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Introduction

Archaeology has always been a search for the unknown of past human cultures.  As with 

any search, there are mysteries.  Some of these, of course, are harder to solve than others. Often

the most puzzling questions come up when dealing with pre-historic populations, from which 

we have very limited data sets.  The area of western New York is such a case.

Although sites from many occupation eras have been documented, and artifact types 

designated to them, some sites have no diagnostic artifacts.  Often, these are small sites 

designated "lithic scatters" due to the artifactual makeup.  Other sites, such as those which have 

been judged to be partially destroyed or looted, can lack the diagnostic artifacts from the lithic 

assembly.  If these sites could be designated to occupational eras, that designation may allow 

archaeologists to form more accurate occupational strategies or to define ranges of mobility for 

pre-historic populations, or to make make more sense of information from traditionally ‘data-

sparse’ areas.

Archaeology has started to enter a new computer age.  Though computer cartography, 

computer aided design (CAD), and computer data bases have been used for years in tabulating, 

storing, and analyzing archaeological data, a new technology is now finding its way into the 

discipline.  Geographical Information Systems (GISs) take even those advanced computer 

storage mediums to a new level of integrated analysis, opening many more options possible to 

the archaeological  analyst. 

Archaeological sites are non-renewable resources for data on the past actions of humans.

One of the crucial factors of archaeology is that any work done on a site must be executed with 

the utmost care and documentation, as excavations destroy the site and can thus never be 

repeated.  With such a factor of importance within the archaeological community, protection 
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from site destruction by outside means (landowners, construction companies, quarries, etc.) is 

even more crucial, as sites can never be reconstructed.  In the United States there is legislation 

enforcing the systematic archaeological survey of all construction projects funded by state and 

federal government monies.  Local governments can also force corporate and even residential 

builders to have archaeological surveys done as a part of an Environmental Impact Assessment.

In order to better identify and protect these resources, archaeologists have tried to build 

models of optimal site location through various methods, but seldom have these models looked 

at more than three variables on a large scale.  Through the use of GIS modeling, however, such 

studies can now be undertaken.

Background

Using Lithic Artifacts to Define Past Cultures

Archaeology is the study of the physical remains of past cultures.  One of the most 

frequently recovered and diagnostically used material artifact types is lithics.  Archaeologists 

generally prefer this type as a diagnostic tool because of the durability of the lithics over the 

materials of other associated artifacts, and the possible inaccuracies of some material types 

(such as faunal collections) (Odell 1981, 1988).  As many different materials and reduction 

strategies (Crabtree 1972) were used to create lithic artifacts, these artifacts can represent 

technological innovations or social markers (Sinopoli 1991, Wiessner 1983).  These diagnostic 

artifact types are often indicative of a culture, even over long periods of time, as it takes social 

or technological innovations to change (Geier 1973).

Some lithic artifacts require more work or specialized techniques to create.  Such 
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artifacts are called diagnostics, which are not just hard to make, but are easy to distinguish into 

more generalized typologies, which in turn are associated with occupation periods, as is often 

the case with projectile points (Geier 1973, Odell 1981, Schott 1986, Schott 1989, Parry 1987, 

Cahen 1979).  These typologies are then examined and compared to other archaeological sites 

over an area in order to attempt to determine a cultural area within an occupation period.

Though lithics are an important diagnostic component for identifying many pre-historic

cultures, they are by no means the only way, and alone yield only a general understanding of 

the past culture (Raab 1979).  Using this basic understanding, however, a relationship between 

past sites and the surrounding geological, hydrological, and floral data should be possible to be 

recognize.

Site Location Patterning

Patterning in archaeological site locations is an extension of the theory that human 

behavior is patterned (Krebs & Davies  1993), and thus locational behavior should be patterned 

(Brandt 1992).  This locational patterning is not merely for one aspect of the area of the culture, 

but could be for several variables within an area (Kvamme 1990).  In this respect, many 

ecological, geological, hydrological, and topological features must be reviewed.  Theories of 

interdependency between environment and artifact technologies and designs have been 

recognized in the past (Odell 1981).  These, then, would tend to reinforce an environmental 

basis for site locations.  Other studies based on environmental animal habitat locations can 

serve as launching platforms for archaeological uses of environmental site locational patterning 

(Pereira 1991, Clark 1993).

Arguments against behavioral patterning can be made on the basis that humans act 

irrationally at times.  Other studies, however, have shown that humans do act repetitively (Hill 
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& Hurtado  1996, Krebs & Davies  1993).  Other critics note that behavioral patterning theories 

attempt to account for too much in recreating past cultures through behavioral findings.  In 

order to counter this, it should be understood that behavioral patterning can only account for a 

small portion of a culture.  Findings based on this type of study should be used to augment other 

types of studies.

Archaeology and Geographical Information Systems

Archaeology is a field where Geographical Information Systems (GISs) have not been 

used to their full potential.  Most archaeologists rely upon statistical counts, and prefer to have 

"solid" numbers in their publications.  In the past, this was often done either through months or 

years of tabulations and repetitive computations, or through very simplistic formulae which 

may not have yielded the best results.  Use of these results is often due to time constraints, 

where recalculations or attempting different variables may not have been feasible.  With the 

introduction of easily available computers and statistical programs, these computations have 

been sped up greatly, allowing for even multivariate testing with ease.  However, when one 

adds to this the fact that some archaeologists lack a strong statistical or mathematical 

background, these results can be questionable as the wrong test may be chosen for the data. 

This forces archaeologists to better understand both their data and the criteria for statistical 

testing.

What is a GIS?

A GIS is a computerized tool which incorporates graphical data with tabular data, and 

allows for manipulation within the program.  It is heavily focused on visual output, and works 
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well for spatial problems, if not temporal ones.  While set-up for a GIS could seem to be a 

problem for some archaeologists in monetary terms, the cost of data entry would be comparable 

to existing computer cataloguing systems, or other databases.  Once the data are entered, they 

can yield the ability to quickly test and analyze different hypotheses (Hunt 1992).

GIS studies, however, often need large amounts of information in the form of maps, data 

points or areas, and data from the data points.  While some studies use a vector format, most 

archaeologically oriented GISs are set up on a raster format.  Vector formats define regular and 

irregular boundaries around variable types within the study area, utilizing points to outline an 

area (such as a lake, field, or urban area) or indicate points of inflection in a linear feature (such 

as a stream, road, or utility line).  A raster format means that the study area is divided into a 

matrix of cells, such that each cell is classified by the majority of data within the cell (Thus a 

cell consisting of 30% water and 70% land would be classified as land.  Cell size can vary from 

centimeters to hundreds of meters depending on the study area.).  This division of the study area 

is undertaken for every variable used in the study, as well as for baseline datasets, such as base

maps.  Each of these sets of data forms a layer, which could be examined separately, or scaled 

for importance in the overall study (Kvamme 1990, Pereira 1991).  This can lead to problems 

with hardware and software, such as limitations on the number of cells per layer within a 

program or inability to integrate entire datasets due to memory limits(Pereira 1991).  In some 

respects a GIS can be thought of a a computer map that can be queried to find the data 

contained at a certain point on each layer.  GISs, however, are much more powerful tools than 

this.

Data for GISs

Because such a large quantity of data are needed to construct each data layer for the 
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entire study area for each variable (sometimes as simple as presence/absence, other times 

consisting of ratings), a rapid way of inputting the data is necessary.  This can be done in 

several ways, such as purchasing previously entered data, collecting and entering it, or using 

remote sensing to collect and enter the data.    For some of the needs of archaeologists, data are 

available and easily purchased in digitized form.  Most often, however, this is not the case.

When data do need to be entered, the entry can be done in two basic ways. If it is visual data, it 

can either be digitized manually, or it can be digitally scanned into a usable form if it is already 

in map form.  If it is text-based, or not applicable for scanning or digitizing, it must be typed 

manually or formatted for the program being used.  Remote sensing devices can yield either 

digital data or photographs.  If correctly formatted, the digital data could be entered directly into 

the GIS.  If it is not, then some reformatting would be necessary.   Photographs can usually be 

scaled and scanned in for use.

In some cases, remote sensing of an area has revealed innovative and previously unused 

data, useful for archaeology, and in easily accessible digital form.  These data were most often 

unexpected, and unrecognized by initial viewers.  The data primarily found has to do with pre-

historic  natural and man-made water drainages.  Studies have been undertaken on locating sites 

by examining the drainage basins of former rivers in the Gobi and Sahara deserts (Holcomb 

1992) and by examining the remains of irrigation canals in the Yucatan Peninsula (Pope 1989).

Methods used in remote sensing have also been directly useful for archaeologists.  This 

source involves both great untapped data, and many pitfalls.  Such a pitfall is in using 

information from remote sensing satellites, as it must be processed in order to correct for the 

rotation of the earth.  In a similar fashion, historical maps must also be corrected due to either 

inaccuracy of the equipment used or the surveyor at that time, or due to stretching or shrinking 

of the recording media.  This distortion is often non- linear, varying more in one area of a map 

than others.  Programs used in correcting satellite data have been applied to historical maps 

yielding corrected data for historical analysis. One such example attempted to locate historic 
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house sites in Maryland by using historic maps and standing historic structures (Davidson 

1986).  Included in this category are field maps from past archaeological excavations, which 

can also have inaccuracies as they are seldom drawn by professional surveyors.

Data from the above sources have previously been unavailable to those using traditional

archaeological survey methods.  It has only been through the advanced technology needed for 

large-scale research projects that these have been found.

GIS applications in Archaeology

One of the primary problems of archaeology is locating new archaeological sites. This 

problem is frequently addressed in current GIS literature.  Studies in site location can range 

from geographically based variables (Kvamme 1990, Brandt 1992), to environmentally based 

variables (Hunt 1992), to studies based on the migration of large game upon which pre-historic

peoples depended (Krist 1994).  Some studies have even been designed to examine settlement 

patterns of historic populations, efforts which begin to touch on the social aspects of 

archaeology (Mires 1993).  Most of these studies compiled many variables, such as soil types; 

slope; distance to water sources; elevation; and land cover into a complex equation, the result of 

which was graphically represented.  Some of these were field tested after the analysis in order 

to validate the results (Brandt 1992, Davidson 1986).

These tests come from locational-models which have been built into complex equations 

over time, but have often been limited to one or two input variables (Kvamme 1990).  Since 

archaeological GIS models have been built using as many as six variables (Brandt 1992), it 

becomes easy for the researcher to see why GIS models can be such a powerful tool. 

Another aspect of GISs that can be especially useful for archaeologists is in its use in 

predicting migratory travel paths (Krist 1994) and habitat areas (Clark 1993, Pereira 1991).
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Such studies can be the bases for further predictive modeling, either by locating a natural 

resource for pre-historic populations, or by locating optimal points for seasonal locations.  They 

can also predict the movements of humans, through locating the path of least resistance through 

a landscape.  This again is not limited to pre-historic populations, but can be applied to historic 

populations, especially during periods of colonial settlement (Mires 1993).

Previous Methods of Study

Of the GIS methods used in contemporary studies, most utilize a raster format and the 

technique of overlaying the data in order to come up with a composite landscape (Brandt 1992, 

Kvamme 1990, Clark 1993, Mires 1993, Pereira 1991).  This method includes a weighting of 

the variables, making some variables more important (based on sound criteria) than others in 

the final analysis.  The decision to weight variables must be undertaken very carefully, as the 

final analysis can be greatly affected by changes in weighting (Brandt 1992)  The typical 

studies start by comparing the composite landscape to known occurrences of either sites or 

occupations, and a "goodness-to-fit" test would then be used to identify those variables most 

important to known location choices.  These findings would then be used to optimize the 

selection of areas suiting the previous choices.

Other studies utilized a method of compiling the terrain data into a cost-per-movement

across a cell (Krist 1994).  Once this had been done, a friction surface approach was taken, and 

the cumulative cost of travel was computed.  From this, the paths of least resistance could be 

identified, and thus, yield the most likely routes of migration through the study area.  These 

paths could then be overlaid with a viewshed analysis (a function which calculates which areas 

would be visible from another area) based near known archaeological sites, allowing the study 

to identify the most likely areas for site location.
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One notable study’s methodology used a vector approach, instead of the raster approach, 

to make use of the vector format's irregular polygons.  This allowed for a more realistic area for 

a site-catchment than the previously used circles or hexagons (Hunt 1992).  With a vector 

format, irregular areas could be constructed which would have optimized energy expenditure 

and return from a group of people living at a specific site, rather than using an arbitrary 

geometric boundary.  This approach also saved valuable computer storage space.
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Figure 1: Soils Map of Erie County

Figure 2: Relationship between Soils type and Archaeological Sites types.
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Research Question

The research question of this thesis is to test the hypothesis that archaeological 

predictive locational modeling based on environmental factors and known archaeological sites 

could yield data needed to identify those sites with no diagnostic lithic artifacts, thus giving 

sites of previously unknown context some cultural context.  This question is based on the idea 

that pre-historic populations sought out optimal site locations dependent on their cultural value 

or behavioral systems.  These systems would have allowed for a member of the culture to 

internally weigh one location against another, taking many variables into account. 

Importance of Research

At the fore of this research is the assigning of sites lacking diagnostic artifacts to 

specific occupation periods.  This would then yield more data which could be used for problems 

dealing with regional analysis and settlement patterns.  In cases of high mobility populations, it 

could be useful in designating the boundaries of seasonal occupation cycles.

At another level, this research would represent the creation of a prototype GIS for future 

archaeological research.  With a well designed structure, new layers could be added, allowing 

the base data to be easily used for new research questions.  Studies of material sourcing, 

cultural movement shifts over time, floral and faunal usage, and social interaction are some of 

the questions in archaeology. GISs will, very likely, be able to address such questions, and 

those more complex, when they are ready to be asked.

Another use of this GIS would become available when the data could be compiled with 

existing parcel and road data for use in future surveys.  With the predictive model used for this 

research, future archaeological surveys could easily locate known site locations and examine 
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the archaeological sensitivity of the area.  All this could be done in minutes rather than the 

hours it currently takes, freeing workers from the repetitive and mechanical tasks and allowing 

them more time for an in-depth cognitive analysis which computers cannot undertake.  It could 

also produce more exacting results with a greater accuracy on a consistent basis.

Methodology

For this study, a GIS was designed based on environmental variables.  Due to the scale 

of the study area, a vector format was used in the interests of conserving storage space.  Known 

archaeological sites within the study area were then point-plotted, and, where known, assigned 

occupancy periods.  Environmental and geological data were then entered.

The archaeological site data were then statistically compared to each environmental and 

geological data layer individually, on the basis of both archaeological sites as a whole and 

archaeological sites by occupancy period.  This type of univariate regression test worked as a 

"goodness-to-fit" test.  From this, the aspects of each variable level that were most often found 

in contact with archaeological sites were  identified.  From those results, a weighting system 

was developed, such that the "better" an aspect of a variable is, the higher the numerical 

weighting.  The weightings were then overlaid with the other layers and summed in order to 

gain the predictive model.  The model then gave the highest values to the "best" fitting areas.

This operation was then repeated for each occupation period.
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Section 1:  The Initial Predictive Model

Study Area and Data

Erie county is located on the western side of New York State on the shores of Lake Erie.

It is bounded on the north by Tonawanda Creek, on the east by the counties of Genessee and 

Wyoming, on the west by Lake Erie and the Niagara River,  and to the south by Cattaraugus 

Creek.  It encompasses lowlands, escarpments, and the foothills of the Allegheny Mountains, as 

well as including the Niagara River- locked  Grand Island.  The soils are predominantly silty-

clayey, and all watersheds flow into the Saint Lawrence river.

The study group of Archaeological sites is comprised of sites recorded at the 

Archaeological Survey of the State University of New York at Buffalo, which have been 

classified as indicated in table 1, occupation periods as classified in table 2.  (See table 3 for 

corresponding chronology to table 2.)  Within the study area 589 sites have been identified and 

entered into the models.  A summary of these  is found in Appendix C. (Actual site coordinates 

withheld as part of the agreement with the Archaeological Survey of the State University of 

New York at Buffalo)

Methods

In this study, five environmental and geographical variables were examined which 

represented soils data, slope, aspect, elevation, and hydrology.  The study area is composed of 

the known archaeological sites recorded in the site files of the Archaeological Survey at the 

State University of New York at Buffalo.  Of 589 entries from archaeological site file data, 71 

diagnostic village sites were found, along with 158 diagnostic camp sites.  Suitability of sites 

for the study was determined by the presence of some diagnostic lithic or ceramic object(s).

Determination of camp or village site was dependent on information from the site files, and in 
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Variable Scale Adequate? Tested Used Reason Not 
used?

Soils 1:24,000 Y Y Y

Hydrology 1:24,000 Y Y Y

Elevation 1:250,000 N Y N Resolution too 
poor

Aspect 1:250,000 N Y N Resolution too 
poor

Slope 1:250,000 N Y N Resolution too 
poor

Table 4:  List of variables used in study, scale, rating of adequacy, whether tested or not, and whether used 
or not.

Table 1: Site Type
1 - Camp
2 - Village
3 - Multiple
4 - Other
5 - Cemetery

Table 2: Occupation
1 - PaleoIndian Period
2 - Upper PaleoIndian
3 - Archaic (Unspecified)
4 - Early Archaic
5 - Middle Archaic
6 - Late Archaic
7 - Woodland (Unspecified)
8 - Early Woodland
9 - Middle Woodland
10 - Late Woodland
11 - Historic
12 - Multiple
13 - Unknown

1 AD

700 AD

1580 AD

2000 AD

800 BC

2500 BC

6000 BC

8000 BC

10,500 BC

1800 AD Proto - Historic

Late Woodland

Middle Woodland

Early Woodland

Late Archaic

Middle Archaic

Early Archaic

Paleo - Indian

Woodlands

Archaic

Historic

Table 3: Chronology of Study Area
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cases where information was incomplete or vague, the presence of ceramics was used to 

classify a site as a village due to the fragility of pottery vessels and their relative abundance at 

village sites over camp sites as a whole.  Cases where sites had multiple occupations and site-

types were dropped from the study, as the quality of these data varied from very good to

incomplete.  Site-type was determined from the site file information.  Due to the large number 

of Early, Middle, and Late Woodlands sites, these categories were suitable to be examined 

separately. The phases within Archaic, however, did not have sufficient information to 

undertake this, and Archaic (unspecified) was used.  Unfortunately, there were insufficient sites 

to study Paleo-Indian sites.

70% of these diagnostic sites were used for building the model, the remainder being 

reserved for validation. Thus 50 village sites and 111 camp sites were used, and selection of 

these sites was determined by a random number generator.

The data on these sites were recovered by determining site locations on USGS 7.5 

minute quad maps, and by consulting the site files to determine both occupation period and site 

type.  In cases where the site files were unclear about the distinction between village and camp 

sites, the occurrence of pottery was used as an indicator of a village. (See Tables 1 & 2 for 

classification details.)

Where the site file maps indicated site limits that were ambiguous or very large, a point 

in the center was used.  It was assumed that with the buffering1 of sites for soils the radius used 

would render this factor mute as the boundaries of the buffered area would include the site 

limits.

Sites were buffered, and data for analysis were constructed from within the buffered 

areas.  Buffers were different for soils due to theories of catchment area versus actual site 

1 - Buffering is a process which creates a boundary of a set radius from a point or object.  This process 
can be extremely useful for identifying objects within a specified distance of another, or 
calculating how much of an object falls within a specified distance of another.
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placement.  Buffers for soils data were set to 1500m radius for village sites and 250m radius for 

camp sites.  For the other variables (slope, aspect, and elevation) smaller distances were chosen, 

villages being buffered at 100m and camps being buffered at 50m.  These buffers were chosen 

due to scale factors of the original site locational data.

Site data were taken from USGS 7.5 minute quad maps (1:24,000) at the Archaeological 

Survey of the State University of New York at Buffalo.  Data for soils were acquired from a 

General Soils Map of Erie County, New York, created by the U.S. Department of Agriculture 

Soil Conservation Service, Erie County Soil  & Water Conservation District, in an ARC/INFO 

data format at a scale of 1:62,500.  The hydrology data were drawn from the 1996 TIGER Data 

Files, compiled by the U.S. Census Department at a scale of 1:62,500.  Topographic data were 

acquired from the ARC WORLD dataset at a scale of 1:1,000,000.  Using the ARC/TIN module 

within ARC/INFO, the slope, aspect, and elevation could be computed from the topographic 

data layer.  ARC/INFO, manufactured by the Environmental Systems Resources Institute 

(ESRI) was the GIS software used for this study.

Due to the scale of the topographic data coverage (elevation lines at 500 foot intervals), 

slope, aspect and elevation posed several problems.  In a chi-square analysis of these variables, 

it was found that due to the scale and resolution of the topology data file of Erie county, the 

prediction for 0-5 slope was significant, but this was shown through a Moran’s I test to be 

attributable to spatial autocorrelation (Chou  1992), as this slope was found over approximately 

96% of the county, and all computed slopes fell at or below 6 percent slope.  Likewise, north 

and north-west facing aspects, were significant in a chi-square test, but covered an area of 

approximately 92% of the study area.  The chi-square test for elevation showed no significance 

from the null hypothesis.  These variables were thus dropped from the analysis.  (See Table 3 

for variable data)

This then left soils and hydrology data for analysis.
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Hydrology

For hydrology, streams and lakes were buffered at 100m, 500m, and 1000m intervals, 

and intersected with site data.  This gave data in a point format which was easily tabulated as to 

which (if any) hydrology buffer encompassed the sites.  Using a system derived from 

comparing village to camp occurrences, a weighting system was selected for the hydrology 

rating.  Due to the understanding that village sites would take more energy to prepare and 

maintain than camp sites, it was also assumed that more energy would be put into selection of 

the location for the site.  Thus a rating system was set for hydrology (hyd) of 

hyd = [v + (0.3  c)] *10

where v equals the number of villages within the buffered area (not including those located 

within smaller buffers), and c equals the number of camps within the buffered area (not 

including those located within smaller buffers).  The rating was then multiplied by 10 in order 

to make it significant to the soils rating.  This rating was determined through a series of least-

squares tests in creating a “best fit” measure of weight for the hyd variable.

This rating system is developed using a "site-density/proximity to resource" 

relationship, where there is a direct correlation between areas of higher densities of sites and 

higher ratings.  It should also be noted that the presence of those settlements with longer 

occupation periods (villages) contribute to a higher rating than those of shorter occupation 

periods (camps).

Soils

Soils results were found by intersecting the soils data with the buffers of archaeological 

sites.  The radii of the buffers for sites make it such that there is no need for dividing villages 

and camps for this rating.  A soils rating formula (soil) was developed as follows,
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soil = [(area)  0.001]

where area is the amount of area for a given soil type within the buffer of a site.  This rating 

was undertaken for each soil type.  This then takes into account the weighting of village sites 

versus camp sites.  This rating system is developed using a "proximity to resource" relationship, 

where there is a direct correlation between areas of higher amounts of a soils type and higher 

ratings.  It should also be noted that the presence of those settlements with longer occupation

periods (villages with larger buffer areas) contribute to a higher rating than those of shorter 

occupation periods (camps with smaller buffer areas).  This rating was determined through a 

series of least-squares tests in creating a “best fit” measure of weight for the soil variable.

Prediction of Sensitivity

The ratings for soils and hydrology were then summed using direct addition, yielding a 

combination rating.  This combination rating varied between 0 and 2070, with 0 being the 

lowest probability, and 2070 being the highest rating possible.  This numerical system was then 

divided into five classes of predicted sensitivity by a ramping of sites, such that each category 

contained 20% of the sites.  The classes were (from lowest to highest):  Very Low/None (0-97),

Low (98-347), Medium (348-654), High (655-1103), and Very High (1104-2070). (Figure 3)

Section 1: Analysis

Once these two data layers had been intersected, and the combination rating calculated, 

the unused known sites were examined in relation to the combination layer.  Of the sites, 

58.33% of villages and 68.00% of camps were in the High and Very High categories, 25.00% 

of villages and 12.00% of camps were in the Medium category, 16.67% of villages and 4.00% 

of camps were in the Low category, and 0.00% of villages and 16.00% of camps were in the 
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Very Low/None category.

This indicates that for locating village sites, the model is significantly better than a 

random sampling, and the analysis of camp sites returns an even higher confidence level.  (See 

Table 5.)

It is interesting to note the lack of sensitive areas in the southern portion of the study 

area.  As a follow up, road, rail, and utility networks were overlaid on the combination layer.  In 

overlaying these networks, a correlation between sensitivity and networks was visually 

determined.  (These not displayed, but left to the reader.) This brings up a question as to the 

validity of the study due to a possible correlation between heavier sampling in more urbanized 

areas and a higher density of sites.

Soils Analysis

Another important aspect of the outcomes of this model is an analysis of the types of 

soil found to be most significant.  The highest (1841 of 1841) ranking soil for sensitivity in this 

model was Urban Land - Niagara, Nearly Level which is described as 'nonsoil areas, and deep, 

somewhat poorly drained, silty soils, on lowland plains', 70% of this soil type is Urban, with the 

rest being the Niagara, Nearly Level type, and as a whole it covers only 1.2% of the county.

The second highest (1589 of 1841) was Niagara, Nearly Level which is described as 'deep, 

somewhat poorly drained, silty soils, on lowland plains', which comprises 5.1% of the county.

The third ranking soil (1238 of 1841) was Urban Land - Lima, Gently Sloping which is 

described as 'nonsoil areas, and deep, moderately well drained, loamy soils on plains', and the 

Lima, Gently Sloping comprises about 25% of the 1.2% of the county it covers.  The fourth 

ranked soil (1187 of 1841) was Urban Land which is described as 'nonsoil areas consisting of 

commercial and industrial developments', which covers 2.3% of the county.  The fifth highest 

ranked soil was Teel - Middlebury, Nearly Level, described as 'deep, moderately well drained to 
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somewhat poorly drained, silty soils, on floodplains in valleys and lowlands', and these cover 

about 1.8% of the county.  The next highest after these soils has a rating of 795 of 1841.

Of the soils, the greatest slope was 8% was found in the Urban Land - Lima, Gently 

Sloping, which also had the highest predominant slope of  3 - 6%.  The other areas had a 

maximum slope of 3%.  While this holds with the significance found in the slope rating of 0-

5%, the problem of scale and the probability of autocorrelation still make the statistics not 

Village & Camp Analysis Chi-Square Test 

Frequencies

Test Statistics 

VRATE

Observed N Expected N Residual Category Observed N Expected N Residual Category

1 0 4.2 -4.2 7 9.4 -2.4 .00

2 2 4.2 -2.2 1.00 2 9.4 -7.4 1.00

3 4 4.2 -.2 2.00 6 9.4 -3.4 2.00

4 6 4.2 1.8 3.00 13 9.4 3.6 3.00

5 9 4.2 4.8 4.00 19 9.4 9.6 4.00

Total 21 47

CRATE

VRATE CRATE

Chi-Square(a,b) 11.619 18.851

df 4 4

Asymp. Sig. .020 .001

a 5 cells (100.0%) have expected frequencies less than 5. The minimum expected cell frequency is 4.2.

b 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell frequency is 9.4.

Table 5:  Village and Camp Analysis.  VRATE (village) and CRATE (camp) Categories:  4 = Very High (100-
90.01% match), 3 = High (90-75.01% match), 2 = Moderate (75-50.01% match), 1 = Low (50-25.01%
match), 0 = Very Low/None (25-0%)
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Figure 3: Prediction of Sensitivity from the Original Model
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significant.

In the uses of these soils, it is important to note that these lands are predominantly 

urban, but the others have been used primarily for farming or have a primary use of farming.

That would give these soils a high degree of visibility as they would have been either been 

disturbed by digging or tilling.  This could influence the amount of known sites in that there 

would have been a better chance of bringing an artifact to the surface under these conditions.  It 

could thus be argued that these soils may not have been more significant archaeologically, but 

rather had a higher proportion of sites found due to the visibility.  An aspect of this has already 

been mentioned in the fact that there is a correlation between the predicted site sensitivity and 

transportation and utility corridors. 

Section 2: Application of the Predictive Model

After the preliminary model had been built, secondary models were created to focus on 

known time phases.  A single model was created for the Archaic phase as a whole due to the 

small data set given, while Early, Middle, and Late Woodland phases each merited its own 

model.  These models were built as follows:

All village and camp sites of a known time phase were selected from the existing data 

file and examined on a basis of soils type.  Thus, soils data were broken down into areas within 

the buffer for each site (1000m for villages and 100m for camps).  These then were summed by 

soil type, giving a subtotal for each soil type and a grand total equaling the total area within the 

buffers.  From this, the subtotals were divided by the grand total to give a percentage of each 

type of soil within the total buffered area.  This percentage was then used to give
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soilsar,ew,mw,lw = x * 13797.75

where x = the percentage each soil represented within the total buffered area for each site. (AR

= Archaic, EW= Early Woodlands, MW = Middle Woodlands, LW = Late Woodlands)  This 

coefficient was chosen in order to put the soils rating on the same scale as the original model.

Hydrology was created using

hydar,ew,mw,lw = ((v100ar,ew,mw,lw+v500ar,ew,mw,lw+v1000ar,ew,mw,lw) *((c100ar,ew,mw,lw+c500ar,ew,mw,lw+c1000ar,ew,mw,lw) * 

0.3))

where var,ew,mw,lw = the percentage of total village sites of the appropriate phase which fall within 

the hydrology buffers of 100m, 500m, and 1000m.   car,ew,mw,lw = the percentage of total camp sites 

of the appropriate phase which fall within the hydrology buffers of 100m, 500m, and 1000m.

Each of these variables are summed within their own class so that there is a weighted measure 

for sites closer to water sources which would fall within all three buffers.  The formula is also 

weighted such that village sites are three times more important than camp sites, again due to the 

duration of site occupation.

AR = hydar + soilsar

EW = hydew + soilsew

MW = hyd mw + soilsmw

LW = hydlw + soilslw

The hydrology rating was summed with the soils rating for each time period to give each 

individual occupation phase a sensitivity. (Figures 3-7)  After this was done, each layer was 

overlaid with sites for which occupation period could not be determined by diagnostic artifacts.

In determining levels of sensitivity for each occupation phase, a maximum rating was 

determined by calculating the maximum possible rating for soils and maximum possible rating 

for hydrology and summing them.  With this maximum number, the ratings were determined as 

follows:
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Ratemax > Very High (4) > (Ratemax * .9)

(Ratemax * .9) - 1 > High (3) > (Ratemax * .75)

(Ratemax * .75) - 1 > Medium (2) > (Ratemax * .5)

(Ratemax * .5) - 1 > Low (1) > (Ratemax * .25)

(Ratemax * .25) - 1 > Very Low (0) > 0

It should be noted that this makes the Very High (4) rating much more important, as it 

comprises the top 10% of the possibilities.

Section 2: Analysis

Overall

In looking at each of the models, it should be noted that the most significant factor in 

determining locational sensitivity is soils.  For that reason, after summarizing the results for 

sites, there is a notation of the different soils that proved to be significant for each model.  A 

table with the percentages of each soil type for each model can be found in Appendix A.

Archaic Model

Of the 308 pre-historic sites with no diagnostic artifacts, 10 (3.25%) fell within the 95 -

100% similarity to optimal rating for the Archaic Model.  After this, the next best matches were 

the 89 (28.90%)sites that fell within the 30-40% range.  A summary of the frequencies can be 

found in Appendix B.  A chi- square-test indicated that this discrepancy within the two clusters 

of sites was significant at the p < .0005 level.  This result strongly increases confidence in this 

model.

For the soils, there were only eight types that had a non-zero rating.  The most 
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significant (34.8% of the soil within the buffers of Archaic sites) was Blasdell - Farnham, 

Gently Sloping, described as 'deep, well drained and moderately well drained, shaly soils, on 

terraces and ridges', with a dominant slope between 3 - 8%.  Five soils had the same rating 

(11.1% of the soil within the buffers of Archaic sites) and were: Churchville - Remson, Nearly 

Level, described as 'deep, somewhat poorly drained, clayey soils, on lowland plains and fringe 

areas to the uplands', with a dominant slope between 0 - 3%; Galen - Enora, Gently Sloping,

described as 'deep, moderately well drained, sandy soils, on lowland plains and in valleys', with 

a dominant slope between 3 - 8%; Minoa - Cosad, Nearly Level, described as 'deep, somewhat 

poorly drained, sandy soils, on lowland plains', with a slope that is often less than 2%; Alton -

Palmyra - Phelps, Gently Sloping, described as 'deep, somewhat excessively drained to 

moderately well drained, gravelly soils, on ridges, terraces, and plains', with a dominant slope 

of 3 - 8%; Teel - Middlebury, Nearly Level, described as 'deep, moderately well drained to 

somewhat poorly drained, silty soils, on floodplains in valleys and lowlands', with a slope that 

is mostly less than 2%.  At the third level of ratings (7.3% of the soil within the buffers of 

Archaic sites) is the Red Hook, Nearly Level, described as 'deep, somewhat poorly drained, 

loamy soils, on lowland plains and in valleys', with a slope that is mostly below 2%.  The last 

rating (2.3% of the soil within the buffers of Archaic sites) is Wayland, Level, described as 

'deep, poorly drained and very poorly drained, silty soils, on floodplains in valleys and 

lowlands', with a slope dominantly less than 2%.  These soils are predominantly floodplain and 

lowland types, with a small area of marshy flood-prone types.

Sites in the 90.01-100% match range:  UB 210, UB 261, UB 534, UB 705, UB 791, UB 

801, UB 802, UB 808 UB 1488, UB 1605.

Early Woodlands

Results for the  Early Woodland phase were not as decisive as those for the Archaic 

phase, but were still significant.  Three sites (0.97%) of the 308 pre-historic sites with no 
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Figure 4:  Prediction for likelihood of Archaic Sites from the applied model.
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diagnostic artifacts fell within the 95 - 100% similarity to optimal rating for this Model, 21 

(6.82%) fell within 90 - 95%, nine (2.92%) fell within the 85 - 90% range, and 7 (2.92%) fell 

within the 80 - 85% range.  After these, there are no matching sites until the 50 - 55% range.  It 

is rather interesting to note, however, that the three sites in the 95 - 100% range all fall within 

the 65 - 75% range of matching for the Middle Woodlands Model.  This arrangement of sites is 

significant to p < .0005 in a chi- square-test for independence, indicating that this falls well 

outside the range of a normal distribution.  A summary of the frequencies can be found in 

Appendix B.

For the soils, there were 14 types that had a non-zero rating.  The most extensive soil 

within the study area (18.61% of soils in the site buffers)  for the Early Woodlands Model was 

Urban Land-Lima, Gently Sloping, described as ‘nonsoil areas, and deep, moderately well-

drained, loamy soils on plains,’ with a dominate slope of 3 - 6 percent.  The next most 

significant soil (17.09% of soils in the site buffers) was Odessa, Nearly Level, described as 

‘deep, somewhat poorly drained, clayey soils, on lowland plains,’ with a slope range of less 

than 3 percent.  The third soil (15.58% of soils in the site buffers) was Darien, Nearly Level,

which is described as ‘deep, somewhat poorly drained, loamy soils, on lowland plains and 

upland fringe areas,’ with a slope range of up to 15 percent, but a dominant range less than 3 

percent.  The fourth soil (9.76% of soils in the site buffers) was Schoharie, Nearly Level, which 

is described as ‘deep, moderately well drained and well drained, clayey soils, on lowland 

plains,’ with a slope range between 0 - 15 percent, but with a dominant range between 0 - 8 

percent.  The next soil (8.02% of soils in the site buffers) was Urban Land, described as 

‘nonsoil areas consisting of commercial and industrial developments,’ the slope is mostly less 

than 3 percent, but can range up to 8 percent.  The next soil (7.82% of soils in the site buffers) 

was Orpark, Gently Sloping, which has a description of ‘moderately deep, somewhat poorly 

drained, silty soils, on uplands,’ with a slope that ranges up to 15 percent, but is dominantly 

between 3 - 8 percent.  The next soil (5.62% of soils in the site buffers) was Urban Land-
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Figure 5:  Prediction for likelihood of Early Woodlands Sites from the applied model.
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Wassaic, Nearly Level, whose description is ‘nonsoil areas, and deep, well drained and 

moderately well drained, clayey soils, on lowland plains,’   The other six soils fell below 5% of 

the soils in the site buffers.  These sites are predominantly poorly drained clays which were 

originally forested.

Sites in the 90.01-100% match range:  UB 185, UB 296, UB 445, UB 712, UB 854, UB 

1236, UB 1527, UB 2200, UB 2482, UB 2482, UB 2523, UB 2524, UB 2550, UB 2551, UB 

2552, UB 2556, UB 2557, UB 2558, UB 2559, UB 2560, UB 2565, UB 2583, UB 2706, UB 

2728, UB 2796.

Middle Woodlands

Results for the  Middle Woodland phase were not as decisive as those for the Archaic 

phase, but were more  so than those of Early Woodlands.  Thirteen sites (4.22%) of the 308 pre-

historic sites with no diagnostic artifacts fell within the 95 - 100% similarity to optimal rating 

for this Model.  Here it is interesting to note that all thirteen of those sites fell within the 40 -

50% match for the Late Woodlands Model.  The next best match were two sites (0.65%) that 

fell within the 75-80% range.  There was one site (0.33%) within the 70 - 75% range for the 

Middle Woodlands Model, which also ranked as a 95 - 100% match in the Early Woodlands 

Model. Two other sites (0.65%) in the 65 - 70% range for the Middle Woodlands Model that 

also fell in the 95 -100% range in the Early Woodlands Model.  After these, there were no sites 

in the following ranges until the 30 - 40% range.  This model produced a significance of p 

< .0005 in a chi- square-test for independence, indicating that this falls well outside a normal 

distribution.   A summary of the frequencies can be found in Appendix B.

For the soils, there were 16 types that had a non-zero rating.  The most extensive soil 

within the study area (26.72% of soils in the site buffers)  for the Middle Woodlands Model was 

Urban Land, described as ‘nonsoil areas consisting of commercial and industrial 
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Figure 6:  Prediction for likelihood of Middle Woodlands Sites from the applied model.
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developments,’ the slope is mostly less than 3 percent, but can range up to 8 percent.  The next 

highest rated soil (20.51% of soils in the site buffers) was Urban Land-Churchville, Nearly 

Level, which is described as ‘nonsoil areas, and deep, somewhat poorly drained, clayey soils, on 

low land plains,’ with a range of slope up to 8 percent, but dominantly less than 3 percent.  The 

next soil (18.90% of soils in the site buffers) was Urban Land-Lima, Gently Sloping, described 

as ‘nonsoil areas, and deep, moderately well-drained, loamy soils on plains,’ with a dominate 

slope of 3 - 6 percent.  The next soil (9.39% of the soils within the site buffers) was Alton-

Palmyra-Phelps, Gently Sloping, which is described as ‘deep, somewhat excessively drained to 

moderately well drained, gravelly soils, on ridges, terraces, and plains,’ with a dominant slope 

that ranges between 3 and 8 percent.  The next highest rated soil (7.41% of the soils within the 

site buffers) was Minoa-Cosad, Nearly Level, which is described as ‘deep, somewhat poorly 

drained, sandy soils, on lowland plains,’ with a slope that ranges up to 3 percent, but is often 

less than 2 percent.  The remaining 11 soils types each fall below 5% representation of soils 

within the site buffers.  Most of the soils in this model are poorly drained, and subject to 

standing water during the spring.  Another interesting feature of these soils is that many seem to 

have bedrock in close proximity to the surface.

Sites in the 90.01-100% match range: UB 172, UB 186, UB 187, UB 204, UB 235, UB 

236, UB 247, UB 280, UB 453, UB 491, UB 2192, UB 2490, UB 2697.

Late Woodlands

Results for the Late Woodland phase were very similar to the Middle Woodlands 

Model.  Nine sites (2.92%) of the 308 pre-historic sites with no diagnostic artifacts fell within 

the 95 - 100% similarity to optimal rating for this model. There are no matching sites until the

70 - 75% similarity range, which contains 23 (7.47%) sites.  After these, there are no matching 

sites until the 40 - 50% range, which contains 13 (4.22%) sites, which all fell into the 95 - 100% 

match range for the Middle Woodlands Model.  This model’s results produced a significance of 
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p < .0005 for a chi- square-test for independence.  It should be noted that due to the wide 

distribution on this test, Fisher's Exact test was used to compute the significance within the test.

This statistical test is used when a chi-square test would be invalidated due to too few 

occurrences in more than 25% of the cells in the matrix.  The result of the test indicates that the 

distribution falls well outside of a normal distribution.  A summary of the frequencies can be 

found in Appendix B.

For the soils, there were 29 types that had a non-zero rating.  The most extensive soil 

within the study area (19.58% of soils in the site buffers) for the Late Woodlands Model was 

Urban Land-Niagara, Nearly Level, which is described as ‘nonsoil areas, and deep, somewhat 

poorly drained, silty soils, on lowland plains’, with a slope that is predominantly between 0 and 

3 percent.  The next highest rated soil (14.26% of the soils in the site buffers) was  Niagara, 

Nearly Level, described as ‘deep, somewhat poorly drained, sandy soils, on lowland plains,’ 

which has a slope that ranges between 0 and 3 percent, but is often less than 2 percent.  The 

next highest rated soil (11.05% of the soils in the site buffers) was Teel - Middlebury, Nearly 

Level, described as 'deep, moderately well drained to somewhat poorly drained, silty soils, on 

floodplains in valleys and lowlands', with a slope that is mostly less than 2%.  This was 

followed by the next soil (9.2% of soils in the site buffers), Urban Land, is described as 

‘nonsoil areas consisting of commercial and industrial developments,’ with a slope that is 

mostly less than 3 percent, but can range up to 8 percent.   The remaining 25 soil types each 

made up less than 5% of the soils inside the soils buffers.  Most of these soils are subject to 

seasonal flooding due to the poor drainage of the soils, as well as being subject to sloughing 

because of the low soil strength.

Sites in the 90.01-100% match range: UB 173, UB 205, UB 248, UB 501, UB 1302, UB 

1469, UB 2249, UB 2493, UB 2521.
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Figure 7:  Prediction for likelihood of Late Woodlands Sites from the applied model.
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Conclusions

These models have yielded positive results for this study.  The initial model showed 

significance for predicting site locations, and the applied models seem to be good 

representations of a means of classifying sites that have, to this point, been practically useless to 

analysis.  This study has allowed for the possible classification of at least 56 previously 

unknown sites.  These sites’ artifacts can now be examined and perhaps nuances will bear out 

this study’s findings, allowing for the integration of these sites into the existing database of 

archaeological knowledge of the area.

While this applied model shows a marked relationship between the location of camp and 

village sites and both soils and hydrology data, it also shows the limitations of the data 

coverages.  Due to the scale of the slope and aspect data used for this study (1:1,000,000), over 

90% of Erie county has a 0-5 slope and a North facing aspect.  This produces an effect of 

autocorrelation, thus removing two possibly significant variables from the relationships dealing 

with optimal site location.  This again reinforces the idea that while much data may be available 

to archaeologists in a pre-programmed digital form, it may not be of much use for such studies.

As such, archaeologists who undertake these studies must be familiar with both the qualities of 

the data and the requirements of the study when choosing datasets.

Another problem with this model is that not all areas within the study area have been 

surveyed for archaeological data.  This leaves holes in the data which may cause phenomena 

such as the lack of sites in the southern part of the study area.  As the majority of archaeological 

studies are done only on land that is about to be developed, this probably explains the seeming 

correlation between road, rail, and utility networks and archaeological site sensitivity.  Thus, if 

an area were to be used for a very sensitive predictive site locational model, it would be best to 

use a study area which has been thoroughly surveyed.

While this study has problems, it does provide a starting point for future models.  At the 

least, this initial test does show the necessity for good data of a small scale for such ecological 
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tests.  It also illustrates how quickly univariate tests can be undertaken and combined by a GIS.
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APPENDIX A:
Summary of Percents of Soils in Site Buffers

Early Middle Late
Soil Archaic Woodlands Woodlands Woodlands

1 0.00% 0.02% 0.00% 0.02%
2 11.11% 0.00% 0.00% 4.72%
3 0.00% 15.58% 0.00% 0.44%
4 0.00% 0.00% 0.00% 0.00%
5 0.00% 0.00% 0.00% 0.42%
6 0.00% 0.00% 2.17% 0.99%
7 0.00% 0.00% 0.00% 0.00%
8 0.00% 0.00% 0.00% 0.00%
9 0.00% 0.00% 0.00% 0.00%
10 0.00% 0.00% 0.00% 0.00%
11 0.00% 0.00% 1.21% 0.82%
12 0.00% 0.00% 0.89% 0.00%
13 0.00% 0.00% 0.00% 0.00%
14 0.00% 0.00% 0.00% 0.67%
15 0.00% 0.00% 0.00% 0.00%
16 0.00% 0.00% 0.00% 0.00%
17 0.00% 7.82% 0.00% 0.34%
18 0.00% 0.00% 4.76% 0.95%
19 0.00% 3.69% 0.00% 0.37%
20 0.00% 3.07% 0.00% 3.16%
21 11.11% 0.00% 0.00% 0.00%
22 0.00% 0.00% 0.00% 0.00%
23 0.00% 0.00% 0.62% 1.84%
24 11.11% 0.00% 7.41% 4.81%
25 0.00% 0.00% 0.00% 14.26%
26 0.00% 17.09% 0.00% 4.44%
27 0.00% 0.00% 0.00% 1.40%
28 0.00% 9.76% 0.00% 1.02%
29 11.11% 3.90% 9.39% 2.45%
30 34.79% 0.00% 0.00% 4.20%
31 0.00% 0.00% 0.00% 0.00%
32 0.00% 0.00% 0.00% 2.05%
33 7.29% 0.00% 0.00% 0.70%
34 11.11% 0.00% 3.06% 11.05%
35 2.34% 0.06% 0.02% 1.73%
36 0.00% 0.00% 0.00% 1.26%
37 0.00% 0.00% 0.00% 0.00%
38 0.00% 8.02% 26.72% 9.20%
39 0.00% 0.00% 20.51% 0.24%
40 0.00% 0.00% 0.43% 0.00%
41 0.00% 18.61% 18.90% 4.47%
42 0.00% 0.00% 0.00% 19.58%
43 0.00% 1.56% 1.97% 0.00%
44 0.00% 0.20% 2.13% 0.00%
45 0.00% 5.62% 1.83% 2.41%

Models
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APPENDIX B:

Section 2: Phase Model Chi-Square Tests

Frequencies

AR% Observed N Expected N Residual

.0000 45 20.5 24.5

.2839 46 20.5 25.5

.5273 91 20.5 70.5

2.6567 18 20.5 -2.5

6.5504 4 20.5 -16.5

9.2071 3 20.5 -17.5

20.4015 2 20.5 -18.5

31.0890 12 20.5 -8.5

31.3729 22 20.5 1.5

31.6163 31 20.5 10.5

33.7457 24 20.5 3.5

97.3433 2 20.5 -18.5

97.6273 3 20.5 -17.5

97.8706 4 20.5 -16.5

100.0000 1 20.5 -19.5

Total 308

EW% Observed N Expected N Residual

.0000 61 11.0 50.0

.3008 4 11.0 -7.0

1.0526 2 11.0 -9.0

3.3083 74 11.0 63.0

3.4211 2 11.0 -9.0

3.4586 38 11.0 27.0

3.5714 1 11.0 -10.0

3.7594 3 11.0 -8.0

4.3609 1 11.0 -10.0

8.0827 7 11.0 -4.0

19.1353 3 11.0 -8.0

19.2481 1 11.0 -10.0

20.2256 20 11.0 9.0

22.4436 2 11.0 -9.0

23.5338 9 11.0 -2.0

29.1353 3 11.0 -8.0

40.5639 11 11.0 .0

41.6165 6 11.0 -5.0

44.9248 5 11.0 -6.0

45.0752 2 11.0 -9.0

50.6391 1 11.0 -10.0

53.9474 11 11.0 .0

80.8271 7 11.0 -4.0

88.6466 9 11.0 -2.0

91.9549 21 11.0 10.0

92.1053 1 11.0 -10.0

96.5414 2 11.0 -9.0

100.0000 1 11.0 -10.0

Total 308
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MW% Observed N Expected N Residual

.0000 32 9.3 22.7

.0797 4 9.3 -5.3

.5848 41 9.3 31.7

.8506 88 9.3 78.7

1.9936 17 9.3 7.7

2.0734 3 9.3 -6.3

3.2695 6 9.3 -3.3

3.8543 4 9.3 -5.3

4.1201 3 9.3 -6.3

6.6986 6 9.3 -3.3

7.2834 4 9.3 -5.3

7.8150 1 9.3 -8.3

8.3998 1 9.3 -8.3

8.6656 1 9.3 -8.3

12.0680 10 9.3 .7

13.2111 16 9.3 6.7

17.4641 1 9.3 -8.3

18.0489 1 9.3 -8.3

18.3147 1 9.3 -8.3

27.7512 7 9.3 -2.3

28.0170 7 9.3 -2.3

29.1600 7 9.3 -2.3

34.4498 10 9.3 .7

35.0346 10 9.3 .7

35.3004 9 9.3 -.3

69.3248 1 9.3 -8.3

69.9096 1 9.3 -8.3

71.3185 1 9.3 -8.3

76.0766 2 9.3 -7.3

98.0064 4 9.3 -5.3

98.5912 2 9.3 -7.3

98.8570 5 9.3 -4.3

100.0000 2 9.3 -7.3

Total 308

LW% Observed N Expected N Residual
.0000 15 4.9 10.1
.6159 19 4.9 14.1

1.7029 9 4.9 4.1
1.8478 1 4.9 -3.9
2.1014 19 4.9 14.1
2.2101 6 4.9 1.1
2.3188 2 4.9 -2.9
2.4638 2 4.9 -2.9
2.8261 7 4.9 2.1
2.9348 1 4.9 -3.9
3.2971 2 4.9 -2.9
3.5145 2 4.9 -2.9
3.9493 2 4.9 -2.9
4.7464 1 4.9 -3.9
4.9275 1 4.9 -3.9
4.9638 2 4.9 -2.9
5.3623 1 4.9 -3.9
5.4348 1 4.9 -3.9
5.5797 1 4.9 -3.9
5.7246 1 4.9 -3.9
6.8478 1 4.9 -3.9
7.0652 2 4.9 -2.9
7.2101 11 4.9 6.1
8.4058 6 4.9 1.1
8.6594 4 4.9 -.9
9.0942 2 4.9 -2.9
9.1304 6 4.9 1.1

10.8696 1 4.9 -3.9
11.4855 3 4.9 -1.9
12.0652 3 4.9 -1.9
12.2464 10 4.9 5.1
12.8623 10 4.9 5.1
14.3478 9 4.9 4.1
17.8986 1 4.9 -3.9
21.0145 2 4.9 -2.9
21.6304 3 4.9 -1.9
22.2101 3 4.9 -1.9
22.3188 1 4.9 -3.9
22.8261 6 4.9 1.1
22.9348 1 4.9 -3.9
23.1159 4 4.9 -.9
23.5870 1 4.9 -3.9
23.8406 1 4.9 -3.9
24.2029 3 4.9 -1.9
24.3116 21 4.9 16.1
24.6739 7 4.9 2.1
25.0362 1 4.9 -3.9
25.1449 1 4.9 -3.9
25.6884 4 4.9 -.9
26.1594 7 4.9 2.1
26.8841 7 4.9 2.1
45.9783 4 4.9 -.9
46.5942 2 4.9 -2.9
48.0797 5 4.9 .1
48.8043 2 4.9 -2.9
57.3551 10 4.9 5.1
58.0797 16 4.9 11.1
71.9203 8 4.9 3.1
73.4058 12 4.9 7.1
74.1304 3 4.9 -1.9
97.8986 3 4.9 -1.9
98.5145 1 4.9 -3.9

100.0000 5 4.9 .1
Total 308
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Test Statistics

AR1 EW1 MW1 LW1

Chi-Square 421.059 793.272 947.929 308.500

df 14 27 32 62

Asymp. Sig. .000 .000 .000 .000

a 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell frequency is 20.5.

b 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell frequency is 11.0.

c 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell frequency is 9.3.

d 63 cells (100.0%) have expected frequencies less than 5. The minimum expected cell frequency is 4.9.


