s Kappa and McNemar’s Test for Bias at Fort Huachuca
At Fort Huachuca, Cohen’s kappa and McNemar’s test for bias were calculated for body sherds, Hohokam Buff Ware, plain ware, indeterminate red-on-buff ware, Type II (smooth, sand), and Type III (micaceous schist) (Table 26). As with Fort Bliss, Cohen’s kappa indicates a good or very good level of agreement for all analyses for body sherds. For many other types, however, the level of agreement is poor or
fair, and evidence for systematic bias is common. For these types, an acceptable level of agreement was
reached only for plain ware for the in-field analysis performed by Field Technician 1. All other analyses
had unacceptable levels of agreement for all types. Moreover, evidence for systematic bias was common,
particularly for in-field analyses. For digital-photograph analysis, systematic bias was evident for fewer
types: Type II (smooth, sand) and Type III (micaceous schist). Systematic bias occurred for these types in
the digital-photograph analysis, because the digital-photograph analysis tended to identify Type III (micaceous schist) sherds as Type II (smooth, sand) sherds and never identified an artifact as Type III (micaceous schist).
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Table 25. Cohen’s Kappa at Fort Bliss, According to Analysis Type, per Ceramic Type
Cohen’s Kappa

Artifact Identification by Handson Laboratory Specialist

Observational
Category

Body sherd

vessel element

0.63

0.89

0.89

Jornada-region ceramics

ceramic ware

0.08

0.27

0.63

Three Rivers Red-on-terracotta

ceramic type

0.39

0.47

0.69

Field Technician 1 Field Technician 2

Digital-Photograph Laboratory
Specialist

Note: McNemar’s test for bias indicated no systematic bias for these data.

Table 26. Cohen’s Kappa at Fort Huachuca, According to Analysis Type, per Ceramic Type
Cohen’s Kappa

Artifact Identification by Handson Laboratory Specialist

Observational
Category

Field Technician 1

Field Technician 2

Digital-Photograph
Laboratory Specialist

Body sherd

vessel element

0.85

0.79

0.77

Hohokam Buff Ware

ceramic ware

0.17

0.18

0.35

Plain ware

ceramic ware

0.75

0.37

0.40

Indeterminate red-on-buff ware

ceramic type

0.15

0.17

0.36

Type II (smooth, sand)

ceramic type

0.46

0.18

0.13

Type III (micaceous schist)

ceramic type

0.49

0.32

—

Note: Boldface values indicate systematic bias, based on the results of a McNemar’s test for bias.

Summary and Discussion
The above discussions show that substantial variation in ceramic-artifact identification is likely to occur,
depending on whether an analysis is performed in the field by a field technician, in the laboratory by a
trained specialist using only digital photographs, or in the laboratory by a trained specialist who has direct
access to the physical artifacts. Clearly, ceramic-artifact attributes were frequently misidentified by both
in-field and digital-photograph analyses, sometimes at alarmingly high rates. Moreover, the levels of
agreement between analyses generally declined as the number of potential attribute values increased. The
highest levels of agreement were calculated for vessel element, of which only a few attributes are possible
(e.g., rim sherd, body sherd, and indeterminate vessel element). Levels of agreement between analyses
were lower for ceramic ware and still lower for ceramic type and temporal affiliation. This suggests that
as the number of potential attribute values increases, variation among analyses in artifact identification
also increases.
Interestingly, whether digital-photograph analysis performed better or worse than or similarly to infield analysis varied among attributes as well as between sites. One might have expected digitalphotograph analysis to perform better than in-field analysis, particularly because a trained specialist made
the artifact identifications. It appears, however, that the digital photographs did not always adequately
convey the information that was needed to correctly identify a ceramic artifact. Variation in artifact identification was also relatively common between in-field analyses, and a large divergence between field
identifications was particularly common at Fort Huachuca. Variation among in-field analyses likely
stemmed from differing understandings of artifact-type definitions as well as differing levels of experience among the field technicians. Overall, variation among analyses in artifact identification was greatest
at Fort Huachuca—a result that appears to have stemmed from a larger and more diverse collection of ce53

ramic artifacts that corresponded to a wider array of technological traditions and temporal affiliations and
thus introduced a greater opportunity for errors to be made.
In many cases, difference among analyses in artifact identification would likely lead to substantial
differences in site interpretation. It follows that at least some of these discrepancies also could have contributed to differences in how each site would be managed or evaluated. Some discrepancies among the
analyses in artifact identification would have been of more consequence than others, such as the case in
which a ceramic type at Fort Huachuca was identified by in-field analysis as an indeterminate red-on-buff
sherd dating to A.D. 700–1300, although the ceramic was actually a Dragoon Red-on-brown sherd dating
to A.D. 950–1150, as determined by hands-on laboratory analysis. In such a case, the in-field identification would suggest that the artifact is potentially affiliated with the Gila-Salt Basin Hohokam and dates to
a broad period that encompasses the Pioneer, Colonial, Sedentary, and Early Classic periods of the Hohokam cultural sequence. The hands-on laboratory identification, in contrast, would indicate that the artifact
is affiliated with the more locally based San Pedro River valley tradition and can be dated to a briefer period corresponding only to the Sedentary period of the Hohokam cultural sequence. In comparison to the
in-field analysis, the hands-on laboratory analysis is arguably more accurate in terms of ceramic tradition,
technology, and cultural affiliation as well as much more precise in terms of temporal affiliation. Obviously, these kinds of information are far more valuable to understanding the importance of a site and its
relationship to other sites, in terms of site use, chronology, settlement pattern, and cultural affiliation.
By the same token, as substantial as some of the differences in artifact identification could be, the differences at Fort Bliss were not quite as disparate among analyses—a result that may correspond to less
ceramic diversity at Fort Bliss than at Fort Huachuca as well as differences in the experience of field
crews with recognizing ceramic-artifact types. It seems that it is possible in some investigative contexts
that in-field analysis can arrive at ceramic-analysis results that are reasonably congruent with those from a
hands-on laboratory analysis (at least in terms of their overall distribution), to the extent that a fairly accurate and precise interpretation of some aspects of a site’s ceramic assemblage can be achieved through infield analysis. However, this is not a guarantee. Clearly, broadly disparate results can also be obtained
from different analytical settings and levels of experience.
As a consequence, a substantial level of uncertainty can be associated with interpreting the results of
in-field analysis of ceramic artifacts. Although sometimes quite good, in-field analysis is likely to be less
reliable than hands-on laboratory analysis. By the same token, relying on digital photographs alone for artifact analysis, even when analysis is performed by a trained specialist, can result in the erroneous identification of some ceramic wares and types, including those that are not likely to be present at a site. For instance, multiple red ware sherds were identified in the collection from the Fort Huachuca site by the
digital-photograph analysis alone, but none was likely present in the collection. Similarly, a Galisteo
Black-on-white ceramic artifact was identified in the collection from the Fort Bliss site by the digitalphotograph analysis alone, but the sherd is likely to be Chupadero Black-on-white.
Tables 27 and 28 summarize some of the ceramic-analysis results that could have been used to interpret the Fort Bliss and Fort Huachuca sites investigated during this project. For both sites, the greatest
number of vessels, highest ceramic richness, and greatest number of temporal periods could be interpreted
based on the laboratory analyses. The greatest number of rim sherds was identified by the hands-on laboratory analysis. At both sites, the number of ceramic wares was likely overestimated by the digitalphotograph analysis and underestimated by the in-field analysis.
At Fort Bliss, the minimum number of vessels and the number of ceramic types were likely overestimated by the digital-photograph analysis and underestimated by the in-field analysis. The number of rim
sherds and the number of temporal periods were likely underestimated by the in-field and digitalphotograph analyses. At Fort Huachuca, the numbers of rim sherds, ceramic vessels, ceramic types, and
temporal periods were likely underestimated by the in-field and digital-photograph analyses, particularly
the in-field analysis. At both sites, the precision of the inferred temporal periods was highest for laboratory analyses and considerably lower for in-field analysis, indicating that ceramic identifications made in
the field would tend to identify sherds as belonging to types that would be placed in broader periods than
those associated with types identified in the laboratory.
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Observer

Rim-Sherd Count

Minimum Number
of Vessels

Ceramic-Type
Richness

Ceramic-Ware
Richness

Temporal-Period
Count

Weighted Average
Temporal Period
Length (Years),
Based on Vessel
Count

Table 27. Summary of Results of Ceramic Analysis at Fort Bliss, per Analysis Type

Field Technician 1

4

8

7

3

3

575

Indeterminate painted ware; Jornadaregion ceramics; plain ware.

Field Technician 2

6

8

6

2

3

529

Jornada-region ceramics.

Hands-on laboratory
specialist

7

12

9

4

5

436

Chihuahua tradition; indeterminate
painted ware; Jornada-region ceramics;
plain ware.

Digital-photograph
laboratory specialist

6

13

11

6

4

428

Chihuahua tradition; indeterminate
painted ware; Jornada-region ceramics;
Mimbres Mogollon ceramics; Northern Rio Grande ware; plain ware.

Ceramic Wares

Note: Text in gray font indicates a ware that was identified by one analysis and was not identified by the hands-on laboratory analysis.

Observer

Rim-Sherd Count

Minimum Number
of Vessels

Ceramic-Type
Richness

Ceramic-Ware
Richness

Temporal-Period
Count

Weighted Average
Temporal Period
Length (Years),
Based on Vessel
Count

Table 28. Summary of Results of Ceramic Analysis at Fort Huachuca, per Analysis Type

Field Technician 1

20

23

10

6

3

531

Hohokam Buff Ware; indeterminate
painted ware; plain ware; San Pedro
River valley tradition; Trincheras;
Tucson Basin ceramics.

Field Technician 2

21

23

7

3

1

600

Hohokam Buff Ware; indeterminate
painted ware; plain ware.

Hands-on laboratory
specialist

24

35

20

8

6

309

Hohokam Buff Ware; indeterminate
painted ware; plain ware; red ware; San
Pedro River valley tradition; San
Simon series; Tucson Basin ceramics;
Upper/Middle Santa Cruz River valley tradition.

Digital-photograph
laboratory specialist

22

32

18

9

5

345

Brown or buff ware; brown or red
ware; buff ware; Hohokam Buff Ware;
indeterminate painted ware; plain ware;
red ware; San Pedro River valley tradition; Tucson Basin ceramics.

Ceramic Wares

Note: Text in gray font indicates a ware that was identified by one analysis and was not identified by the hands-on laboratory analysis;
text in boldface indicates a ware that was identified only by the hands-on laboratory analysis.
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Finally, at both sites, the ceramic wares and types identified differed among analyses. At Fort Bliss,
ceramic artifacts corresponding to Mimbres Mogollon ceramics and Northern Rio Grande wares were
identified by the digital-photograph analysis but were not identified by any other analysis and were not
likely present in the collection. At the Fort Huachuca site, a Trincheras ceramic artifact was identified by
one of the in-field analyses, and ceramic types of several generic wares were identified by the digitalphotograph analysis. Again, artifacts of these wares were likely not present in the collection. At the same
time, the hands-on laboratory analysis identified ceramic artifacts of two relatively rare wares at Fort
Huachuca—San Simon series and Upper/Middle Santa Cruz River valley tradition—that were not identified by any other analyses and would have been particularly important to an interpretation of the site’s use
during prehistory.
All together, these results suggest that the greatest level of accuracy and precision in ceramic-artifact
analysis is achieved by hands-on analysis. Although some interpretations of a site resulting from in-field
analysis or digital-photograph analysis will be in agreement with those derived from hands-on analysis,
many diverge from interpretations that could be derived from hands-on analysis. We might therefore conclude that neither in-field analysis nor digital-photograph analysis are likely to be as reliable as hands-on
laboratory analysis in identifying ceramic artifacts or deriving inferences based on those artifacts to interpret a site. Thus, evaluations or management decisions based on the results of in-field or digitalphotograph analyses are more likely to be in error than those based on the results of hands-on laboratory
analysis by a trained specialist.
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CHAPTER 4

Lithic Analysis

In this chapter, the results of the four different analyses of lithic artifacts performed at each of the two project sites are discussed. For the Fort Bliss site, 105 lithic artifacts were analyzed. Most of the artifacts in the
collection were flaked stone tools or cores or ground/battered stone tools. Though not rare at the site overall,
flakes and debris were rare in the collection analyzed for this project. It appears that because absolute limits
were placed on the numbers of artifacts subjected to analysis, investigators at Fort Bliss favored identification of tools and cores over identification of flakes. The number of lithic artifacts analyzed for the Fort Huachuca site was somewhat larger, totaling 150 artifacts; the majority of these artifacts were flakes. The absolute and relative frequencies of flaked stone tools and cores and ground/battered stone tools from the Fort
Huachuca site were lower than those from the Fort Bliss site.
In this chapter, we have focused on making comparisons among analyses for a series of three attributes of lithic artifacts: production method (i.e., flaked stone, expedient use, ground/battered stone, or noncultural), material type, and technological type (e.g., biface, metate, or core). For each of these attributes,
several metrics (as introduced in Chapter 2) were calculated: agreement index, false-negative and falsepositive rates, Cohen’s kappa, and McNemar’s test for bias. Agreement indexes were calculated for all
pairs of analyses in order to provide an overall understanding of which analyses were more or less in
agreement. The other metrics were calculated by assuming that hands-on laboratory analysis provided the
most-accurate results, and it functioned as the “gold standard” in artifact identification for this project.
In addition to the above metrics, the distributions of attribute values were compared among analyses
in order to evaluate the degree to which site interpretations would converge or diverge if site interpretation were to be based on the results of the different individual analyses. Whereas the above metrics are
based on per-artifact comparisons (either between pairs of analyses or between the hands-on analysis and
the other analyses), the distributional comparisons investigated the potential implications that the different
analyses could have in terms of the kinds of activities performed at a site and their relative intensities, regardless of whether individual artifact analyses were precisely the same or not. In other words, one analysis could identify six artifacts as cores made on rhyolite and three artifacts as flakes made on quartzite,
whereas another analysis may identify a different set of six artifacts as cores made on rhyolite and a different set of three artifacts as flakes made on quartzite. Although, in this hypothetical scenario, none of
the artifact identifications would agree with each other, the distribution of the results would be the same
and could contribute in an identical manner to site interpretation, regardless of which specific artifacts
were cores made on rhyolite or flakes made on quartzite.
Below, each of the lithic attributes focused on for analysis (production method, material type, and
technological type) are discussed in turn. This is followed by a discussion of the results from calculations of Cohen’s kappa and McNemar’s test for bias for select artifact attributes and then by a summary
of the results.

Production Method
In total, four production methods were recorded for artifacts made on lithic materials: expedient use,
ground/battered stone, flaked stone, and noncultural. An expedient-use artifact is an artifact that has been
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culturally modified incidentally, as a result of use but not as a result of deliberate shaping or design. For
this project, expedient-use artifacts are differentiated from flaked stone and ground stone artifacts that
were intentionally shaped to fulfill a particular tool function. Generally, one would expect that the production method of lithic artifacts, as defined above, would be consistently identified, given that the categories correspond to artifacts of substantially divergent functions and manufacturing technologies. One
might also expect there to be some disparity in terms of whether or not an artifact is identified as expedient use, because the assessment may, at times, amount to a judgment call regarding the level of effort put
into preparing and shaping an artifact for use. However, expedient-use artifacts were either hammerstones
or hand stones that had been used opportunistically for either percussion or grinding activities or both but
that are sometimes misclassified as specific kinds of manos. The “noncultural” production method refers
to collected artifacts that have been identified by a field technician as having been culturally modified but
later identified as noncultural in origin by a lithic specialist during laboratory analysis.
Variation among analyses in production-method identification is discussed below for each of the two project sites, followed by a discussion of the agreement-index and misidentification-rate results for both sites.

Production Method at Fort Bliss
Two lithic artifacts from the Fort Bliss site were identified during the hands-on lithic analysis as noncultural (Table 29). The in-field and digital-photograph analyses, in contrast, considered the two artifacts to
be cultural in origin. One of the artifacts was identified during the in-field or digital-photograph analysis
as a core made on either chert or limestone. The other artifact was identified as either a tabular knife made
on limestone or a retouched piece made on either chert or limestone.
Production-method identifications for the Fort Bliss site were frequently in close agreement among analyses, but they were never in perfect agreement. In addition to the two noncultural artifacts, identification of
production methods for four artifacts varied among the analyses. One artifact (PD 12148) was identified
as a flaked stone core by both in-field analyses but was identified as an expedient-use hammerstone by
the digital-photograph analysis and as an expedient-use hand stone by the hands-on laboratory analysis.
Another artifact (PD 12162) was identified by one in-field analysis as an expedient-use hammerstone but
was identified by the other analyses as a ground/battered stone one-handed mano or undetermined mano.
A third artifact (PD 12338) was identified as an expedient-use chert hammerstone by one of the in-field
analyses but as a flaked stone limestone hammerstone by the other analyses. A fourth artifact (PD 12147)
was identified as an expedient-use hand stone, an expedient-use hammerstone, or a flaked stone core. Although these variations in identification are understandable and probably would not have major consequences on interpretation of this site, variation in these identifications among observers could potentially
have some effect on a site’s interpretation if, for instance, such artifacts were the only instances of a particular production method at the site (i.e., flaked stone, ground/battered stone, or expedient use) and thus
were used to identify the presence or absence of an activity involving such artifacts.

Production Method at Fort Huachuca
Five lithic artifacts from the Fort Huachuca site were identified during the hands-on lithic analysis as noncultural; one was also identified during the digital-photograph analysis as noncultural (Table 30). Among
analyses that considered these noncultural specimens to be cultural in origin, classifications varied. One
specimen was classified as a core flake, a tested cobble, or a retouched piece; a second was identified as either a core or a core flake; a third was identified as angular debris or noncultural; a fourth was identified as
either a core flake or angular debris; and the fifth was identified as angular debris, a core, or FCR.
Classifications of 10 lithic artifacts from Fort Huachuca varied among the analyses (Table 31). These
tended to be artifacts classified variously by analysts as flaked stone angular debris, FCR, cores, core
flakes, or ground/battered stone objects of undetermined type. In one case, an artifact identified by the
hands-on laboratory analysis as a flaked stone uniface was identified by the in-field analysis as a flaked
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Table 29. Artifact Counts at Fort Bliss, According to Analysis Type, per Production Method
Field
Technician 1

Production Method

Field
Technician 2

Hands-on Laboratory
Specialist

Digital-Photograph
Laboratory Specialist

Total

Expedient use

5

6

6

6

23

Flaked stone

78

78

75

77

308

Ground/battered stone

22

21

22

22

87

Noncultural

—

—

2

—

2

105

105

105

105

420

Total

Table 30. Artifact Counts at Fort Huachuca, According to Analysis Type, per Production Method
Field
Technician 1

Production Method

Expedient use
Flaked stone
Ground/battered stone
Noncultural
Total

Field
Technician 2

Hands-on Laboratory
Specialist

Digital-Photograph
Laboratory Specialist

Total

1

1

—

1

3

143

146

139

142

570

6

3

6

6

21

—

—

5

1

6

150

150

150

150

600

Table 31. Cases of Production-Method Disagreement at Fort Huachuca, According to Analysis Type
Field Technician 1

Field Technician 2

Hands-on Laboratory
Specialist

Digital-Photograph
Laboratory Specialist

9

flaked stone quartzite
fire-cracked rock

flaked stone quartzite
angular debris

noncultural quartzite
specimen

flaked stone quartzite core
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flaked stone sandstone
core flake

flaked stone andesite
angular debris

noncultural quartzite
specimen

flaked stone quartzite
angular debris

Provenience
Designation No.

121

flaked stone chert angular flaked stone chalcedony
debris
angular debris

noncultural chert specimen noncultural chert specimen

152

ground/battered stone flaked stone basalt angular
quartzite undetermined
debris
ground stone

ground/battered stone
quartzite undetermined
ground stone

ground/battered stone
quartzite undetermined
ground stone

247

expedient-use quartzite
hammerstone

ground/battered stone
quartzite undetermined
ground stone

ground/battered stone
quartzite one-handed mano

263

ground/battered stone flaked stone basalt angular flaked stone quartzite core flaked stone quartzite core
quartzite undetermined
debris
flake
flake
ground stone

expedient-use quartzite
hammerstone

399

flaked stone rhyolite core

flaked stone other core

flaked stone rhyolite cobble
uniface

expedient-use rhyolite
hammerstone

429

flaked stone rhyolite core
flake

flaked stone other core

noncultural rhyolite
specimen

flaked stone rhyolite core
flake

ground/battered stone
quartzite undetermined
metate

ground/battered stone
granite undetermined
ground stone

noncultural rhyolite
specimen

flaked stone rhyolite tested
cobble

449

479

ground/battered stone flaked stone quartzite core
quartzite undetermined
ground stone
flaked stone rhyolite
retouched piece

flaked stone other core flake
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stone core and as an expedient-use hammerstone by the digital-photograph analysis. In another case, an
artifact identified by the hands-on laboratory analysis as a ground/battered stone metate of undetermined
type was identified by two analyses as a ground/battered artifact of undetermined type, and one of the infield analyses identified the artifact as a flaked stone core.

Production-Method Agreement and Error Rates at Both Sites
Production-method identifications were generally consistent at both project sites, as one might expect. For
Fort Bliss, the agreement index for production method was calculated as 0.97, on average (Table 32). For
Fort Huachuca, the agreement index for production method was slightly lower and more variable, calculated as 0.96, on average (Table 33). In other words, between analyses, there was agreement as to the
class of an artifact in more than 95 percent of cases.
Similarly, the false-positive and false-negative rates for production method were low, overall, for both
sites: 0.05 or less for all analyses (Tables 34 and 35). For both sites, false-positive and false-negative rates
were slightly higher overall for the in-field analysis than for the digital-photograph analysis. For Fort Bliss,
artifacts identified by the hands-on laboratory analysis as expedient-use artifacts were occasionally misidentified by the in-field analysis as having been made through a different production method. In a couple of
cases, a flaked stone or ground/battered stone artifact was identified by in-field analysis incorrectly as an
expedient-use artifact. In contrast, the digital-photograph analysis always correctly identified whether an artifact was expedient use or not. At Fort Huachuca, noncultural artifacts were always misclassified by the infield analysis; the digital-photograph analysis identified one artifact as noncultural that was also identified as
noncultural by the hands-on laboratory analysis. For the Fort Huachuca site, artifacts identified as
ground/battered stone by the hands-on laboratory analysis were misidentified by the in-field analysis in a
number of cases but were never misidentified by the digital-photograph analysis. Flaked stone artifacts were
rarely misidentified as having been made through a different production method. Artifacts identified as noncultural were misclassified as cultural in most cases at both sites.
Overall, misidentification rates for production method suggest that digital-photograph analysis accurately identified the production method of lithic artifacts nearly all of the time but that noncultural specimens were difficult to identify using only digital photographs. In-field analysis was also generally successful at correctly identifying the production method of an artifact nearly all of the time, but potentially,
noncultural items were misidentified as cultural and ground/battered stone artifacts and expedient-use artifacts were misidentified in perhaps one-quarter or more of cases.

Material Type
The identification of lithic artifacts according to material type can be important for resolving a variety of
issues related to site interpretation, including interpreting where site inhabitants may have traveled before
arriving at a site, evidence for trade and exchange, material preference, territoriality, and sometimes even
artifact function. For instance, vesicular basalt was often used in place of other materials to make trough
metates for grinding maize, presumably because of the material’s superior performance characteristics in
that function (Adams 2002:Table 3.1). The identification of ground stone artifacts made on vesicular basalt, particularly trough metates and manos, can thus sometimes be important in inferring whether maize
was likely to have been processed at a site, an important consideration for assessing site function as well
as the contribution of cultigens to subsistence economies.
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Table 32. Agreement Index for Lithic-Artifact Analysis at Fort Bliss,
According to Production Method, Material Type, and Technological Type
Observer 2

Production-Method
Agreement

Material-Type
Agreement

Technological-Type
Agreement

Overall
Agreement

Hands-on laboratory
specialist

Field Technician 1

0.98

0.72

0.54

0.75

Hands-on laboratory
specialist

Field Technician 2

0.96

0.80

0.52

0.76

Hands-on laboratory
specialist

Digital-photograph
laboratory specialist

0.98

0.59

0.50

0.69

Field Technician 1

Field Technician 2

0.97

0.66

0.48

0.70

Field Technician 1

Digital-photograph
laboratory specialist

0.97

0.68

0.48

0.71

Field Technician 2

Digital-photograph
laboratory specialist

0.98

0.59

0.39

0.65

Average

0.97

0.67

0.48

0.71

CV (%)

0.8

Observer 1

12.0

10.7

5.8

Key: CV = coefficient of variation.

Table 33. Agreement Index for Lithic-Artifact Analysis at Fort Huachuca,
According to Production Method, Material Type, and Technological Type
Observer 2

Production-Method
Agreement

Material-Type
Agreement

Technological-Type
Agreement

Overall
Agreement

Hands-on laboratory
specialist

Field Technician 1

0.95

0.83

0.67

0.82

Hands-on laboratory
specialist

Field Technician 2

0.95

0.09

0.33

0.46

Hands-on laboratory
specialist

Digital-photograph
laboratory specialist

0.97

0.79

0.65

0.80

Field Technician 1

Field Technician 2

0.98

0.10

0.37

0.48

Field Technician 1

Digital-photograph
laboratory specialist

0.97

0.72

0.59

0.76

Field Technician 2

Digital-photograph
laboratory specialist

0.97

0.09

0.31

0.46

Average

0.96

0.44

0.49

0.63

CV (%)

1.3

Observer 1

85.9

Key: CV = coefficient of variation.
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34.9

28.8

Table 34. False-Negative and False-Positive Error Rates at Fort Bliss,
According to Analysis Type, per Production Method
False-Negative Rate
Production
Method

Field
Field
Technician 1 Technician 2

False-Positive Rate

DigitalPhotograph
Laboratory
Specialist

Total

Field
Field
Technician 1 Technician 2

DigitalPhotograph
Laboratory
Specialist

Total

Expedient use

0.33

0.17

—

0.17

0.17

0.17

—

0.11

Flaked stone

0.01

—

—

—

0.05

0.04

0.03

0.04

—

0.05

—

0.02

—

—

—

—

Noncultural

1.00

1.00

1.00

1.00

—

—

—

—

Total

0.05

0.04

0.02

0.03

0.05

0.04

0.02

0.03

Ground/battered
stone

Note: Cells shaded in gray indicate low rates, and cells without shading indicate either moderate rates (normal typeface) or high rates
(boldface).

Table 35. False-Negative and False-Positive Error Rates at Fort Huachuca,
According to Analysis Type, per Production Method
False-Negative Rate
Production
Method

Field
Field
Technician 1 Technician 2

False-Positive Rate

DigitalPhotograph
Laboratory
Specialist

Total

Field
Field
Technician 1 Technician 2

DigitalPhotograph
Laboratory
Specialist

Total

Flaked stone

0.01

—

0.01

—

0.04

0.05

0.03

0.04

Ground/battered
stone

0.17

0.50

—

0.22

0.17

—

—

0.06

Noncultural

1.00

1.00

0.80

0.93

—

—

—

—

Total

0.05

0.05

0.03

0.04

0.04

0.05

0.03

0.04

Note: Cells shaded in gray indicate low rates, and cells without shading indicate either moderate rates (normal typeface) or high rates
(boldface).

Material Type at Fort Bliss
At Fort Bliss, nine different material types were identified (Table 36). The material type for three artifacts
was not determined by the hands-on laboratory analysis (i.e., was recorded as “undetermined”). The most
commonly identified material types in the Fort Bliss collection were chert, limestone, and sandstone.
Chalcedony was also identified in one or two instances by each analyst. Basalt, granite, obsidian, quartzite, and rhyolite were identified by three or fewer of the four analyses. Three of these material types (basalt, granite, and quartzite) were not identified by the hands-on laboratory analysis, suggesting that they
may not have been present in the collection.
Interestingly, each analysis of lithic artifacts at Fort Bliss resulted in the identification of six or seven
material types, but the identified material types varied per analysis. Thus, in-field analysis could potentially identify the correct number of material types in a collection of lithic artifacts, even when the material types for some artifacts are misidentified. In other words, field technicians can be effective in discerning
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Table 36. Artifact Counts at Fort Bliss, According to Analysis Type, per Material Type
Material Type

Basalt

Field Technician 1

Field Technician 2

—

—

1

Hands-on Laboratory Digital-Photograph
Specialist
Laboratory Specialist

Total

—

1

1

2

1

2

6

55

69

68

40

232

1

—

1

2

Limestone

29

20

14

53

116

Obsidian

—

—

1

—

1

Quartzite

1

3

—

—

4

Rhyolite

6

1

1

—

8

Sandstone

12

10

17

8

47

Not determined

—

—

3

—

3

105

105

105

105

420

7

6

6

6

9

Chalcedony
Chert
Granite

Total
Richness

—

the presence of distinctive material types but may, at times, not be experienced enough to correctly identify what specific material types are present. An interesting result of the identification of lithic-material
types at Fort Bliss was that, in comparison to other analyses, the digital-photograph analysis appears to
have underemphasized the identification of chert and overemphasized the identification of limestone. The
results for the digital-photograph analysis are highly anomalous in identifying more artifacts made on
limestone and fewer artifacts made on chert than expected. When the results of the digital-photograph
analysis for these two material types are compared to the results from the hands-on laboratory analysis us2
ing a chi-square test, the difference between the two sets of results is highly significant (p < .0001; χ =
27.720; df = 1) (see also the section on Cohen’s Kappa and McNemar’s test for bias at Fort Bliss, below).
Because chert and limestone are often found in the same lithological deposits, it may be the case that it was
difficult to differentiate chert materials from limestone materials using the digital photographs alone. Sandstone materials may also have been difficult to identify using the digital photographs, because artifacts identified as made on sandstone were least often identified as such by the digital-photograph analysis.
Another important result of the Fort Bliss lithic analysis is that only the hands-on laboratory analysis
identified an artifact as made on obsidian. Because the provenance of artifacts made on obsidian can be determined using X-ray fluorescence, because obsidian artifacts can sometimes be dated using obsidianhydration dating, and because, in some contexts, obsidian was preferred for the production of symbolically
potent artifacts, the correct identification of artifacts as made on obsidian is especially important in the region (see Haury 1976; Hoffman 1997; Liritzis and Diakostamatiou 2002; Liritzis and Stevenson 2012;
Riciputi et al. 2002; Shackley 2005). The artifact, which was identified by all analyses as a projectile point,
was identified by the in-field and digital-photograph analyses as made on chert rather than obsidian.
At Fort Bliss, the agreement indexes for material type varied from 0.59 to 0.80, averaging 0.67 (see
Table 32). The highest level of agreement was calculated for the comparison between the hands-on laboratory analysis and the in-field analysis performed by Field Technician 2. The lowest levels of agreement
occurred between the digital-photograph analysis and the hands-on laboratory analysis and between the
digital-photograph analysis and the in-field analysis performed by Field Technician 2.
If we assume that the hands-on laboratory analysis was the most accurate of the analyses in identifying material type, we can calculate false-negative and false-positive rates for material types identified by
the hands-on laboratory analysis (Table 37). False-negative rates indicate that artifacts identified by the
hands-on laboratory analysis as made on chalcedony, chert, or limestone were often identified correctly as
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Table 37. False-Negative and False-Positive Error Rates at Fort Bliss, According to Analysis Type,
per Material Type
False-Negative Rate
Material Type

Chalcedony

Field
Field
Technician 1 Technician 2

False-Positive Rate

DigitalPhotograph
Laboratory
Specialist

Total

Field
Field
Technician 1 Technician 2

DigitalPhotograph
Laboratory
Specialist

Total

—

—

—

—

—

1.00

1.00

0.67

Chert

0.26

0.07

0.43

0.25

0.07

0.09

0.01

0.06

Limestone

0.14

0.29

—

0.14

1.21

0.71

2.79

1.57

Obsidian

1.00

1.00

1.00

1.00

—

—

—

—

Rhyolite

1.00

—

1.00

0.67

6.00

—

—

2.00

Sandstone

0.29

0.47

0.53

0.43

—

0.06

—

0.02

Total

0.29

0.20

0.41

0.30

0.27

0.17

0.39

0.28

Note: Cells shaded in gray indicate low rates, and cells without shading indicate either moderate rates (normal typeface) or high rates
(boldface).

to material type. In other words, when the hands-on analysis identified an artifact as having been made on
chalcedony, chert, or limestone, the in-field analysis and digital-photograph analysis typically also identified the artifact as having been made on the same material.
However, false-positive rates indicate that two of these material types, chalcedony and limestone,
were frequently attributed to artifacts that were made on material types other than chalcedony or limestone. The same cannot be said for chert; artifacts identified by the hands-on laboratory analysis as made
on a material other than chert were rarely identified incorrectly by in-field analysis or digital-photograph
analysis as made on chert. In essence, a substantial number of artifacts made on chalcedony or limestone
were usually identified correctly according to material type, but artifacts actually made on other materials
tended to be identified as having been made on chalcedony or limestone. In a sense, one could say that
analysts were often accurate in identifying chalcedony, chert, and limestone but were not precise in identifying chalcedony or limestone materials.
Artifacts identified by the hands-on analysis as made on rhyolite or obsidian, both rare material types
in the collection, were identified as made on other material types all or most of the time. Unlike limestone
or chalcedony, however, rhyolite and obsidian were, overall, rarely identified for artifacts made on materials other than rhyolite or obsidian, although Field Technician 1 did identify a number of artifacts that
were not made on rhyolite as having been made on rhyolite (as indicated by a false-positive rate of 6). Artifacts identified by the hands-on analysis as made on sandstone were misidentified in approximately two
of every five cases, overall. As with rhyolite and obsidian, artifacts made on materials other than sandstone were typically not identified by in-field or digital-photograph analysis as made on sandstone.
Interestingly, the highest false-negative and false-positive rates, overall, for material-type identification
were calculated for the digital-photograph analysis. Digital-photograph analysis most often identified an artifact as made on limestone that was actually made on another material, such as chert. The digital-photograph
analysis also tended more often to fail to correctly identify the material type of sandstone artifacts.

Material Type at Fort Huachuca
At Fort Huachuca, 12 material-type categories comprising 11 material types were identified by the different analyses (Table 38). One of the field technicians (Field Technician 2) identified material types very
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Table 38. Artifact Counts at Fort Huachuca, According to Analysis Type, per Material Type
Material Type

Andesite

Field Technician 1

Field Technician 2

Hands-on Laboratory
Specialist

Digital-Photograph
Laboratory Specialist

Total

3

2

—

—

5

Basalt

—

35

—

—

35

Basalt (vesicular)

—

1

—

1

2

6

20

4

5

35

Chert

19

2

21

18

60

Diorite

—

—

1

—

1

Granite

—

—

1

1

2

Limestone

—

—

—

6

6

Quartzite

28

7

31

32

98

Rhyolite

91

5

91

84

271

Sandstone

1

—

—

2

3

Other

2

78

—

1

81

—

—

1

—

1

150

150

150

150

600

7

8

6

9

12

Chalcedony

Not determined
Total
Richness

differently from the other analysts, which resulted in large disparities in material-type identification between the analysis performed by Field Technician 2 and all other analyses. Field Technician 2 identified
the material type of an artifact as either basalt or “other” far more often than did any other analyst. Indeed, three-quarters of material-type identifications made by the analyst were one of these two material
types. In contrast, no other analyst at Fort Huachuca identified an artifact as made on basalt (although in 1
case, another analysis identified an artifact as made on vesicular basalt), and in only a few cases did another analyst identify an artifact as made on an “other” material type. Field Technician 2 also identified a
larger number of artifacts as made on chalcedony and fewer artifacts as made on chert, quartzite, or rhyolite than did the other analysts.
Moreover, materials identified by Field Technician 2 as basalt were identified by other analysts variously, most often as either rhyolite or quartzite. There was not a one-to-one correspondence between what
Field Technician 2 called “basalt” and what the hands-on laboratory analyst called “rhyolite,” for instance. Clearly, Field Technician 2 was not proficient in identifying material types discovered at the site,
having identified more than half of the lithic artifacts as made on “other” materials and most of the rest as
made on materials that were either absent or rare. Based on the hands-on-laboratory-analysis results, basalt appears to have been absent from the collection, and chalcedony was quite rare. Results of the other
analyses suggest comparatively high levels of agreement for material-type identification.
At Fort Huachuca, the agreement indexes for material type (see Table 33) were much more variable
among analyses than at Fort Bliss. This was largely because of the anomalous identifications made by
Field Technician 2 for material type, as discussed above. The agreement indexes comparing material-type
results between the in-field analysis performed by Field Technician 2 at Fort Huachuca and the materialtype identifications made by other analyses were 0.1 or less for all interobserver comparisons. In contrast,
the agreement indexes calculated for material-type comparisons among the other analyses at Fort Huachuca were much higher: greater than 0.7 in all cases. As a result of the wide disparity in agreement
among analyses in terms of material type, the average agreement index for material type at Fort Huachuca
was 0.44, indicating that, on average, fewer than half of the observations of material type were in agreement with each other. Excluding the in-field analysis performed by Field Technician 2, the average
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agreement index of comparisons among analyses was 0.78, indicating that material-type identifications
were in agreement between observers for nearly four of five cases.
As with Fort Bliss, false-negative and false-positive rates can be calculated per material type, if we
assume that the hands-on lithic analysis was most likely to have resulted in a correct identification (Table 39). Artifacts identified by the hands-on laboratory analysis as having been made on chalcedony were
typically also identified by the other analyses as having been made on chalcedony. However, falsepositive rates indicate that chalcedony was also identified as the material type for artifacts that were made
on other materials. This was particularly the case for the analysis performed by Field Technician 2, who
identified four times as many chalcedony artifacts than were actually present in the collection. The material type of an artifact made on diorite or granite was never correctly identified by the in-field or digitalphotograph analysis, but the material type of an artifact not made on diorite or granite was rarely misidentified as made on either of these material types.
Artifacts made on the most-common material types—chert, quartzite, and rhyolite—were identified
correctly most of the time for the digital-photograph analysis and the in-field analysis performed by Field
Technician 1. Overall, false-negative and false-positive rates were low for these material types for the
digital-photograph analysis and the in-field analysis performed by Field Technician 1. In contrast, falsenegative rates were very high for Field Technician 2. The anomalous material-type identifications made
by Field Technician 2 resulted in very high false-negative rates for artifacts made on chert, quartzite, or
rhyolite. The high overall false-negative rate for Field Technician 2 is due to the frequent misclassification of artifacts as having been made on chalcedony, an “other” material type, or basalt, a material type
not present in the collection.
If one were to rely only on the material-type identifications made by Field Technician 2 to interpret
the lithic collection from the Fort Huachuca site, one would arrive at a very different interpretation of material use at the site than if one made the interpretation based on the results of the other analyses. Based
on the in-field analysis performed by Field Technician 2, one might surmise that the lithic collection was
dominated by artifacts made on basalt or chalcedony and that many other artifacts were made on one or
more unusual material types that could not be identified (and were identified as “other”). Perhaps, such a
result could prompt the need for petrographic analysis and the planning of lithic-source investigations.
Based on the other analyses, however, an investigator would interpret the lithic collection as consisting
mostly of artifacts made on chert, quartzite, or rhyolite. Variation in material-type identification among
analyses could lead to differing interpretations of material preference as well as differing interpretations
of potential source areas for lithic artifacts deposited at the site.
An interesting result of the material-type analysis was that Field Technician 1 performed best (and
quite well) in accurately identifying the material types of lithic artifacts, suggesting that it is possible to
obtain accurate identifications of material type from in-field analysis of lithic artifacts. However, the results also show that it is possible to obtain grossly inaccurate material-type identifications from in-field
analysis. The digital-photograph analysis resulted in identifications that were fairly consistent with the
hands-on laboratory identifications but also showed that some material types are difficult to differentiate
using digital photographs alone.

Technological Type
Technological Type at Fort Bliss
In total, 23 different technological-type categories comprising 22 technological types were identified at
Fort Bliss, including 12 flaked stone technological types (plus the category of “flaked stone other”),
2 expedient-use technological types, and 8 ground/battered stone technological types (Table 40). The
richness of technological types was quite similar among analyses overall and for all production methods
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Table 39. False-Negative and False-Positive Error Rates at Fort Huachuca,
According to Analysis Type, per Material Type
False-Negative Rate
Material Type

Field
Field
Technician 1 Technician 2

False-Positive Rate

DigitalPhotograph
Laboratory
Specialist

Total

Field
Field
Technician 1 Technician 2

DigitalPhotograph
Laboratory
Specialist

Total

Chalcedony

0.25

—

—

0.08

0.75

4.00

0.25

1.67

Chert

0.24

0.90

0.19

0.44

0.14

—

0.05

0.06

Diorite

1.00

1.00

1.00

1.00

—

—

—

—

Granite

1.00

1.00

1.00

1.00

—

—

1.00

0.33

Quartzite

0.32

0.77

0.39

0.49

0.23

—

0.42

0.22

Rhyolite

0.08

0.99

0.14

0.40

0.08

0.04

0.07

0.06

Total

0.17

0.91

0.21

0.43

0.13

0.13

0.15

0.14

Note: Cells shaded in gray indicate low rates, and cells without shading indicate either moderate rates (normal typeface) or high rates
(boldface).

Table 40. Artifact Counts at Fort Bliss, According to Analysis Type, per Technological Type
Technological Type, by Production
Field
Field
Method
Technician 1 Technician 2

Hands-on Laboratory
Specialist

Digital-Photograph
Laboratory Specialist

Total

Flaked stone
Biface

6

15

11

5

37

Cobble biface

1

9

1

—

11

Cobble uniface

1

1

—

2

4

23

23

26

20

92

Core
Core flake

—

—

1

6

7

Hammerstone

—

1

1

1

3

Projectile point

3

1

3

2

9

Retouched piece

16

8

16

22

62

Scraper

10

12

2

—

24

4

—

—

2

6

2

2

12

1

11

—

5

3

—

8

Hammerstone

5

6

3

6

20

Hand stone

—

—

3

—

3

Basin metate

—

—

—

3

3

Milling stone

—

1

—

5

6

One-handed mano

4

4

3

3

14

Slab metate

—

1

1

3

5

Tabular knife
Tested cobble
Uniface
Other

—

1

5

16

40

Expedient use

Ground/battered stone

continued on next page
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Technological Type, by Production
Field
Field
Method
Technician 1 Technician 2

Hands-on Laboratory
Specialist

Digital-Photograph
Laboratory Specialist

Total

Two-handed mano

4

2

1

1

8

Undetermined ground stone

—

—

1

—

1

Undetermined mano

7

5

10

6

28

Undetermined metate

7

8

6

1

22

2

—

2

Noncultural
Total
Richness, flaked stone

—

—

105

105

105

105

420

10

11

10

10

13

Richness, expedient use

1

1

2

1

2

Richness, ground/battered stone

4

6

6

7

8

15

18

18

18

23

Richness, all classes

but was lower overall for the analysis performed by Field Technician 1. Thus, based on the results of the
in-field analysis performed by Field Technician 1, one might conclude that activities involving lithic
technology were somewhat less diverse at the site than one would conclude based on the results of the
other analyses of lithic artifacts. The number of flaked stone tools, flaked stone cores, manos, and metates
were also broadly similar among analyses.
However, two of the analyses (the in-field analysis performed by Field Technician 2 and the digitalphotograph analysis) identified fewer manos and more metates or milling stones than were likely present.
The digital-photograph and in-field analyses also identified more flaked stone tools and fewer flaked
stone cores than were likely present. Such differences in analysis results might not have major effects on
the interpretation of lithic technology in terms of the general activities performed, but they could effect
interpretations regarding the intensity of activities involving lithic tools as well as the degree of emphasis
placed on different activities. Results of the in-field or digital-photograph analysis, for instance, could potentially be interpreted to indicate that there was a slightly greater emphasis on tool use or maintenance,
as opposed to core reduction, than actually may have been the case (Table 41).
Despite some general similarities in the results of the analyses, there were frequent discrepancies between analyses in the identification of specific technological types, suggesting that there could be substantially different interpretations of the specific kinds of lithic technologies represented at the site. For
instance, the number of bifaces and cobble bifaces identified at the site varied widely, which could lead to
different interpretations about the importance of bifacial technology at the site. Although projectile points
were rare, even the numbers of projectile points varied among analyses, with anywhere from one to three
projectile points identified by the different analyses. Whether an artifact was identified as a scraper or a
uniface, or more simply as a retouched piece, also varied widely among analyses. In addition, hammerstones were more commonly identified by the in-field and digital-photograph analyses than by the
hands-on laboratory analysis, which identified some of the same artifacts as manos or hand stones. These
results could potentially be used to infer a greater emphasis on flaked stone technology, as opposed to
ground stone technology, than actually may have been the case.
Two of the analyses (the in-field analysis performed by Field Technician 1 and the digital-photograph
analysis) identified the presence of tabular knives at the site, whereas the hands-on laboratory analysis
suggested that no such artifacts were present in the collection. Because tabular knives are often interpreted as having been used aboriginally in the American Southwest to procure and process agave (Doolittle and Neely 2004), the identification of tabular knives in the collection could lead to the inference that
activities focused on agave procurement and processing were performed by users of the site.
As for ground/battered stone artifacts, the digital-photograph analysis, in particular, identified basin
metates, milling stones, and slab metates substantially more often than the other analyses, a result that
could result in erroneous conclusions regarding the kinds of ground stone technologies employed at the
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Table 41. Artifact Counts at Fort Bliss, According to Analysis Type, per General Technological Type
Field
Technician 1

Field
Technician 2

Hands-on Laboratory
Specialist

Digital-Photograph
Laboratory Specialist

Mano

15

11

14

10

50

Metate

7

9

7

7

30

Hand stone

—

—

3

—

3

Milling stone

—

1

—

5

6

Hammerstone

5

7

4

7

23

Flake

—

—

1

6

7

Flaked stone core

23

23

26

20

92

Flaked stone tool

53

47

44

49

193

2

7

6

1

16

105

105

105

105

420

Artifact Type

Other (including noncultural
specimens)
Total

Total

site as well as the kinds of materials processed using ground stone. Two-handed manos, which may have
been used for more-intensive grinding activities and were often used aboriginally in trough metates to
process maize (Adams 2002), were more often identified by the in-field analysis than by the laboratory
analyses. One-handed manos were also identified slightly more often by the in-field analysis.
At Fort Bliss, technological-type agreement ranged from 0.39 to 0.54, averaging 0.48 (see Table 32).
Agreement was highest between the hands-on laboratory analysis and the other analyses and was lowest
between in-field analyses and between the digital-photograph and in-field analyses.
Overall, false-negative rates were higher than false-positive rates for technological type (Table 42).
Technological types with the lowest false-negative rates included cores, hammerstones, one-handed
manos, and two-handed manos; technological types with the lowest false-positive rates included cores,
hand stones, projectile points, undetermined ground stone, undetermined manos, undetermined metates,
other, and noncultural. As discussed above, artifacts of many types were frequently misclassified, a result
that likely would have led to erroneous conclusions about the characteristics of lithic technology at the
site. For instance, the digital-photograph analysis misclassified undetermined metates as more-definitive
technological types, including basin metates, milling stones, and slab metates. The in-field analysis made
this error far less frequently than the digital-photograph analysis.
When technological type was misclassified, the erroneous technological types provided by in-field or
digital-photograph analysis were diverse. For instance, artifacts identified by the hands-on laboratory
analysis as retouched pieces were identified variously by other analyses as unifaces, scrapers, core flakes,
cores, tabular knives, and bifaces. Artifacts identified by the hands-on laboratory analysis as bifaces were
identified by other analyses as unifaces, retouched pieces, and scrapers. Artifacts identified by the handson laboratory analysis as projectile points were identified by other analyses as bifaces. Together, these
data suggest that misclassification of lithic artifacts according to type can be quite common. Some of
these differences are understandable, given some overarching morphological similarities between technological types (i.e., bifaces and projectile points).

Technological Type at Fort Huachuca
In total, 19 different technological types were identified at Fort Huachuca, including 14 flaked stone technological types, 1 expedient-use technological type, and 4 ground/battered stone technological types (Table 43). The richness of technological types varied somewhat among analyses; greater numbers of types
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Table 42. False-Negative and False-Positive Error Rates at Fort Bliss,
According to Analysis Type, per Technological Type
False-Negative Rate
Technological
Type

Field
Field
Technician 1 Technician 2

False-Positive Rate

DigitalPhotograph
Laboratory
Specialist

Total

Field
Field
Technician 1 Technician 2

DigitalPhotograph
Laboratory
Specialist

Total

Biface

0.64

0.18

0.64

0.48

0.18

0.55

0.09

0.27

Cobble biface

1.00

1.00

1.00

1.00

1.00

9.00

—

3.33

Core

0.31

0.27

0.38

0.32

0.19

0.15

0.15

0.17

Core flake

1.00

1.00

—

0.67

—

—

5.00

1.67

—

—

—

—

0.25

0.75

0.75

0.58

Hand stone

1.00

1.00

1.00

1.00

—

—

—

—

One-handed
mano

0.33

0.33

0.33

0.33

0.67

0.67

0.33

0.56

Projectile point

0.33

0.67

0.33

0.44

0.33

—

—

0.11

Retouched piece

0.56

0.63

0.44

0.54

0.56

0.13

0.81

0.50

Scraper

0.50

1.00

1.00

0.83

4.50

6.00

—

3.50

Slab metate

1.00

1.00

1.00

1.00

—

1.00

3.00

1.33

Two-handed
mano

—

—

—

—

3.00

1.00

—

1.33

Undetermined
ground stone

1.00

1.00

1.00

1.00

—

—

—

—

Undetermined
mano

0.40

0.50

0.40

0.43

0.10

—

—

0.03

Undetermined
metate

0.17

0.17

0.83

0.39

0.33

0.50

—

0.28

Uniface

0.45

1.00

0.45

0.64

0.55

0.09

0.91

0.52

Other

1.00

0.33

1.00

0.78

—

1.00

—

0.33

Noncultural

1.00

1.00

1.00

1.00

—

—

—

—

Total

0.47

0.49

0.50

0.49

0.40

0.45

0.38

0.41

Hammerstone

Note: Cells shaded in gray indicate low rates, and cells without shading indicate either moderate rates (normal typeface) or high rates
(boldface).

Table 43. Artifact Counts at Fort Huachuca, According to Analysis Type, per Technological Type
Technological Type, by
Production Method

Field
Field
Hands-on Laboratory Digital-Photograph
Technician 1 Technician 2
Specialist
Laboratory Specialist

Total

Flaked stone
Angular debris

7

32

—

13

52

—

—

1

—

1

Cobble biface

4

1

—

1

6

Cobble uniface

1

—

3

2

6

10

12

12

7

41

Biface

Core

70

Technological Type, by
Production Method

Field
Field
Hands-on Laboratory Digital-Photograph
Technician 1 Technician 2
Specialist
Laboratory Specialist

Total

Core flake

90

42

112

89

333

Core tablet

—

—

2

—

2

1

—

—

—

1

Hammerstone

—

—

—

1

1

Projectile point

2

2

2

2

8

Retouched piece

14

—

4

18

36

1

—

—

3

4

11

56

3

4

74

2

1

—

2

5

1

1

—

1

3

—

—

—

2

2

Undetermined ground stone

4

1

4

2

11

Undetermined mano

2

2

1

1

6

Undetermined metate

—

—

1

1

2

—

—

5

1

6

150

150

150

150

600

11

7

8

11

14

Richness, expedient use

1

1

—

1

1

Richness, ground/battered stone

2

2

3

4

4

14

10

11

16

19

Fire-cracked rock

Tested cobble
Undetermined flake
Uniface
Expedient use
Hammerstone
Ground/battered stone
One-handed mano

Noncultural
Total
Richness, flaked stone

Richness, all classes

than were identified by the hands-on laboratory analysis were identified by the in-field analysis performed
by Field Technician 1 and the digital-photograph analysis. The number of types identified during the in-field
analysis by Field Technician 2 was one fewer than the number identified during the hands-on laboratory
analysis. Potentially, an investigator might infer a somewhat different diversity of activities involving lithic
technology as having occurred at the site, depending on which analysis was used to interpret the site.
Technological types identified during either the in-field or the digital-photograph analysis that were
not identified during the hands-on laboratory analysis were angular debris, cobble bifaces, FCR, tested
cobbles, unifaces, and one-handed manos. The greatest number of these artifacts was identified as angular
debris. The same artifacts were typically identified by the hands-on laboratory analysis as core flakes or,
less often, cores. In a few cases, particularly in the case of artifacts identified by Field Technician 2 as angular debris, the same artifacts were identified by the hands-on laboratory analysis as retouched pieces,
ground stone artifacts of undetermined type, or noncultural specimens.
Technological types that were unique to the identifications made by the hands-on laboratory analysis
were biface and core tablet (a flake removed across the worn platform surface of a core to create a new,
rejuvenated platform surface). The artifact identified by the hands-on laboratory analysis as a biface was
identified by the other analyses as a core. The two artifacts identified by the hands-on lithic analysis as
core tablets were identified variously by the other analyses as cores, core flakes, or retouched pieces.
In many cases, the differences in identification are understandable, because they correspond to technological types of similar morphology that could overlap in function. Some of the differences could simply be
chalked up to differences of opinion or subtle variations in the interpretation of technological-type defini71

tions. In some ways, the differences in identification between analyses may not amount to great differences
in terms of the lithic technologies implemented at the site. At the same time, the differences in identification
would result in substantial differences in the numbers of tools, flakes, and angular debris at the site (Table 44). The number of flaked stone cores also differed between analyses, but not by a large amount.
Depending on the analysis used to interpret the site, an investigator might conclude that there was
anywhere from 4 (based on the in-field analysis performed by Field Technician 2) to over 20 (based on
the in-field analysis performed by Field Technician 1 or the digital-photograph analysis) lithic tools at the
site. In contrast, based on the results of the hands-on laboratory analysis, an investigator might conclude
that on the order of 10 lithic tools were present in the collection.
Similarly, the proportions of lithic tools, core flakes, and angular debris varied substantially among
analyses. The in-field analysis performed by Field Technician 1 and the digital-photograph analysis resulted in the identification of the largest numbers of tools, a large number of core flakes, and a relatively
small number of angular-debris artifacts. In contrast, the analysis performed by Field Technician 2 resulted in a relatively large number of angular-debris artifacts, fewer core flakes, and small numbers of
tools. The hands-on laboratory analysis resulted in the identification of no angular-debris artifacts, the
largest number of flakes, and moderate numbers of tools. The differences among analyses could potentially lead to differing interpretations regarding the nature of core reduction performed at the site and the
degree of emphasis placed on primary core reduction vs. tool manufacture, maintenance, or discard.
Because of the small number of ground/battered stone artifacts identified in the collection by any analyst at Fort Huachuca and the relatively nondescript nature of the collected ground/battered stone artifacts,
interpretation of ground stone technology at the site would probably not vary considerably depending on
which analysis results were used to interpret the site. However, it is worth noting that only the laboratory
analyses identified a ground/battered stone artifact as a metate, although the two laboratory analyses did
not identify the same artifact as a metate. Artifacts identified as metates during either of the laboratory
analyses were identified in the field as either ground stone artifacts of undetermined type or as cores.
At Fort Huachuca, the levels of agreement between different analyses in technological-type identifications were much more variable than at Fort Bliss (see Table 33). The agreement indexes for technological-type identifications ranged from 0.31 to 0.67, averaging 0.49. The lowest levels of agreement were
calculated between the in-field analysis performed by Field Technician 2 and the other analyses. Only
about one-third of the technological-type identifications made during the in-field analysis performed by
Field Technician 2 were consistent with the technological-type identifications made by the other analysts.
In contrast, the levels of agreement among the other analyses ranged from 0.59 to 0.67.
Calculation of false-negative and false-positive rates also showed that technological types were frequently misclassified at Fort Huachuca (Table 45). As would be expected, given the above discussion, the
false-negative and false-positive rates were generally lower for the digital-photograph analysis and the infield analysis performed by Field Technician 1 than for the in-field analysis performed by Field Technician 2. More than the other analysts, Field Technician 2 frequently identified a technological type as absent when it was actually present, and this occurred for a wide range of technological types. Field Technician 2 also identified a technological type as present when it was absent more often than other analysts,
but to a lesser degree. This kind of error occurred most frequently for artifacts identified by Field Technician 2 as undetermined flakes.
In general, the lowest false-negative rates were calculated for core flakes, projectile points, undetermined flakes, and undetermined manos. Bifaces, cobble unifaces, core tablets, and undetermined metates
were always misidentified (i.e., no analyst correctly identified such artifacts in the collection). Cores, retouched pieces, undetermined ground stone artifacts, and noncultural specimens were identified as absent
in most cases in which they were actually present.
The most-substantial difference between the in-field and digital-photograph analyses, in terms of misidentifications, was for artifacts identified by the hands-on laboratory analysis as core flakes, a technological type that composed three-quarters of the artifact identifications made by the hands-on laboratory
analysis. The in-field analysis performed by Field Technician 1 and the digital-photograph analysis each
failed to identify core flakes correctly in less than 25 percent of cases. In contrast, more than two-thirds of
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Table 44. Artifact Counts at Fort Huachuca, According to Analysis Type, per General
Technological Type
Field
Technician 1

Artifact Type

Field
Technician 2

Hands-on Laboratory
Specialist

Digital-Photograph
Laboratory Specialist

Total

Angular debris

7

32

—

13

52

Mano

2

2

1

3

8

—

—

1

1

2

1

1

—

2

4

101

98

115

93

407

Flaked stone core

11

12

14

10

47

Flaked stone tool

23

4

10

25

62

5

1

9

3

18

150

150

150

150

600

Metate
Hammerstone
Flake

Other (including noncultural
specimens)
Total

Table 45. False-Negative and False-Positive Error Rates at Fort Huachuca,
According to Analysis Type, per Technological Type
False-Negative Rate
Technological
Type

Field
Field
Technician 1 Technician 2

False-Positive Rate

DigitalPhotograph
Laboratory
Specialist

Total

Field
Field
Technician 1 Technician 2

DigitalPhotograph
Laboratory
Specialist

Total

Biface

1.00

1.00

1.00

1.00

—

—

—

—

Cobble uniface

1.00

1.00

1.00

1.00

0.33

—

0.67

0.33

Core

0.50

0.50

0.67

0.56

0.33

0.50

0.25

0.36

Core flake

0.24

0.68

0.24

0.39

0.04

0.05

0.04

0.04

Core tablet

1.00

1.00

1.00

1.00

—

—

—

—

Noncultural

1.00

1.00

0.80

0.93

—

—

—

—

Projectile point

—

—

—

—

—

—

—

—

Retouched piece

0.50

1.00

0.25

0.58

3.00

—

3.75

2.25

Undetermined
flake

0.33

—

0.67

0.33

3.00

17.67

1.00

7.22

Undetermined
ground stone

0.50

0.75

0.75

0.67

0.50

—

0.25

0.25

Undetermined
mano

—

—

—

—

1.00

1.00

—

0.67

Undetermined
metate

1.00

1.00

1.00

1.00

—

—

1.00

0.33

Total

0.33

0.67

0.35

0.45

0.23

0.44

0.19

0.29

Note: Cells shaded in gray indicate low rates, and cells without shading indicate either moderate rates (normal typeface) or high rates
(boldface).
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core flakes were misidentified by the in-field analysis performed by Field Technician 2, who most often
identified these artifacts as angular debris.

Cohen’s Kappa and McNemar’s Test for Bias
As discussed in the introduction to this chapter, Cohen’s kappa and McNemar’s test for bias were calculated for select production methods, material types, and technological types. These statistics help to further evaluate the adequacy of the levels of agreement between analyses in artifact identification as well as
to identify production methods, material types, or technological types for which there is evidence for systematic bias in artifact identification.

Cohen’s Kappa and McNemar’s Test for Bias at Fort Bliss
At Fort Bliss, Cohen’s kappa and McNemar’s test for bias were calculated for the production methods of
flaked stone and ground/battered stone as well as for some of the more commonly identified material and
technological types. Table 46 shows that the level of agreement for production method was very good
(see Table 31) and was best for the production method of ground/battered stone. McNemar’s test for bias
indicated that systematic bias did not likely affect production-method identifications.
In comparison to the calculations for production method, Cohen’s kappa was lower for commonly
identified material types (chert, limestone, and sandstone), although identifications for these material
types were generally moderate to very good. More than half of the comparisons between analyses indicated that an acceptable level of agreement occurred for a specific material type (κ  0.5). However, there
were often only moderate levels of agreement between the hands-on laboratory analysis and the other
analyses for chert or limestone materials; unacceptable levels of agreement and evidence for systematic
bias occurred for these material types for the digital-photograph analysis (for chert and limestone) and for
the in-field analysis performed by Field Technician 2 (for limestone only).
The identification of an artifact as a specific kind of mano or metate was relatively rare at Fort Bliss.
Therefore, Cohen’s kappa and McNemar’s test for bias had to be calculated using generalized classifications encompassing all manos or all metates (including both specific and undetermined types). Interestingly, although there appears to have been disagreement over the kind of mano or metate represented by
an artifact (see above discussion on technological types at Fort Bliss), there seems to have been good to
very good agreement regarding whether an artifact was, more generally, a mano or a metate; there was no
evidence for systematic bias in making such identifications. Thus, although in-field or digital-photograph
analysis may not produce very reliable results regarding whether a mano is a one-handed mano, a twohanded mano, or a mano of undetermined type, it can produce reliable results regarding whether a lithic
artifact is, more simply, a mano or a metate and not some other kind of artifact.
For Fort Bliss, Cohen’s kappa and McNemar’s test for bias were calculated for the flaked stone technological types of core, biface, retouched piece, scraper, and uniface. The same statistics were also calculated for the more-general category of retouched tool, which, in this case, included bifaces, projectile
points, retouched pieces, scrapers, tabular knives, and unifaces. For the in-field and digital-photograph
analyses, Cohen’s kappa indicated that there was a good level of agreement in identifying an artifact as a
core, and there was no evidence for systematic bias. However, with the exception of artifacts identified as
bifaces by the in-field analysis performed by Field Technician 2, the agreement between the hands-on
laboratory analysis and the other analyses in the identification of an artifact as a biface, a retouched piece,
a scraper, or a uniface was generally poor or fair. Cohen’s kappa was below the threshold of 0.5 (an acceptable level of agreement) in artifact identification for all these comparisons but one, and McNemar’s
test for bias indicated the occurrence of systematic bias for artifacts identified as scrapers or unifaces. As
discussed in the above section on technological types at Fort Bliss, different observers tended to identify
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Table 46. Cohen’s Kappa at Fort Bliss, According to Analysis Type, per Lithic-Artifact Type
Artifact Identification by Hands-on Laboratory
Specialist, by Observational Category

Cohen’s Kappa
Field Technician 1

Field Technician 2

Digital-Photograph Laboratory
Specialist

Production method
Flaked stone

0.88

0.93

0.95

Ground/battered stone

1.00

0.97

1.00

Chert

0.55

0.76

0.45

Limestone

0.46

0.51

0.26

Sandstone

0.80

0.62

0.60

0.96

0.86

0.81

0.85

0.81

0.71

0.65

0.71

0.61

Material type

Technological type
Ground/battered stone
Manoa
Metate

a

Flaked stone
Core
Biface

0.43

0.65

0.46

Retouched piece

0.34

0.44

0.36

Scraper

0.14

–0.03

0.00

0.46

–0.02

0.37

0.81

0.80

0.77

Uniface
Retouched tool

a

Note: Boldface values indicate systematic bias, based on the results of a McNemar’s test for bias.
a
Collapsed category including multiple identified artifact types.

scrapers or unifaces significantly more or less often than the hands-on laboratory analysis indicated that
they were likely to have been present in the collection.
Interestingly, identifying more simply whether an artifact was a retouched tool or not (regardless of
whether it was a biface, a projectile point, a retouched piece, a scraper, a tabular knife, or a uniface) was,
in contrast, good to very good for the in-field and digital-photograph analyses. Thus, we may conclude
that identification of an artifact as a retouched tool by in-field or digital-photograph analysis could be reliable, but determination of the specific kind of retouched tool represented by an artifact by in-field or
digital-photograph analysis is likely to be unreliable.

Cohen’s Kappa and McNemar’s Test for Bias at Fort Huachuca
At Fort Huachuca, Cohen’s kappa and McNemar’s test for bias were calculated for the production methods
of flaked stone as well as for some of the more commonly identified material and technological types. Table 47 shows that the level of agreement for the production method of flaked stone was moderate to good
for the in-field and digital-photograph analyses. Identification of artifacts according to material type for the
most-common material types of chert, rhyolite, and quartzite was moderate to very good for the digitalphotograph analysis and the in-field analysis performed by Field Technician 1 but was poor to fair for the
in-field analysis performed by Field Technician 2. There is also evidence for systematic bias in the identification of all three material types by Field Technician 2. Based on the results from the Fort Huachuca site,
we might conclude that the identification of common material types by in-field or digital-photograph
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Table 47. Cohen’s Kappa at Fort Huachuca, According to Analysis Type, per Lithic Artifact Type
Artifact Identification by Hands-on Laboratory
Specialist, by Observational Category

Cohen’s Kappa
Field Technician 1

Field Technician 2

Digital-Photograph Laboratory
Specialist

Production method
Flaked stone

0.65

0.51

0.72

Chert

0.77

0.15

0.85

Quartzite

0.64

0.32

0.50

Rhyolite

0.80

–0.05

0.74

Core

0.51

0.46

0.38

Core flake

0.53

0.10

0.54

0.26

0.07

0.27

0.36

0.59

0.37

Material type

Technological type (flaked stone)

Undetermined flake
Retouched tool

a

Note: Boldface values indicate systematic bias, based on the results of a McNemar’s test for bias.
a
Collapsed category including multiple identified artifact types.

analysis can be reliable but can also be highly unreliable, as was suggested in the above discussion of material-type identifications at Fort Huachuca. Field Technician 2 tended to identify the material type of an
artifact as basalt, chalcedony, or “other” instead of chert, rhyolite, or quartzite, the material types more
commonly identified by the other analyses of the same artifacts.
Because much of the collection from the Fort Huachuca site consisted of flakes and, to a lesser extent,
cores, Cohen’s kappa and McNemar’s test for bias were calculated for the technological types of core, core
flake, and undetermined flake. Unlike at Fort Bliss, ground/battered stone tools were found in small numbers
overall; specific kinds of retouched flaked stone tools in the collection from Fort Huachuca were also rare. As
with Fort Bliss, Cohen’s kappa and McNemar’s test for bias were also calculated for the more-general category of retouched tools, which, in this case, included bifaces, retouched pieces, projectile points, and unifaces.
The identification of cores at Fort Huachuca was fair to moderate; cores were identified at an acceptable level of agreement with the hands-on laboratory analysis only by the in-field analysis performed by
Field Technician 1, and the level of agreement was only barely acceptable. Core flakes were identified at
moderate and acceptable levels by the analysis performed by Field Technician 1 and by the digitalphotograph analysis; there was a poor level of agreement between the hands-on analysis and the in-field
analysis performed by Field Technician 2 for the identification of core flakes, as well as evidence for systematic bias. Field Technician 2, as discussed above in the section on technological types at Fort Huachuca, often identified core flakes as angular debris. There were poor to fair levels of agreement for the
identification of undetermined flakes for all in-field and digital-photograph analyses, and there was evidence of systematic bias for two of the analyses.
Discouragingly, Cohen’s kappa indicated that an acceptable level of agreement between the hands-on
laboratory analysis and the other analyses was only achieved by one analysis for the general category of retouched tools. Ironically, the in-field analysis performed by Field Technician 2 achieved an acceptable level
of agreement for the general category of retouched tools, although the levels of agreement for other identifications made by Field Technician 2 were often the lowest of all of the analyses. McNemar’s test for bias
also showed no evidence for systematic bias for this analysis. Despite this, the in-field analysis performed
by Field Technician 2 was no more successful than the other analyses in correctly identifying artifacts that
were identified as retouched tools by the hands-on laboratory analysis. In other words, the analysis had a
relatively high false-negative rate as well as a relatively low false-positive rate for retouched tools.
76

The level of agreement was unacceptably low for the other analyses for the general category of retouched tools. McNemar’s test for bias indicated that there was systematic bias in the identification of retouched tools for both the digital-photograph analysis and the in-field analysis performed by Field Technician 1. Both of these analyses tended to incorrectly identify as a retouched piece an artifact that was not
identified by the hands-on laboratory analysis as having been retouched. In other words, false-positive
rates for retouched tools at Fort Huachuca were high, a result that could lead to the interpretation of moreintensive tool use at the site than actually may have been the case.
As discussed above, the results from the Fort Bliss site indicated that the identification of specific
kinds of retouched tools could be poor, but the general identification of an artifact as a retouched tool
could be very good. The results from Fort Huachuca suggest, conversely, that it is possible for both infield and digital-photograph analyses to identify substantially more retouched tools than were likely to be
present at a site. It would seem, then, that whether the identification of an artifact as a retouched tool in
the field or using a digital photograph could be considered reliable likely depends on a variety of factors,
including the experience of field crew, the material type, and perhaps the tool type.

Summary and Conclusions
Together, the results of the analyses discussed above suggest that there can be a great amount of variability in the levels of agreement between analyses in the identification of lithic artifacts. As one might
expect, the identification of a lithic artifact according to the general category of production method can
be quite good. Although it can also be difficult for in-field or digital-photograph analysis to discern expedient-use artifacts, this was not necessarily much of a problem, because the production methods for
the vast majority of artifacts were accurately identified as flaked stone or ground/battered stone.
The identification of the material type of a lithic artifact can be quite variable; some analyses
achieved a relatively high level of agreement with the hands-on laboratory analysis, whereas others
demonstrated low levels of agreement with the hands-on laboratory analysis. Systematic bias in the
identification of materials types was evident for some material types and analyses. In the case of the infield analysis performed by Field Technician 2 at Fort Huachuca, most lithic artifacts were incorrectly
identified according to material type, and many were placed into the broad, ambiguous material-type
category of “other.” In contrast, the hands-on laboratory analysis showed that most artifacts in the collection from Fort Huachuca could be identified according to a few relatively common material types.
Overall, material-type identifications tended to agree for less than two-thirds of cases at Fort Bliss and
less than half of cases at Fort Huachuca. Some analyses performed well at identifying the material
types of lithic artifacts, although rare material types, such as diorite or granite, tended to be misidentified. As discussed above, it is also possible for some analysts to misidentify common material types
most of the time.
The lowest level of agreement was calculated for technological type. Technological-type identifications were in agreement with each other for approximately 50 percent of cases or fewer at both sites
and were never greater than about two-thirds of cases, overall. In some ways, this was as expected, because there were more potential categories within which to place artifacts, and in some cases, typological definitions can be overlapping or fuzzy. In general, the more specific a technological-type classification, the less likely it is that agreement will be achieved between analyses. Analyses identified
different kinds of manos or metates, for instance, but observers tended to agree more generally that an
artifact was a mano, a metate, or another technological type. At Fort Bliss, different observers tended to
agree as to what constituted a retouched tool but not as to the specific kind of retouched tool. At Fort
Huachuca, different observers tended to disagree as to what constituted a retouched tool. There, different observers tended to read more or less into the design of an artifact, one seeing an artifact as a retouched tool and another seeing the same artifact as simply a flake or a core.
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To some degree, some of these differences in identification are understandable, but they also indicate that substantial differences in site interpretation could result from an analysis, depending on who
performs the analysis and in what context it is performed. Like the ceramic-analysis results, the lithicanalysis results also showed that in-field analysis of artifacts can be as good as or better than digitalphotograph analysis and that digital-photograph analysis can suffer from problems that likely stem
from an analyst’s being unable to examine the physical artifact.
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CHAPTER 5

Summary and Recommendations

Throughout the western United States, limited-collection and no-collection policies promulgated by federal agencies and SHPOs have led to the widespread use of in-field analysis for analyzing most or all artifacts used to characterize and interpret a site. This trend counters a century-long practice of collecting
samples of surface artifacts to assist in dating, interpreting, and documenting sites and curating these artifacts to allow contemporary and future archaeologists access to primary scientific data. The initial reason
for limiting collection, and thereby requiring all analyses to be performed in the field, was the assertion
that collecting artifacts constituted an adverse impact on sites. In time, government agencies came to realize a second rationale for limiting collection: cost savings. Some Native American tribes, also, are opposed to artifact collection, making limited-collection and no-collection policies easier to justify.
Under federal law, collections made as a result of federally funded projects need to be cared for in
perpetuity. Curation can be expensive, and the funding and space needed for curation are limited throughout the country. The driving force behind in-field analysis quickly became, and has continued to be, the
minimization of curation responsibilities and expenditures.
Most often, in-field analysis is conducted under less-than-optimal conditions by field technicians who
have little specific training in artifact analysis. Typically, in-field analysis is performed during survey,
and the results are used to manage inventoried sites and to evaluate sites for eligibility for listing in the
NRHP. Recently, some agencies have begun to entertain the possibility of using in-field analysis during
data recovery for materials considered to have little research value (e.g., machine-made glass, metal
fragments, and large ground stone artifacts). If artifacts are not collected during data recovery, in-field
analysis results and other on-site documentation could be the only information that remains about a site,
particularly if the site is destroyed during or subsequent to mitigation.
Limited-collection and no-collection policies are based on the assumption that in-field artifact analysis is comparable in quality to artifact analysis conducted in the laboratory. Further, implicit in limitedcollection and no-collection policies are that contemporary and future archaeologists will accept the results
of in-field analysis without question and that future research and management decisions will not need access
to artifacts. The DoD and other federal agencies have expended, at a minimum, tens of millions of dollars
on surveys based on these assumptions, yet no one has actually tested whether they are valid. Despite the
heavy reliance on in-field analysis for inventory and evaluation and the considerations of performing infield analysis during data recovery (see Chapter 1), very little is known about how accurate in-field analysis really is or how adequate it is for site interpretation.

Experimental Approach
The experiment presented in this report was designed to assess the adequacy and accuracy of in-field and
digital-photograph artifact analyses at two prehistoric archaeological sites located on military installations
in the western United States. One case study was the Soldier Creek site (AZ EE:7:164 [AMS]), at Fort
Huachuca, in southeastern Arizona. The other site was FB 9583, in south-central New Mexico, on the
East McGregor Range of the Fort Bliss Military Reservation. At each of these sites, samples of individually numbered ceramic and lithic artifacts derived from surface contexts were analyzed by two separate
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field technicians. The artifacts were then collected and analyzed by trained specialists who performed
their analyses in a laboratory setting, using either the physical artifacts or, alternatively, only digital photographs of the artifacts. All analysts used the same typological system for identifying artifacts and also
used field manuals that described the attributes of specific artifact types identified during the project.
Artifact identifications resulting from each of the analyses were entered into a relational database system using standardized terms and quality controls. The data from the analyses were compared between
and among analyses to assess the levels of agreement between analyses and the adequacy of site interpretations that could be derived from each analysis. These assessments, which were performed separately for
ceramic and lithic artifacts, are presented in Chapters 3 and 4 of this report.

Results
Several methods were used to assess analysis results. One method was to calculate an agreement index
representing the proportion of observations that were in agreement with each other for each pair of analyses. For ceramic artifacts, agreement indexes were calculated for vessel element, ceramic ware, and ceramic type. For lithic artifacts, agreement indexes were calculated for production method, material type,
and technological type. In assessing the agreement-index results, no assumptions were made regarding
which set of observations (in-field, digital-photographic identification, or hands-on laboratory identification) was more or less likely to be accurate. Rather, the assessments were geared toward testing the levels
of agreement between different sets of observations, regardless of level of expertise or the context in
which artifacts were analyzed.
A striking result of the agreement-index assessments was that the levels of agreement between analyses were high only for the most general of artifact attributes (e.g., vessel element or production method).
Agreement tended to be lowest for attributes with the greatest number of potential values (Tables 48 and
49). Variation in the levels of agreement among analyses, as indicated by the coefficient of variation, was
typically highest for attributes with the greatest number of potential states. For vessel element and production method (attributes that had limited numbers of possible states), the average agreement indexes ranged
from 0.89 to 0.97. For ceramic type and lithic-technological type (attributes that had large numbers of
possible states), the average agreement indexes were much lower, ranging from 0.48 to 0.57. With the exception of material type for lithic artifacts, the average levels of agreement tended to be similar between
the two sites for the same attributes (e.g., ceramic ware).
Figures 6 and 7 show the minimum, maximum, and average agreement indexes at the two sites for ceramic and lithic analyses, respectively. A downward trend in agreement as the number of types observed
increased is evident in both figures. The precipitous drop in the average and minimum agreement that occurred between the type counts of 10 and 15, as illustrated in Figure 7, is due to the anomalous materialtype observations made by one of the field technicians at Fort Huachuca, whose material-type identifications agreed with those of other observers for only around 10 percent of artifacts analyzed (see Chapter 4). The general trend suggests that we can only expect artifact analyses to agree, on average, around
50 percent of the time when specific artifact types commonly used to interpret sites are identified, such as
specific ceramic types that can be used to interpret cultural or temporal affiliation or specific kinds of
flaked stone tools that may be used to infer some of the kinds of activities performed at a site. For lithictechnological types, agreement ranged from 31 to 67 percent. For ceramic types, agreement ranged from
39 to 75 percent.
A second approach used to assess the analysis results was to test the accuracy and precision of observations made in the field and observations made using only digital photographs. For these assessments,
the hands-on-laboratory-analysis results were treated as the “gold standard” for the project. Then, the levels of Type I and Type II errors in artifact identifications were estimated by calculating the false-negative
and false-positive rates for each artifact type and site. In statistics, a false negative is a case in which
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Table 48. Agreement Statistics for Ceramic-Artifact Analysis, by Site and Observational Category
Total No. of
Types
Observed

Maximum

Minimum

Average

Coefficient of Variation

Vessel element

2

0.95

0.80

0.89

6.6

Ceramic ware

8

0.85

0.60

0.71

12.2

Ceramic type

18

0.75

0.45

0.57

18.2

Vessel element

3

0.97

0.89

0.93

3.1

Ceramic ware

12

0.82

0.62

0.73

10.1

Ceramic type

30

0.58

0.39

0.49

12.4

Observational Category, by
Site Location

Agreement Index

Fort Bliss

Fort Huachuca

Table 49. Agreement Statistics for Lithic-Artifact Analysis, by Site and Observational Category
Total No. of
Types
Observed

Maximum

Minimum

Average

Coefficient of Variation

Production method

4

0.98

0.96

0.97

0.8

Material type

9

0.80

0.59

0.67

12.0

23

0.54

0.39

0.48

10.7

Observational Category, by
Site Location

Agreement Index

Fort Bliss

Technological type
Fort Huachuca
Production method

3

0.98

0.95

0.96

1.3

Material type

12

0.83

0.09

0.44

85.9

Technological type

19

0.67

0.31

0.49

34.9

Figure 6. Plot of the minimum, maximum, and average agreement indexes
for the ceramic-artifact analyses, according to the number of observed types.
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Figure 7. Plot of the minimum, maximum, and average agreement indexes
for the lithic-artifact analyses, according to the number of observed types.

something is asserted to be absent when it is, in fact, present. In the context of this project, a false negative represented a case in which the hands-on analysis identified an artifact as a specific type, such as a biface, and one or more of the other analyses failed to identify the same artifact as a biface and instead identified the artifact as something other than a biface. A false positive is a case in which something is
asserted to be present when it is, in fact, absent. In the context of this project, a false positive represented
a case in which an artifact was identified by one or more analyses as a specific type, and the hands-on
laboratory analysis identified the artifact as a different type. For instance, if an artifact was identified by
the hands-on laboratory analysis as a flake, but one of the other analyses identified it as a biface, this
would represent a false-positive case for the artifact type of biface.
On average, false-negative and false-positive rates calculated using the analysis results increased as the
number of identifiable types increased (Figures 8 and 9). False-positive and false-negative rates were low
and similar for general observations having to do with production method or vessel element but were larger
and more disparate for more-specific and more-detailed artifact-type identifications, such as the identification of specific ceramic types or lithic-technological types. For ceramic types or lithic-technological types,
false-negative rates approached 1 for all but the most-common or most-distinctive types (such as plain ware
or projectile points, respectively); rare artifact types were often misidentified. In other words, many artifact
types that could be used for site interpretation were misclassified most or all of the time. Only the mostcommon and most-recognizable artifact types were classified correctly most of the time.
False-positive rates either tended to approach 0, because a type was rarely identified outside the
hands-on laboratory analysis (resulting in few or no false positives), or, alternatively, were high, because
analysts frequently identified a ceramic artifact erroneously as one type when it was, in fact, another type.
For instance, general artifact types, such as indeterminate painted ware or indeterminate red-on-buff, were
often applied during the in-field or digital-photograph analysis to artifacts identified by the hands-on analysis as more-specific types, such as Encinas Red-on-brown. The general types (e.g., indeterminate red-onbuff), therefore, had high false-positive rates, because they were identified more often than they actually
occurred. More-specific types often had low false-positive rates (e.g., Encinas Red-on-brown), because
the types were identified by hands-on laboratory analysis but were rarely or never identified by in-field or
digital-photograph analysis. In-field analysis tended to identify artifacts less precisely according to type
than the hands-on laboratory analysis; digital-photograph analysis tended to identify artifacts more precisely, but according to types that were not identified by the hands-on laboratory analysis.
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Figure 8. False-negative and false-positive error rates for the ceramic-artifact
analyses, according to the number of observed types.

Figure 9. False-negative and false-positive error rates for the
lithic-artifact analyses, according to the number of observed types.

Another method for assessing the accuracy of the in-field and digital-photograph analyses was to calculate two additional statistics for some of the more-common artifact types: Cohen’s kappa and McNemar’s
test for bias. Cohen’s kappa uses contingency tables to calculate the strength of agreement between observers based on the observed and expected levels of agreement. McNemar’s test for bias uses the same
contingency table to identify whether systematic bias may have occurred in artifact identification.
Cohen’s kappa showed that even for the more-common types present in a collection, the strength of
agreement between the hands-on laboratory analysis and another analysis was often less than adequate.
McNemar’s test for bias showed that evidence for systematic bias was common.
For ceramic artifacts at Fort Bliss and Fort Huachuca, the strength of agreement was adequate for
vessel elements for all analyses but was not often adequate for specific wares and types. At Fort Bliss,
only the digital-photograph analysis was adequate for the most-common ceramic ware and type; in-field
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analysis was less than adequate in all cases. Evidence for systematic bias was not identified in the analysis of ceramic artifacts at Fort Bliss. At Fort Huachuca, the strength of agreement was adequate for all
analyses only for vessel element and for plain ware ceramic artifacts. Otherwise, the strength of agreement for the most-common wares and types at Fort Huachuca was less than adequate for one or more
analyses. In many cases, there was also evidence for systematic bias in artifact identification. Moreover,
none of the in-field or digital-photograph analyses was universally better at identifying artifacts. Typically, one was better than another at identifying one or more types, but not in identifying all or a majority
of important types.
For lithic artifacts at Fort Bliss, the strength of agreement was adequate for all analyses for the production methods of flaked stone and ground/battered stone, for the material type of sandstone, and for the technological type of cores. The strength of agreement for artifacts falling within the general categories of mano,
metate, or retouched tool was also adequate. However, for specific kinds of retouched tools—biface, retouched piece, scraper, and uniface—the strength of agreement was less than adequate for most analyses.
Although sandstone tended to be identified correctly, the strength of agreement for the more commonly
occurring material types of chert and limestone was inadequate for several analyses. There was also evidence for systematic bias in the identification of common artifact types by individual analyses.
For lithic artifacts at Fort Huachuca, the strength of agreement was adequate for all analyses only for the
production method of flaked stone. The strength of agreement was less than adequate for at least one analysis for all of the most-common material and technological types, including the more-general technological
class of retouched tools. There was also evidence for systematic bias in the identification of a number of
common artifact types. In part, these results suffered from the especially high error rates of one in-field
analysis (see Chapter 4); the other two analyses tended to perform better and demonstrated an adequate
strength of agreement for many, but not all, of the more-common material and technological types.
In addition to the accuracy of the in-field and digital-photograph analyses, the adequacy of results
was also assessed, by evaluating the overall distribution of analysis results in order to determine whether
differences in site interpretation could potentially result from the different analyses. In general, these assessments showed that there tended to be overarching similarities in the distribution of results and that
many of the same types were identified in broadly similar numbers among analyses. However, it is often
the case that artifacts that are diagnostic of specific cultural or temporal affiliations or of specific activities at a site are rare, and rare types were often misidentified. In-field analysis tended to identify artifacts
according to more-general and less-precise types than hands-on laboratory analysis or digital-photograph
analysis; also, both in-field analysis and digital-photograph analysis tended to identify types that were not
present in the collections. Digital-photograph analysis and hands-on laboratory analysis tended to identify
greater numbers of temporal components and more-precisely defined temporal components than in-field
analysis. In contrast, in-field analysis tended to identify types that corresponded to broader periods than
the types identified by hands-on laboratory analysis.
The results of the in-field and digital-photograph analyses also demonstrated the potential for such
analyses to result in erroneous and incomplete interpretations of cultural and temporal affiliation. Artifact
richness and the number of vessels that could potentially be inferred based on analysis results tended to be
greater for hands-on laboratory analysis or digital-photograph analysis, suggesting that the intensity and
diversity of activities interpreted to have occurred at a site could be substantially lower than if the results
of the in-field analysis were used for interpretation. Also, in-field and digital-photograph analyses tended
to identify more flaked stone tools than were indicated by the hands-on laboratory analysis (although the
identification of fewer tools occurred in one case). At Fort Huachuca, the hands-on laboratory analysis
identified a total of 10 flaked stone tools, whereas the digital-photograph analysis and one in-field analysis identified more than 20 flaked stone tools each, and the other in-field analysis identified only 4 flaked
stone tools (see Table 44).
All together, these results suggest that accurate site interpretation based on in-field analysis or digitalphotograph analysis is possible but not necessarily probable. Some analyses will perform well for some artifact types but will not perform well for other artifact types. Other analyses will perform poorly for many artifact types but can also perform fairly well for other artifact types. In some cases, digital-photograph analy84

sis performed better than in-field analysis, but in other cases, the opposite occurred. There also tended to be
variation between in-field analyses in the accuracy of artifact identifications; one in-field analysis could be
fairly accurate for many, but not all, artifact identifications, and the other was inaccurate in many cases.
Rare and important artifacts were missed most often by in-field analysis, whereas digital-photograph analysis identified rare and important artifact types, but not necessarily the right ones.
Moreover, assessment of analysis results shows that some important inferences based on in-field or
digital-photograph analysis alone are likely to be erroneous or incomplete. For instance, artifact types that
might be used to infer specific activities, such as the tabular knives identified by one field technician at
Fort Bliss (see Chapter 4), may be identified by in-field analysis when they are not actually present in a
collection. In such a case, they could lead to a manager’s conclusion that agave procurement was performed at a site when, in fact, it may not have been (Doolittle and Neely 2004). Conversely, rare and important material types, such as obsidian, may be missed by both in-field and digital-photograph analyses
(as happened at Fort Bliss), or one analysis may systematically identify the wrong material types for
many artifacts (as happened at Fort Huachuca). In the former case, important information that could be
derived from obsidian artifacts would be lost (see Haury 1976; Hoffman 1997; Liritzis and Diakostamatiou 2002; Liritzis and Stevenson 2012; Riciputi et al. 2002; Shackley 2005). In the latter case, an investigator might conclude that the users of a site had different material preferences or accessed different
quarry areas than they actually did.
Also, based on in-field analysis, an investigator might conclude that fewer activities occurred at a site
than was the case, because of artificially low artifact richness; that ceramic-vessel use was less intense
than was the case, because of erroneously low vessel counts; or that flaked-stone-tool use was either more
or less intense than was the case, because of erroneously high or low flaked-stone-tool counts. Different
kinds of ground stone or flaked stone technology could also be inferred based on the results of the in-field
or digital-photograph analysis. For instance, one analysis might identify a substantially greater number of
two-handed manos in a collection than were likely present, leading to the potential inference that intensive processing of maize occurred at a site (Adams 2002), whereas another might identify several basin
metates and milling stones that were not likely present at a site, leading to the inference that grinding activities focused on the use of less-formal tools. Fewer cultural or temporal affiliations and less-precise
chronologies could potentially be inferred from the results of in-field analysis. On the other hand, although digital-photograph analysis appears to have the potential to achieve a more-accurate and moreprecise picture of a site’s temporal components than in-field analysis, it can still miss rare components.

The Accuracy and Adequacy of In-field Analysis
Accuracy has two components: one is empirical, and one is inferential. Archaeological investigations that
rely solely on in-field analysis have to demonstrate that a sherd classified in the field as Rincon Red-onbrown really is Rincon Red-on-brown and not Rillito Red-on-brown, or they must provide a means by
which other archaeologists can verify the classification. As shown in the current study, digital photographs may not be adequate to enable verification of the in-field classification. The problem is not simply
of accuracy but of adequacy of interpretation. For example, an archaeologist might correctly identify a
sherd as Hohokam Buff Ware, but tremendous information is lost if the sherd could have been further
typed as Sacaton Red-on-buff. The current study showed that many sherds at Fort Huachuca, for instance,
were identified in the field as relatively general types and that more-precise types were identified primarily by trained specialists in a laboratory setting. This problem is endemic at the survey level. Most fieldcrew members are not adequately trained, many artifacts cannot be adequately cleaned, and field conditions, particularly in the summer, are not conducive to artifact analysis.
An example of the pernicious effect of the no-collection policy on archaeological research can be drawn
from research conducted in the Vekol Valley and Sand Tank Mountains of the western portion of the
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Papaguería. Between 1989 and 1994, SRI conducted three major surveys in these areas for the U.S. Air
National Guard Air Force Reserve. Most of the 100+ sites found were artifact scatters with very little
likelihood of subsurface deposits. Surface artifacts were collected as part of the 1989 survey but not during the subsequent two surveys.
More recently, the results of the surveys were reanalyzed and published in an article on the settlement
and subsistence of the region that was based on the survey results. The article argued for the existence
of two Hohokam communities and a much more complex cultural setting than had been previously interpreted for the resources (Altschul et al. 2008). Unfortunately, the article was ultimately only able to use
data from the first survey, during which artifacts had been collected—not because the data from the latter
two surveys were faulty, but because without detailed laboratory analysis of the collected artifacts, the
sites from the second and third survey could only be classified very simply, according to the cultural affiliations of Hohokam, Patayan, or “other.” They could not be accurately classified according to distinctive periods corresponding to Hohokam and Patayan cultural histories (e.g., Pioneer, pre-Classic, or Classic period Hohokam or Patayan I, II, or III). Lots of time, money, and effort were expended to document
these sites, but the returns from those cases in which no collections had been made were minimal. Had
this been data recovery and had the sites been subsequently destroyed without any collections made, the
losses would have been irretrievable.
In the digital age, one might argue that it is possible to document surface artifacts sufficiently, such
that we do not need to keep the physical objects. The truth of such a conclusion, however, is still very
much in question. The current study showed that digital-photograph analysis, even when conducted by a
trained specialist, can be just as inaccurate as, and sometimes less accurate than, in-field analysis. Although digital-photograph analysis conducted by a trained specialist could produce more-refined results,
it could also result in inaccurate and misleading site interpretations. At both Fort Huachuca and Fort
Bliss, digital-photograph analysis resulted in the identification of multiple distinctive artifact types (such
as specific ceramic types or ground stone tools) that were not likely to have been present in the collection
and that could have led to erroneous conclusions about the cultural and temporal affiliations of the sites
and about specific kinds of activities performed there.
In addition, digital curation is certainly not without cost. Preparation of metadata, transferring of files
to archival formats, and migration of software and hardware may, in the end, be just as expensive as curation of the physical objects. Moreover, in order to curate digitally, the DoD would have to guarantee the
long-term storage and preservation of digital materials.
Clearly, analysis of artifacts impacts the interpretation of a site from an archaeological standpoint.
One might ask, does misidentification of artifacts also impact the management of a site? If so, how? Conversely, if all that is needed to manage a site are only the most basic data on site location, size, and content, then what is the purpose of collecting any specific information about artifact types or attributes, particularly if those data are routinely insufficient for accurate identification and cannot be trusted?
Following this logic, it could be argued that efforts expended to analyze artifacts in the field are not well
spent and should be placed elsewhere. Why analyze artifacts at all? In some cases, having detailed and
accurate information about a site will not affect management decisions, but only when minimal information is needed to understand impacts to a site and when adverse effects to a site will always be avoided.
Avoidance is increasingly difficult as more land area is devoted to training activities, and as greater numbers of sites are discovered, the options for avoidance become limited.
NPS guidelines specify that evaluation of the eligibility of a property has to be based on careful consideration of the significance and integrity of a site (Little et al. 2000; Parker and King 1998; Shrimpton
2002). The significance of a site is supposed to be determined based on the relevance of a property to a
historic context. Properties considered eligible for listing in the NRHP under Criterion d are significant
based on their relevance to important research questions or data gaps. The determination of significance is
thus based on issues that speak to the importance of a property to U.S. history and cultural heritage and are,
in most cases, inherently of archaeological, historical, anthropological, or social concern. Having accurate
and reliable information about a site is crucial to interpreting its significance and to determining whether
it has sufficient integrity to convey its significance and to what degree and in what ways adverse effects
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could impact that significance. In other words, understanding whether and how a site will be impacted by
a federal undertaking and how those impacts should be resolved is partly dependent upon having accurate
information about the attributes of a site, as determined through artifact analysis. With inaccurate data,
sites may need to be visited multiple times to gain the information needed for site evaluation and identification of impacts, greatly expanding the effort needed to complete evaluations and to plan projects. With
artifact collection and laboratory analysis, the level of effort needed for evaluation would arguably be
less. Moreover, the artifacts that support these determinations could, themselves, be reviewed, and interpretation revised or validated, without costly fieldwork, even for cases in which long periods of time have
passed since inventory was conducted.
Much of the information needed to reliably identify the current or long-term research potential of a
site, in order to evaluate its significance under Section 106 and support the stewardship responsibilities
mandated under Section 110 of the NHPA, cannot be developed without accurate artifact information. Identification of the temporal and cultural affiliations of sites, as well as site function, is routinely established
through artifact analysis. Indeed, several of the variables that many investigators have indicated as crucial
to establishing representative samples of sites for long-term preservation and for determining the long-term
data potential of sites are derived primarily from artifact analysis: temporal period, site function, assemblage diversity, and cultural affiliation (Briuer and Mathers 1997; Sebastian 2009). The analysis presented
in this volume shows that all of those variables could be inaccurately assessed, sometimes grossly so,
when based on in-field or digital-photograph analysis.
Another reason that accurate artifact identification is important to management is that consultation regarding the eligibility and treatment of historic properties is a fundamental component of the compliance
process mandated by Section 106 of the NHPA. Adverse effects to historic properties that are eligible for
listing in the NRHP need to be considered in consultation with other parties, including SHPOs, Tribal
Historic Preservation Offices, Native American tribes, and, as necessary, the ACHP. Thus, engaging
stakeholders in the identification and consideration of adverse effects and establishing a sense of trust
among consulting parties should be important goals of DoD CRM programs. Establishing trust and good
working relationships is crucial to ensuring that the process runs smoothly and to demonstrating that the
DoD is performing its compliance responsibilities in good faith. Having accurate data that can be counted
on for consultation regarding adverse effects to historic properties is one means of establishing trust. This
experiment makes clear that site interpretation based on in-field analysis can be inaccurate and that rare
and important site components may be missed or misinterpreted because of faulty artifact data. If these
possibilities become accepted truths, then other, more basic and important data, such as data on location
and integrity, may also not be trusted. Lacking confidence, installations may never get buy-in from stakeholders and could either fail to successfully complete the compliance process or be required to engage in
other, unwelcome and costly efforts, such as dispute resolution and termination of consultation.

What to Collect? That is the Question
Questions of what to collect, how many artifacts of each material class need to be analyzed, and how
many, if any, collected artifacts need to be curated in perpetuity have been debated by archaeologists for
generations, and archaeologists have traditionally been guided by two principles in answering them. The
first of these can be called the stewardship principle. Because archaeology is a destructive act, archaeologists who excavate a site have a responsibility to ensure that the site is adequately documented, such that
future archaeologists, Native Americans, and other members of the public can use the data obtained to
continue to learn about the past. As Childs (1995:n.p.) has noted, “the reality is that, once a site is excavated, these materials are often the only remaining evidence of a past culture. Not surprisingly, they are
proving increasingly valuable for thesis, dissertation, and other research projects.” Stewardship means
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that artifacts are properly identified, cataloged, and curated, along with notes, databases, photographs,
maps, and all other materials necessary to understand a site.
The second principle that provides a rationale for artifact collection can be called the science principle.
Archaeologists, like all scientists, forward arguments based on their interpretations of data. Unless an archaeologist allows his or her peers, as well as future generations of archaeologists, to confirm or refute his
or her interpretations by reexamining the basic data upon which a claim is based, such arguments cannot
be verified; hence, they are considered suspect, if they are not simply rejected out of hand. For an article
published in Science, Michael Bawaya (2007) interviewed Terry Childs (then a curator with the NPS in
Washington, D.C., and currently a curator with the USDI), who provided an example of one of the pitfalls
of in-field analysis: the inability to reevaluate materials used to interpret a site. Childs noted that in one
excavation in Maryland, a colleague left the artifacts from a historical-period house in the ground rather
than cleaning and analyzing them in the laboratory. Based on the in-field analysis, the house was interpreted as dating to the twentieth century. However, more-detailed subsequent excavation revealed that the
house dated instead to the nineteenth century (Bawaya 2007:1025). No-collection surveys, which are on
the rise, result in similar problems. Interviewed for the same article, Christopher Pullium, an archaeologist with the USACE in St. Louis, Missouri, cautioned that the integrity of archaeology as a scientific discipline is undermined without collection: “If one can’t replicate research results or reanalyze the materials
from a site, then [archaeology] can’t proclaim to be a science” (Bawaya 2007:1026).
A decision to allow in-field analysis in lieu of collection must demonstrate how archaeologists will
still be able to meet their scientific and stewardship responsibilities. Because curation is expensive and
curatorial space is at a premium, all archaeologists must be cognizant of the crisis and ensure that collections are prudent and reasonable. One potential way to address the situation is to collect a sample of artifacts from a site that can be analyzed in a laboratory setting by a trained specialist. Even this solution,
though practical, has some potential drawbacks that should be considered, based on the results of this
study (see also Graesch 2009).
For instance, Graesch (2009) showed that the recovery of archaeological materials is highly dependent
on field-crew experience and recovery method. Graesch’s (2009) study documented that recovery rates
for artifacts in the field can be as low as less than 10 percent (compared to the total number of artifacts recovered after resifting field-sifted sediment in a laboratory setting). Artifact-recovery rates for field crews with
limited experience can be both low and highly variable, ranging from 5.8 to 33.2 percent. Recovery rates
for highly experienced crews were much higher and less variable, ranging from 50.5 to 61.5 percent.
Overall, the average recovery rate for crews with a variety of levels of experience was 47.5 percent.
Graesch’s (2009) analysis showed that even among highly experienced crews, the percentages of artifacts
of common types that were missed in the field ranged from 43 to 62 percent, and the percentages of artifacts
of rare types that were missed in the field ranged from 51 to 100 percent. In terms of interpretation, fieldrecovered artifacts were able “to discern major inter-household differences in terms of emphases on particular activities [but were] overall poor indicators of the intensity at which these activities were performed” (Graesch 2009:774). Thus, Graesch (2009:774) argued that field data resulting from the study
could not be used “to detect subtle but important differences in the focus and intensity of household activities.” Ultimately, Graesch (2009:777) concluded that the “recovery of artifact assemblages that accurately
reflect the variety and abundance of artifacts occurring in excavated deposits hinges on the retention of a
representative portion of screen residue for laboratory analysis.”
Collecting a representative sample according to type could be unreliable, simply because the identification of artifact types by in-field analysis is unreliable. As was shown in Chapter 3, many ceramic types
failed to be identified correctly in the field. So, if field crews were instructed to collect all painted ceramic
artifacts or a sample of painted ceramic artifacts, a substantial proportion of painted ceramics at a site
could be erroneously identified in the field as unpainted, or vice versa. This certainly could have happened at the Fort Huachuca site, for instance.
Rather than collect all or a sample of painted ceramic artifacts, a conservative approach that has greater
potential to preserve important information about a site would be to collect a sample of decorated ceramic
artifacts and a sample of undecorated ceramic artifacts. Even better would be to make these collections
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according to site component, locus, or feature type. Such an approach would have a better chance of resulting in a representative sample, by lessening the impact of potential artifact-identification errors.
The same goes for lithic tools, another artifact type that is commonly considered diagnostic of site
function. If a field crew were directed to collect all or a sample of lithic tools, it is likely that the collection would include other lithic artifacts not classified as tools and that important lithic tools would be
missed. Thus, it might make sense to have crews collect all lithic tools up to a certain number and to collect a representative sample of cores and flakes, because laboratory analysis could reveal whether some of
the artifacts identified as tools in the field were actually cores or flakes, or vice versa.
The collection of some artifacts, such as some ground stone artifacts, could be difficult to justify in
situations of limited curation space and funding, because of their bulk. These kinds of artifacts may require more-thorough documentation and measurement in the field to provide enough information for the
artifacts to be interpreted more fully by a trained specialist or reevaluated in the future.

Recommendations for Best Practices
This report would not be complete without providing recommendations for best practices. Given that this
study has shown that in-field and digital-photograph analyses of many artifact classes and types were often inaccurate or imprecise, it is not possible at this time to suggest which artifact types or classes are
likely to be identified correctly by in-field or digital-photograph analysis. However, recommendations for
improving the training of in-field analysts, the tools available for in-field analysis, and the conditions under which in-field analysis is conducted can be provided. Recommendations can also be provided regarding further assessment of in-field-analysis results. Below is a series of recommendations for best practices.
•

Provide field technicians with periodic training in artifact analysis that is specific to particular
subregions, survey areas, and artifact classes. Field technicians can perform well in identifying
some artifact types, but they may often not have adequate experience to identify unusual or rare
artifact types. When in-field analysis has to be performed by field technicians, provision of
training will at least give field technicians some of the tools they need to accurately identify
artifacts according to type. Workshops in artifact analysis could periodically be offered by the
DoD or other agencies to provide such training. Review of artifact types likely to be encountered
in a project area prior to fieldwork would also improve the quality of in-field analysis. Review
could be accomplished prior to fieldwork by having a trained specialist review existing
collections with the field crew or by visiting one or more sites with artifact types likely to be
encountered during fieldwork.

•

Develop technical field manuals pertinent to specific regions and subregions that can be used
to present standardized and explicit information on how to identify the artifact types likely to be
encountered at archaeological sites in a given region. Technical field manuals that provide illustrations of artifact types along with descriptions of their specific attributes will provide a
common typological system and a common information base for in-field artifact analysis. Such
field manuals can provide information concerning what artifact attributes to look for, how to
identify them, and which attributes are important to measure and record. The use of field manuals not only can improve the accuracy and reliability of in-field artifact analysis but also can
contribute to ensuring that data obtained by different crews and organizations are comparable
across surveys (see Railey 2010).

•

Test the accuracy and adequacy of in-field artifact analyses performed by individuals tasked with
conducting in-field analysis for archaeological projects. Field-crew members who are slated to
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perform in-field analysis, particularly for large projects, can be tested in order to rate their ability
to identify artifacts of different artifact classes and types. Those who demonstrate the greatest
ability in identifying specific artifact classes can be tasked with analyzing those artifact classes in
the field. Deficiencies in artifact identification can also be identified through testing, in order to
identify where training efforts need to be placed as well as cases in which artifact-analysis results
are likely to be unreliable. It may also be possible to develop a rating system that can be used to
identify field-crew members with demonstrated abilities to perform in-field artifact analysis.
•

Test the accuracy and adequacy of in-field artifact analysis performed during previous survey.
In order to assess whether previous survey resulted in reliable artifact data, previously surveyed
sites subjected to in-field analysis can be revisited by trained specialists in order to verify
artifact-analysis results. In some cases, it may not be possible to identify the specific artifacts
analyzed during fieldwork, but it may be possible to assess whether important types were
missed and which types were likely to have been misclassified. It may also be possible, in some
cases, to reanalyze collections from previous surveys. The results of laboratory analysis of
collections could be compared with artifact identifications made in the field. If artifacts were
individually numbered, the same quantitative methods used in this report to assess analysis
results could be applied to collected artifacts. Such efforts would allow managers to estimate
the level of confidence that could be placed in the results of previous survey efforts and to
identify sites or survey areas that may need to be revisited. These efforts could also be
combined with eligibility evaluations.

•

When in-field analysis is to be conducted, have trained specialists perform the analysis during
inventory of large and important sites, during eligibility evaluations or site revisits, and during
data recovery. For some projects, known sites are rerecorded during survey or are revisited to
perform eligibility evaluations. Particularly if such sites have components that are known or
suspected to be especially important or unusual, having a trained specialist perform the analysis
will likely provide more-accurate and more-complete artifact-analysis results. Because data
recovery could result in the destruction of a site or site components, it is imperative that trained
specialists perform any in-field analysis that is conducted, because in such cases, in-field analysis
may constitute the only remaining record of a site’s artifact content.

•

Collect a representative sample of portable artifacts from sites subjected to in-field analysis. In
many cases, collecting a representative sample of artifacts from a site will involve the
collection of small numbers of artifacts. Overall, this might amount to one or two archival
boxes of artifact collections for an individual survey. Often, collected artifacts can be restricted
to artifacts identified as diagnostic of temporal affiliation, cultural affiliation, or tool use. In
addition to collecting examples of these artifacts, it would be useful, when possible, to collect
samples of artifact types according to artifact class, such as flaked stone tools, reduction debris
and nuclei, ceramic artifacts, and ground stone tools. Collection of a representative sample of
material types would also be important, because accurate identification of material types can be
difficult to achieve in the field. Collecting representative samples of artifacts according to
artifact class and material type would help to reduce the potential for bias in sample selection
(see above discussion).

•

Intensively document artifacts analyzed in the field. In many cases, simply providing data on an
artifact type will likely be insufficient for the identification to be validated or considered
sufficient and reliable. Digital photographs also do not appear to consistently provide sufficient
information for an accurate identification to be made. Key measurements and identification of
morphological attributes or design elements could provide data that could be used to evaluate the
accuracy of a field identification. These could be attributes specified in a technical field manual.
Intensive photographic documentation of artifacts from multiple angles, using standardized
background templates, could also preserve information about the artifacts analyzed in the field.
Along with a metric scale, digital photographs could be taken using an industry-standard gray
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card (such as an 18 percent gray card). This would enable digital photographs to be colorcorrected in the laboratory using the known color values of the gray card. In rare instances,
especially important artifacts at some sites could be documented using lidar or other threedimensional scanning technologies. It is important to recognize that intensive documentation of
artifacts in the field does not come without added cost. The value-added cost of additional
documentation vs. the cost of artifact collection and curation should be assessed to determine
whether in-field analysis substantially reduces the cost of a project.
•

Use handheld recording devices or personal digital assistants (PDAs) with standardized entry
forms to conduct in-field analysis. PDAs can be programmed with site forms that are populated
from drop-down menus and lists that enable data to be entered according to a standardized
format and typological system. Use of such devices and programs can reduce transcription
errors, streamline data entry, and ensure that data entry is consistent between observations and
observers. In some cases, it may also be possible to link artifact photographs directly to
individual artifacts recorded in the field as well as to record locational information associated
with the analyzed artifacts.

•

Where possible, analyze provenienced artifacts in a laboratory setting, and return them to their
discovery locations after analysis. The most-accurate analysis of artifacts will likely be
achieved by a trained specialist in a laboratory setting. In some cases, it may be possible to
temporarily remove artifacts from their discovery locations in order to analyze them in a
laboratory, thereby providing accurate analysis while also minimizing collections. For large
and intensive investigations, a temporary field laboratory can be established. Extra effort to
point-provenience artifacts may need to be expended, if only to enable replacement of artifacts
after analysis in locations that are close to their exact discovery locations in the field. Use of
collection units for such a strategy instead of point-proveniencing would be more cost-effective
but could result in artifacts’ not getting replaced in their original positions. If minimizing
impacts were a goal of a project, that goal might be undermined if collection units were used
instead of point-proviencing. For cases in which artifacts need to be returned to their original
discovery locations, photographic documentation and/or mapping of the areas from which
artifacts have been temporarily collected would help to ensure that they are returned to
locations that are close to their original discovery locations.

•

Engage stakeholders in survey methods and procedures, providing the pros and cons of in-field
vs. laboratory analysis and collection vs. noncollection of artifacts. It is often assumed by federal
land managers that stakeholders, particularly Native American tribes and communities, would
rather not have sites disturbed by artifact collection. However, if it is clear that the default
method, in-field analysis, is likely to produce less-than-desirable results upon which the
stakeholders, the SHPO, and the federal agency will be asked to base resource decisions, it is
possible that these groups may opt to have sites minimally disturbed by limited, systematic
collections. At the very least, as part of their consultation efforts, federal agencies need to provide
stakeholders with assessments of the accuracy of the provided archaeological data upon which
they are asked to base recommendations of significance, project effects, and project alternatives.

Where Do We Go From Here?
Archaeological CRM Surveys in the Twenty-First Century
U.S. archaeology made a Faustian bargain in the late twentieth century: to cut costs and to alleviate perceived Native American concerns, archaeologists unilaterally eliminated or limited artifact collection on
surveys. We cut our costs dramatically, but we have paid a steep price. Project areas surveyed 10 or
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15 years ago routinely have to be resurveyed. Determinations of eligibility can be based on such unreliable data that stakeholders believe that they are considering one type of site when, in fact, the site under
consideration is fundamentally different from what has been reported. Archaeologists and stakeholders
alike are constantly surprised to find during data recovery that a carefully crafted and well-considered research design must be heavily revised or completely abandoned. In such cases, project sponsors are
alarmed to learn that budgets for archaeology must be increased substantially in order to successfully
complete a project. Many of these problems stem from the relegation of nearly all artifact analysis to infield analysis, in the absence of collection, leading to decisions and management strategies based on
faulty data that are not easily validated.
Voices are now being raised to question the correctness of limited-collection and no-collection policies. The USACE Mandatory Center of Expertise for the Curation and Management of Archaeological
Collections, for example, has advised that a minimum representative scientific sample be collected during
archaeological projects, including during survey, because samples are needed for some kinds of analysis and
because in-field identifications cannot be scientifically verified when no collections are made. But is it
too late to put the genie back in the bottle?
The decision to collect or not to collect on survey should not be prejudged. It falls to every archaeologist
and cultural resource manager to make the best case for specific field and laboratory methods based on
explicit assumptions for each particular project evaluated by representatives of federal agencies, SHPOs,
tribes, and others. Blindly following limited-collection or no-collection policies should not be viewed as
a best practice. DoD installations have a big stake in this debate. Certainly, CRM programs must be costeffective, and it is tempting to do everything possible to cut expenditures.
However, saving money at the expense of our national heritage is a poor bargain. For nearly a century, the collection of artifacts has allowed for the continued investigation of the past. This information
has been and continues to be of benefit to the many publics of the United States. But it comes at a cost.
Artifacts and associated documentation need to be curated in perpetuity in accordance with federal collection-management guidelines and with the support of federal funds. Some artifacts can be deaccessioned,
but the degree to which deaccessioning will reduce the burden and relieve the curation crisis is unknown.
Archaeologists, installation managers, SHPOs, Native American tribes, and other interested parties need
to weigh the options. What will be preferred: (a) collecting, analyzing, and curating artifacts in order to
interpret significance, resolve effects, consult with stakeholders, and preserve the long-term data potential
and scientific value of sites or (b) continued acquisition of, and dependence of DoD CRM decisions on,
artifact-analysis data collected in the field, which are likely to be of questionable accuracy and reliability
and of limited utility?
The discussion thus far has been in the abstract. How much is our past worth? What needs to be understood in much more explicit and much clearer detail is what the real costs of collection, laboratory
analysis, and curation are, to the DoD and to the public, vs. the real costs of in-field analysis and limited
collection or noncollection of artifacts. The assumption is that because collection and curation add lines to
a budget, in-field analysis must be cheaper and more cost-effective than collection. Whether this is really
true in the long-run is not known. What are the costs of revisiting sites and performing additional recording and analysis in support of evaluation efforts necessitated by inaccurate artifact data? What are the
costs of investing more time in the in-field recording of artifacts and the curation of related documentation? What are the social, political, and cultural-heritage costs of losing resource value by not knowing
enough about a resource to interpret its significance and decide on the course of stewardship?
Before we can make informed decisions about surface-artifact-collection or in-field-analysis strategies,
we need to have more data. A follow-up study should be initiated to compare the costs of different approaches in the analysis of surface artifacts to the potential consequences of the various strategies. For example, in-field analysis might lead to a greater number of sites determined eligible for listing in the NRHP,
thus requiring increased time and effort to manage them. We can model these management costs and compare them to the additional costs of analyses that would have alleviated the management costs. Once these
cost comparisons have been made, the DoD will be in a better position to assess the costs in time and effort
and to reach a decision as to the most effective way to manage our archaeological heritage.
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Resource Management Program Project to Assess
the Quality of In-Field Artifact Analysis
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Project Context and Goals
Driven by the curation crisis that has affected all archaeological research in the United States, there has
been a recent trend among some western states to limit field collections (Lyons et al. 2006; Sagebiel et al.
2010). As a consequence, in-field artifact analysis is increasingly used as an alternative to artifact collection, laboratory analysis, and subsequent curation. But how accurate are in-field analyses? What classes
of artifacts can be recorded adequately in the field? Which classes need laboratory analysis? And which
artifact classes are likely to be revisited by future researchers in the laboratory? The answer to these questions is, “No one knows.”
Statistical Research, Inc. (SRI), recently received funding from the Department of Defense (DoD)
Legacy Resource Management Program to conduct a pilot study of in-field artifact analysis (Project
No. 07-353). The purpose of this project is to provide the DoD with good answers to the above questions
from which decisions about field recording and future curation can be made. The objective of this project
is twofold: (1) to perform a pilot test of the accuracy and adequacy of in-field artifact analysis using surface materials from sites at two U.S. Army installations (Fort Bliss and Fort Huachuca) and (2) to prepare
a report of the results that will include a set of best practices for installations and ranges to help guide cultural resource managers (CRM) in the western United States. The ultimate goal of the project is to present
the circumstances and the material classes of artifacts that are best suited for in-field analysis. Installation
managers will then be in a position to make sound judgments on inventory, evaluation, and data recovery
strategies that meet the DoD’s compliance objectives and stewardship responsibilities.

Project Methods
A sample site or sites considered to be likely candidates for in-field analysis by the CRM will be selected
at each installation. The selected sites will be visited by multiple teams of archaeologists, who will count
the number of surface artifacts, place the artifacts into material classes, type them, and document them
with digital photographs. The artifacts will then be collected and analyzed in the laboratory by trained
analysts. Additionally, two sets of analysts will independently analyze the collections solely from digital
photographs. For each site, the results of the in-field analyses will then be assessed against each other to
determine the levels of consistency. The same will be done for the analyses using only digital images. Finally, the in-field analyses and “digital” analyses will be assessed against the laboratory results. Existing
reports may also be used to compare the results of initial inventory field assessments of artifacts to subsequent laboratory analysis of artifacts from the same site.
At Fort Huachuca, the Soldier Creek site (AZ EE:7:164 [ASM]) has been identified as an excellent
candidate for this project (Cook 2003; Vanderpot 1994:86–92) (Figure A.1). The Soldier Creek Site is a
large, intensively utilized Formative period habitation site located near the end of a broad ridge that overlooks a wide, grass-covered floodplain of Soldier Creek. The site was originally recorded by Vanderpot
(1994) during survey and was rerecorded during a subsequent survey by Cook (2002). Sediments at the
site consist of mixed gravel and loamy alluvium. Vegetation is dominated by mesquite; desert broom,
burroweed, and cholla are also present. The site consists of an extensive ceramic and lithic scatter, at least
four trash mounds, and two rock rings. An isolated historical-period trash scatter and modern artifacts associated with military activity are also present.
Lithics at the site consist mostly of debitage and cores made on a variety of raw materials, including
chert, jasper, hornfels, quartzite, quartz, chalcedony, rhyolite, and andesite. One piece of obsidian was also
observed. Flaked stone tools identified at the site included modified flakes, a scraper, core/chopper tools,
tool blanks, and a projectile point. Ground stone artifacts—all of which were made on granite, quartzite, or
an unidentified material—consisted of at least six fragments from basin metates, a trough-metate fragment,
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Figure A.1. The Soldier Creek site, showing in yellow highlight the
four trash mound features to be surface collected (reproduced
from Cook [2002:53, Figure 3.24.])
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and four manos. Ceramics consisted of a variety of painted and plain wares, including wares associated
with the Tucson Basin Hohokam, Dragoon, and Babocomari ceramic traditions (Heckman et al. 2000).
Pit-house features are suspected to be present because of the presence of trash mounds but have not been
observed on the site surface.
When first recorded by Vanderpot (1994), thousands of artifacts were noted at the site, including
hundreds on the surfaces of individual trash mounds. When rerecorded by Cook (2002), however, the surface characteristics of the site had changed; only 110 flaked stone artifacts, 102 ceramic artifacts, and
7 ground stone artifacts were noted. Erosion was inferred to have caused changes to the site surface between recording episodes. In addition to erosion, the site has been impacted by vehicle traffic and modern
military activity, and at least one feature (Feature 2) has been directly impacted by modern activities.
Multiple collections have also been made from the site, including a substantial number of decorated
sherds.
Surface-artifact counts remained comparatively low during a recent visit to the site by the Fort Huachuca CRM; fewer than 100 artifacts were observed on the surface of any of the four trash mound features. Visibility was excellent. Recent disturbances to the site appeared relatively minor and are due to
natural sheet erosion and bioturbation.

Field Methods
Five trash mounds have been previously identified at the Soldier Creek site (Vanderpot 1994), but one has
since eroded or is completely obscured by vegetation. Each of the four remaining trash mounds identified
at the site (Features 1, 2, 3, and 5) will be sampled with a single collection unit, for a total of four collection units. At the present time, we anticipate that collection units 10 by 10 m in size will encompass the
entirety of each trash mound and will be sufficient to collect the artifacts needed for analysis. In all likelihood, the surface collection will result in the collection of fewer than 400 artifacts, a number that should
be sufficient to meet the goals of the project.
The Advisory Council on Historic Preservation (ACHP) and the Arizona State Historic Preservation
Office (SHPO) agreed that there would be no adverse effect on AZ EE:7:164 (ASM) if artifacts collected
during the course of the project were returned to the field by the end of the project, rather than curated.
The collected artifacts will be analyzed and photographed in the field and subsequently analyzed in the
laboratory before being returned to their original collection units. To ensure that collected artifacts are returned to the site in close proximity to their original positions in the field, each collection unit will be divided evenly into uniquely provenienced, 2-by-2-m grid cells. Photographs that each include a metric
scale and a north arrow will be taken of each grid cell in the field prior to artifact collection. The grid cells
will serve as the provenience designations for collected artifacts, and artifacts will be returned to these
provenience units, using the field photographs as guides to artifact placement.
A mapping-grade global positioning system (GPS) unit loaded with geospatial data representing the
locations of previously identified site boundaries, datums, and features will be used at the inception of
fieldwork. Once the features and attributes mentioned in previous reports are relocated, the GPS unit will
be used to establish or reestablish Universal Transverse Mercator World Geodetic System 1984 coordinates for the site datum and the southwest corner of each collection unit. SRI will allow the GPS unit to
record continuously for a minimum of 10 minutes for each measured location, a process that will produce
coordinates accurate within 10–15 cm once the GPS data are differentially corrected.
A total of four sample units for surface collection will be placed so as to encompass each of the four
trash mounds identified at the site (see Figure 1); each sample unit will measure no more than 7 by 7 m in
size. The field crew will place a pin flag adjacent to each artifact that is to be collected, photograph the artifact, and identify the artifact according to type and relevant technological attributes, by material class.
Field recording will be done using SRI’s system for recording provenience information for artifacts, fea113

tures, and sample units. Following widely accepted conventions for the locations of artifacts, samples,
and activity areas, this system provides a separate list of provenience numbers for each archaeological site
and assigns a unique number to every space that contains features, artifacts, or other archaeological units.
Digital photographs will include scales and will be taken of the obverse and reverse surfaces of each artifact (e.g., the interior and exterior surfaces of a ceramic artifact) and will be documented such that each
individual artifact can be clearly identified and related to its analysis data. At a separate time closely following this initial recording episode (i.e., on the same day or the following day), a different field crew
will identify each artifact, using the same recording system and also using the pin flags and digital photographs, if necessary, to relocate each artifact. After being analyzed a second time in the field, the artifacts
will be collected following standardized procedures for the collection and storage of artifacts (in accordance with Title 36, Part 79, of the Code of Federal Regulations [36 CFR 79] and established curatorial
standards and guidelines). Because collections of decorated ceramics and other artifact classes have previously been made from the site, these artifacts will also be made available in the field by the Fort Huachuca CRM for the field crew to analyze and photograph.
During the course of surface collection, there is the possibility that human remains will be encountered. Fort Huachuca will be immediately notified should human remains be encountered during the
course of this project. They will be treated with the utmost respect, according to the protocols outlined by
the Native American Graves Protection and Repatriation Act (NAGPRA) and addressed in Fort Huachuca’s Integrated Cultural Resources Management Plan. There is no plan, however, to collect and analyze human remains as part of this project.

Laboratory Methods
Laboratory processing will follow established SRI guidelines and will meet all the requirements of the
Arizona State Museum (ASM). Archival-quality storage materials will be used. Computerized inventories
of artifacts, proveniences, and catalog lists will be maintained by the laboratory. Computer files, databases, and inventories will be regularly backed up, and copies of all records will be kept in fireproof facilities. All of the laboratory analyses and recording of artifacts and materials collected will mirror the infield recording. All of the field and laboratory observations collected will be entered into SRI’s relational
database, which will provide relational links between individual artifacts and their specific proveniences
as well as permit comparisons of identifications made in the field, identifications made using digital photographs, and identifications made from the collected artifacts in the laboratory.
The physical artifacts as well as digital photographs of the artifacts will be analyzed in the laboratory
by multiple teams of analysts. If an individual analyst needs to participate in both the analysis of digital
photographs and laboratory analysis of physical-artifact specimens, the analyst will first analyze digital
photographs of artifacts and then analyze the physical artifacts during a separate recording episode. To
ensure independence between the two analyses in such a case, the analyst will not be provided the opportunity to revise identifications made during the digital-photograph analysis after having seen the physical
specimens. All ceramic materials collected during this project will be classified into traditional ware and
type categories to the finest levels possible. As data permit, the dimensions and shapes of individual vessels will be inferred. Lithic analyses will focus on the identification of artifact types, raw-material types,
and technological attributes.
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Analysis and Reporting of Project Results
Statistical measures will be employed to assess the levels of consistency among in-field analysis, digital
analysis, and laboratory analysis. Assessments will determine whether artifact identifications among the
three methods agree or disagree, how often they agree or disagree, and the degree to which assessments
vary in the level of precision. For instance, in-field analysis might indicate that a sherd dates to the Sedentary period of the Hohokam sequence (ca. A.D. 900–1150), and a subsequent laboratory analysis might
conclude that the same sherd could be more precisely dated to the Rillito phase (ca. A.D. 900–1000) of the
Hohokam sequence. Both identifications could be technically accurate, but one is more precise, in that it
provides a greater level of specificity.
Ultimately, information derived from artifacts is essential to interpreting site function and temporal
and cultural affiliation. In turn, these data are essential to making National Register of Historic Places–
eligibility recommendations and decisions regarding level of effort, sampling requirements, and avoidance. The adequacy of in-field analysis will be assessed by determining whether enough accurate information was derived to result in an appropriate identification of the resource. The results of these assessments will be used to identify the kinds of artifacts that are best suited or poorly suited to in-field analysis
and to recommend best practices for in-field analysis. A final report of the results will be prepared that
will include a set of best practices for western installations and ranges.

Final Disposition of Collected Artifacts and Project Materials
As stated above, the ACHP and the Arizona SHPO agreed that there would be no adverse effect on the
Soldier Creek site if the artifacts collected during the course of the project were returned to the field,
rather than curated. Following this recommendation, the Fort Huachuca CRM will ensure that all artifacts
collected during the course of the project are returned to the provenience units from which they were
originally collected.
The Fort Huachuca CRM will also ensure that artifacts previously collected from the site and used
during the course of the project for making artifact identifications, along with any records resulting from
the project, are curated by the ASM in accordance with standards and guidelines generated by 36 CFR 79,
with consideration of any claims or conditions recognized as a result of consultation with Native American tribes according to the provisions of the NAGPRA. Upon receipt of the final report for the project, the
Native American tribes shall be provided the opportunity to review any and all recovered materials. Any
human remains, associated funerary objects, sacred objects, and objects of cultural patrimony that may
have been discovered during work at the Soldier Creek site, including those to be returned, reburied, or
otherwise repatriated to those Native American tribes having established claims of affiliation or descent
under NAGPRA, shall be treated with dignity and respect at all times. Further, any specific treatments
identified by the affiliated Native American tribes for application to claimed materials prior to disposition
will be observed.
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