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QUANTITATIVE SPATIAL ANALYSIS:
COMPUTER APPLICATIONS OF NEAREST
NEIGHBOR AND RELATED APPROACHES TO THE
ANALYSIS OF OBJECTS DISTRIBUTED ACROSS
TWO-DIMENSIONAL SPACE

Geoffrey A. Clark Department of Anthropology
Richard W. Effland Arizona State University
Joel C. Johnstone Tempe, Arizona 85281

Analyrical techniques designed to deal with spatial distributions in
archaeological contexts have recently been brought to the attention of the
field (Whallon 1973, 1974). Developed originally by plant ecologists
(Clark and Evans 1954), these approaches constitute a methodological
advance over commonly used subjective criteria for the evaluation of the
existence andfor significance of spatial patterns. This paper analyvzes
spatial associations , artefact types at Liencres, an open-air site on the
north Spanish coast. A nearest neighbour analysis is a central feature of
this study. Graphic output from the ncarest neighbour program allows for
objective measurement of spatially overlapping clusters of objects by com
paring the distributions of those objects with random, maximally dispersed
and maximally aggregated theoretical distributions adjusted for density.
Jaccard’s coefficient, chi-squared and Pearson’s contingency coefficient are
used 1) to compare tool frequencies occurring in ‘shared space’ (Hanson
and Goodyear 1975), 2) to evaluate the (statistical) significance of point
scatters and 3) to measure the strength of relationship between spatially co
occurring pairs of tool types.

INTRODUCTION

This paper discusses several current approaches to intrasite spatial
analysis and applies them to artifactual data from Liencres, an early
Holocene open site in Cantabrian Spain. A nearest neighbor analysis is
performed to assess the degree of aggregation or dispersion of common
artifact types; Jaccard’s coefficient provides a measure of similarity in
spatial distribution for each pair of types; chi-squared evaluates the
statistical significance of tool frequencies occurring in shared space and
Pearson’s contingency coefficient is used to measure the strength of rela-
tionship. The “shared tool” method advocated by Hanson (1975) is
employed throughout.

The test site, Liencres, was discovered and excavated in 1969 (Clark
1974). Artifacts appearing on the deflated surface of a blowout were
determined to be associated with the A-horizon of the terra fusca soil
characteristic of Post-Pleistocene pedogenesis in the area (Butzer and
Bowman 1971). Although a slight degree of vertical displacement may
have occurred as a consequence of deflation, stratigraphic tests indicate a
single, shallow (ca. 5 cm. thick) cultural stratum coextensive with that
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exposed in the deflated area. The degree of post-depositional disturbanceis
thus argued to have been minimal.

A systematic surface collection was undertaken first in order to
determine the horizontal distribution of artifactual debris. Maximum sur-
face scatter at the site covered an area some 9 m. wide by 20 m. long
(ca. 180 m.2). The area was small enough for a sample approaching 100%
to be collected, thus the problem of sampling error did not enter into
the project in its initial phase. A grid of 663 squares 50 cm. on a side was
erected over the site. The positions of all artifacts were plotted on a master
plan, and their co-ordinates entered on coding forms for subsequent
analysis. More than 1,000 artifacts were collected; subsets taken from
these point-provenienced data constitute the data used in this analysis.

It was concluded from the paucity of features and from the relatively
thin scatter of lithic debris that occupation at the site was of short dura-
tion. That primary tool manufacturing activities were conducted was in-
ferred from the scarceness of retouched pieces and the prevalence of
debitage. No identifiable faunal remains were recovered, but the presence
of a grinding slab, tiny shell and bone fragments, and phosphate concentra-
tions suggest food processing and consumption, and some accumulation
of garbage (Butzer and Bowman 1971; Clark 1974).

Although almost 40 morphologically defined types were recovered
from the surface collection (de Sonneville Bordes and Perrot 1954, 1955,
1956; Clark 1971), data used in this study were restricted to the 15 tool
and debitage categories which were numerically common on the site.
In an effort to make inferences about past behavioral patterns, hypothe-
tical and intentionally broad functions were assigned to each type at the
outset, and some speculations were offered about materials worked, where
appropriate to do so (Table 1). Finally, types were broken down into
1) those items which could be considered resultant from primary manu-
facturing activities, related to the acquisition of raw materials and core
preparation, 2) secondary manufacture and its resultant byproducts, and
3) formalized tools, or systematically retouched pieces. The initial
assumption was that activities identifiable from their archaeological
residues might be spatially discrete or at least distinguishable from one
another. A second assumption was that the artifacts constitute mainly
“primary” and “de facto” refuse, in the jargon of Schiffer (1975); they are
debris categories 1) discarded at the location of manufacture and/or use,
and 2) items abandoned with the abandonment of the site (Schiffer
1975:104). Because of the transient nature of the occupation, it isargued
that discrete dumps or ‘“secondary’’ refuse discard areas would not have
had time to develop.
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TASLE |

DEBITAGE CATRGOR IRS AND ASTOUCHED PIBCES COMMOWLY FOUND AT LISNCARS - EDRFNOLOGICAL TYPRS, EYPOTEETXCAL

FURCTIONS ABD NATER (ALS WOAKED.

PROCESS NOR FROLOQ JCAL TYPRS

SPECULATIVE FURCTIONS

SATER (ALS wORKRD

FMIMAY MUUFACTUMLE  unmodified cebdles (Q)
+ BYPROIUCTS
oplit cobdle ssgmeats (Q)

muclet
primary decorticatios flakes

core remeval flakes (F)

rav msterisl; Bammering.crushiag

Core preparstica; heamerisg,
crushing

rav materisl

core praparstiocs; cutting,
slicisg

core rejuvesstios

stoms, vegets) matier
(puts, veeas)

stone, vegetsl mstter
(auts, seeds)

sone

vedd, saller/bess,
Nides, vegetal matter
sooe

SECONDARY MANUPACTURR

« BYMRODUCTS seceadary decorticatisa flskes secondary msaufacture; light vood, antler’boss,
cutting,shicing Moes, vegotal matter,
flesh
plaia flakes secoadary masufecture; light »004, mntler/bese,
cutting,slicing hides, vegetal matier,
fresh

triaming flakes (Q)
trimmiag flakes (F)

edge retouch oa Asturisn picks soae
secondsry retouch, shatter woae
vood, astler/bese,

bladelets 1ight slicing, cutting, shaviag
Nides, vegetal matter,
flasd
FORMLIZED TOOLS
wotches 1ight shaving, scrapiag cylimdrical wood, astier/boss
sbjects
denticulates ssweing, shreddiag fibrous material vood, aatier/beas,
fibrous vegetal matter
perterstors drilling, pterciag veod, antier/boae,
hides
ace piercisg, possibly graviayg wood, sntler/vese
burins scraping, Eravisg wood, satler/véee
aucleiforn eadscrapars planing, scrapiag oot
preks bammering, mssbing, diggisg wood, bose/natler,essrth
choppers chopping, shredding, heavy-duty vood, bose/astler,{lesh
cutting
choppiag tools chepping, sbredding, besvy-duty veod, ®one/antler,flead
cutting
§Tinding slabe grindiag, crushiag seeds, Bmuts, vegetal

satter, plgments

THE NEAREST NEIGHBOR ANALYSIS

With the aid of a computer program written originally by T.P.Muller
at the University of Chicago, and subsequently much revised, a nearest
neighbor analysis was performed on the surface array, using the Clark and
Evans (1954) formula for first-order nearest neighbor, testing for signifi-
cance using the standard normal variable (Fig.3). The nearest neighbor sta-
tistic is an objective measure of the degree of departure from randomness
toward maximal dispersion or aggregation of points distributed across a 2-
dimensional surface. For obvious reasons, the statistic is extremely sensi-
tive to area; area was defined at Liencres as equivalent to the area of the
grid shown in Figs. | and 2. The boundary problem (cf. Whallon 1974:22,
23) was not particularly important in this case because areas on the peri-
pheries of the grid were also inspected. Only on the northeast side of the
scatter did any artifacts occur in proximity to and outside of the grid boun-
dary. The positions of these pieces were plotted and suitable adjustments
in the sample size were made for each type.



The results of this analysis are presented in Table 2. It was noted,
first, that quartzite nuclei, split cobble segments and plain flakes tended to
be more or less randomly distributed, along with flint core renewal flakes,
perforators, becs and nucleiform endscrapers. This implies that activity
sets in which these items functioned were generally distributed in space
across the site, or, alternatively, that these items were discarded at random
after use. The influence of large N on the nearest neighbor statistic would
seem to be pronounced. Those types which depart most markedly from ran
domness are flint trimming, plain and decortication flakes, all of which are
more aggregated than would be expected. The distributions of quartzite
decortication and trimming flakes also departs significantly from random-
ness. These are precisely those types which are numerically most common
on the site surface.

NEAAEST WEIGHBOR STATISTIC

r
Z /M
=1 where:
1

Y

n -t

r = distance to first mearsst neighbor, summed over ¥

N = number of measurements takem im the observed populstioca
p = Gensity of the observed populstios, given by WA

A = ares is units comparable to those used to compute r

Aange l. = 0 to 2.13, vhere R, = O, N points are clustered ia
ome spot in A, ar, altersatively, occur ss psirs, triplets
etc,; Ra » 1 fadicates a random distribution im A smd B, = 2.135
isdicates maximal dispersion,

TEST OF SIGNIPICANCE

Jal) LA o where:

Pa= I r/W, the mean distance to nesrest meighbor
B 1/3 {7 , the meas distance to sesrest neighber axpected
in an infiaitely large rendom distributiom of deasi’y
op = 0.3613//7 , the standard error of the msas diotsace
® to mearest neighdor in a randomly distributed populstiem
of density p

{after Clark aad Rvens 1954:443-453)

FIGURE 3. THE NEAARST NEXIGROR STATISTIC (R;) AND ITS TEST OF SIGBIFICAME (<)
(CLARK AND EVANS 1954:445-431),
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LIKMCRES: SURPACK COLLACTION - THME WEARRST WEIGMSOR STATISTIC (R,) FOK COMMON ARTIFACT TYPES.
CREEAVED (7,) AKD RXPECTED (7q) MEAR DISTANCES AAS OIVEN, ¥ITX STANUARC UKYVIATION DY USKAITY »
©3,), STANUARD NORNAL YARIARLE (c) AND TS ASSOCIATEY PROBABILITY (p{c)).

ASTIPACT TYPR [ n, Ir/uc=ty) PeR/A 1/3 4P (-#g) 0.26130//Wp (=0 ) 3 »tc)
pebbles, cobbles: uamed., o

quartaite 1 851 32,071 000U2Y »l,592 10,43 ~2.67 L0076
auelsl, 1118t 1 Lean . 000048 71,597 CRIH -3.70 .vose
suclel, quertzite . it 124, 448 000016 124,08 2. eo0 0.0 9760
aplit cobble segmests,

quarisite 1e Lol 37,348 000037 o118 11,042 -3.10 0338
flanes, decerticeties:

nse 267 .sve 1.6 000723 18,389 .33 -12.8 0002
flanes, decerticatiea:

quartzite 34 433 18,008 000146 61,336 1940 -8.13 002
flemsa, pimis: f1i3t 19s .5v3 13.001 000533 21,809 818 “10.7% 0002

. plaie: quartsite 14 .77 s, 429 000037 »1.321 11,343 -1 1608
. trisming: fliat ¥ o1 23.117 000246 2.841 1,743 -3.87 0002
. trimsiag: gtzte. 19 508 26,390 000081 8. sa7 8,387 -3.90 .0002
. core remewsl;

s 533 0,942 .000UL3 135 .wea 31,784 -1.713 0u30
wledelets, flint 4 757 35.4u8 000118 46.322 3.692 -a.93 <0034
perforatars, bece:

fliae 1 a2 108.923 ~0u0u2y 91.500 14.436 s1.14 L1542
metches, denticulates:

f1nt 1 1.2 131,880 000U 91.000 14.438 +3.10 L0358
retouched bladelsts:

Iint . 482 61.457 000015 124.039 2.9 -3.3% 01wz
burias: fliat . 301 43,750 .ouoea1 107,414 1v.us1 R L0014
endecrapars, sucleifora:

fiat v laas 130,328 000021 107.411 19,951 e1.13 2502

0

BASIC STATISTICS AND THE COEFFICIENT OF JACCARD

It should be kept in mind that the nearest neighbor statistic measures
the degree of dispersion or aggregation of points; by itself, it does not pro-
vide any information about the association ‘of the types represented by
those points. The mean distance to nearest neighbor, however, and its stan-
dard deviation are basic statistics which are useful in regard to this prob-
lem. Theoretically, the interval defined by the mean distance to nearest
neighbor plus its standard deviation, or X + s, should include 84% of the
distances between items of like type in the distribution. Inspection of
Table 3 indicates that the proportion of n included in X + s is actually
about 85%. This fact is useful, as Whallon (1974) has pointed out, for the
definition and comparison of spatial clusters of artifact types. Circles the
radii of which correspond to the interval X + s are constructed for each
type; the sum of the circle areas constitutes what might be called the type
specific interaction space. CALCOMP plotter generated interaction spaces
for major debitage categories are given in Figs. 4-8. By using the overlay
procedure advocated by Whallon (1974), 120 non-reflexive pairwise com-
parisons were made of the 15 most commonly represented artifact types.
All types with frequencies fewer than 8 were eliminated. The comparisons
were evaluated using the similarity coefficient of Jaccard(Sokal and Sneath
1963:126-129). If, for each comparison, A is the first type and B the sec-
ond, it is possible to construct a 2 x 2 contingency table of the form giv-
ep‘ in Fig. 9. The proportion of N items in the AB intersect is contrasted
with the proportion of items in A but NOT IN B, and in B but NOT IN
A. The fourth cell in the table, items not in A and not in B is, in this case,
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an empty set (Hanson 1975; Hanson and Goodyear 197S5). The propor-
tions are essentially a ratio between shared and unshared items which ex-
cludes the empty set (Hanson 1975). The results are given in Table 4 and
may be interpreted directly as an item-based index of spatial association
ranging from 1.00, which would imply distributions in which all items in A
are contained in B, and vice versa, to zero, in which case no items in A are
contained in B. As is clear from inspection of Table 4. the major debi-
tage categories overlap extensively in terms of their interaction space,

P which implies that the various activities related to core preparation and
primary production of flakes and blades were conducted in areas which
were not spatially discrete.

THE CHI-SQUARED TEST

Although the coefficient of Jaccard can be interpreted directly in terms
of a correlation coefficient matrix, or used as a basis for a cluster analysis
(Whallon 1974), it should be noted that the statistical significance of the
values obtained is not known. In other words, no parametric value can be
attached to the proportion of positive matches, a weakness of clustering
techniques in general. In order to assess the statistical significance of the as-
sociations, standard chi-squared tests were performed on the same pairwise
comparisons evaluated with the coefficient of Jaccard. In this test, the null
hypothesis (Hg) is that the observed cell frequencies do not differ by an or-
der of magnitude greater than that which would be expected due to chance

TAME 3

LIBNCRES; SURPACE COLLECTION - BASIC STATLSTICS FUR ASSCCIATION CUMMALNORE OF COMMDS ARTIPACT TYPRS,
TUTAL WASMER COLLECTED BY TYPE (N), WASRR USED IN CALCULATIONS (n) ARE OlVIN, WITH SUN OF SLSTRACKS
TO MEARXST NEIGRSOR (3 x.) POR AARA REDUCED 501, MEAN DISTANCE TO MEAREST FiIGEDUM (%), S0W OF SGEMRLD
OEVIATIONS ([(l‘-l)z), SAKPLE STANDARD DEVIATIONS (s), NEAN FLUS STARDAAD IEVIATHNN (Gee), ALNETES
BARIUS (} §+ou) FOR MEABUREMENTS TAAER OF ON IOIRAL MAPS, AND PROPORTION OF » DNCLEDMD IN Ses.

ARTIFACT TYPR ® - Ix, % Sixg-1)? . Ses iaee 0 Laciuwind is fes
QUARTEITE:
flekes, trimeizg 1w 15 338 3393 4ead 7.e At .07 e
x flakes, dscerticatica 33 30 8l 10.22 21060.88  20.73  36.95 .. e
flakes, plein 14 13 344 o868 12613.08 33,08 82.33 “. a3
oplit cobtle segments 14 1n 488 4434 1016.33 10,08 S4.44 -— a1
povblen, cobbles:
oot £ 104 n 240 27.00 4692.00 24.31 8131 - o
suciete 7 3 16 483 16667 0.4 8876 - a7
e
flakes, trisming ”l [ X} 8432 10,14 5052.84 .88 17.99 - -3
flakes, Secorticatios
267 as¢ 1697 .82 0804 .73 3.0 11.70 —— . 873
flakes, plain 194 1835 1408 7.38 10733.13 7.60 15,23 = 902
flakes, core ressvals 3 ‘ 54 2330 91,00 17.33 .73 -— 730
blsdalets, unretouched
43 40 247 13.47 8008 .79V 12.41 2%.08 —— .90
mucies 18 16 412 25,73 ee2uwe 1811 Al A o8
Bladslete, reteuchess ¢ S 152 3840 337,30 28.39  63.79 - .90
perforatars, becs 1n L] 247 30.87  4e38.%0 33,23 36.10 = LT130
metchse, deuticulstes 11 ® 303 3588 111085  11.78 7.8 —- e
burine s 5 31 29.00 2008.00 16.15 43.13 — .o
amdecrapers, mucleifsrn
5 4 075 W 17.48  T8.33 - o3
centisucusly retowched
Piossss s S AT1 8440 11837.30  34.44 143.8¢ - i.ev0

® imdicstes s tes mmll for iaclusica 1 calculatiems
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PIGURE 9. LIENCRES:; SURFACE COLLECTION - DISTRIBUTION OF QUARTZITE PRINREY AND
SBCOMDARY OBCORTICATION FLAKIS.

variation under the assumption of independence; the alternative hypo-
thesis (H;) is simply that the variables are related in some way (Blalock
1972). The contingency table must be altered to the form shown in Fig. 10
so that items in unshared space are contrasted with items in shared space.
As noted, chi-squared measures statistical independence. ‘The expected
(cell) frequencies are calculated on the basis of the assumption that the var-
iables are not related (that is, they are the same for all four cells); the ob-
served frequencies measure the degree to which that assumption is violated’
(Blalock 1972:279). In the present case, if items A and B are statistically
independent, then knowing the values for one will not aid in predicting the
values for the other. Out of 120 pairwise comparisons, 47 were determined
to be statistically significant at alpha less than or equal to .01. This means
that, if a probability of Type I error equal to .01 is considered acceptable,
a statistically significant relationship exists between types A and B. In
terms of these spatial data, A and B could either be more or less closely
associated than would be the expectation under the assumption of inde-
pendence. No information is provided about the strength of the relation-
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JACCARD'S COLFTICIENT OF BIMILARITY

A T A
s A g b
T 3 5, =, a,
nA II. a

8, = nyp, (ngg+ u) where:

nAp = ttems in A and B U = items iB A mnd BOT B plus items
my, = items in A in B and NOT A (m,, ¢ ngy)
ag = items in B

a, = items not in A

By, = items not in B

Ngp = items not in A and not in B (here ac empty set)

{after Sokal and Sneath 1963:126-129)

FIGURE 9. THE SIMIKARITY COMFFICILNT UF JACCARD (5.),CONTINGENCY TABLE AN, MARGINALS
USED FOR PA IRWISE COMPARISOK (SOMAL AND SMEATH .963:126-129).

ship between A and B; all that has been demonstrated is that a relation-
ship of some sort exists. It should be borne in mind that if sample sizes are
large, as they are in some cases here, statistical significance is easily attain-
ed, given even a very slight relationship. It is thus beneficial to make use of
some objective measure of the strength of relationship.

PEARSON’S CONTINGENCY COEFFICIENT

A chi-square based statistic called Pearson’s contingency coefficient was
used to assess the strength of relationship between all types which had chi-
squares significant at the .01 level (Conover 1971:170-172; Blalock 1972:
297,298). Pearson’s coefficient (Fig. 11) ranges from zero to .707, in the
case of a 2 x 2 table. Zero indicates that the variables are completely in-
dependent; .707 indicates perfect association. The maximum value which
the C statistic can take on increases according to the number of rows and
columns in the table. For large tables, it approaches but never attains uni-
ty. The maximum value is sometimes used as a scalar to render C more
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LIMNCRES  SURFACE COLLACTION: JACCARD'S COXFFICIKNT OF »[MILARITY (5,) - ASSOCIATIONS
AT .900, .850 AND .800 LEVELS. F = FLINT, CMEAT; @ = QUAATZITE.

5, GREATEL THAX OR EQUAL TO .300:

muclet (F) " (wotches + denticulates (F)) -%s
unretouched bladelets (F) o (notches + deaticulates (F)} B Il}
sucles (7) and (pertoretors » becs (73} 985

8, GAKATER TMAN OB EQUAL TO .850, LESS THAN .50V

(primary + secoadary daearnc-v.lo- fiskan (F))

(sotches o deoticulates (7)) -a4s
plain flakes (F) -a scdscrapre (F) 838
split covdle segments (Q)  ead mucles (Q) 857
plain flekes (F) ead (primsry + secoadary decorticatios flames (7))

¥59
#p1it cobble segmenia (Q)  and rins (¥) e
irimming flskes (Q) 2na aucles (Q) .60
(primary + secomdary decorticstion flawes (Q))
and (notches + denticulates (7)) -n3
slatn flekes () snd (sotches « denticulstes (F)) 883
trimming flskas (7) ond (notches + deaticulstes {F)) a8

5, GREATER TMAN ON PQUAL TO .80U, LESS THAN .850:

trimaing flskes (F) and unretouchad blsdelets (F) .79
#plit cobble segments (Q)  ama (sotches + denticulstes {(F)) 800
split cobble segments (Q) a0 (partorators + becs (f)) 800
plaia flszes (?) and aucles (7) 806
{prisary + secondery decorticelion flanss (P}

ang andscrapers (7) .807
plais flakes (F) and unreloucked blsdslets (F) a1
plain flakes (F) and triming flakes (F) .814
endscragers (1) and trimmiag flakes (7) .18
endacrapars (F) and unrelouched bledelets (F) .83)
trisuing flakes (Q) ond {notches ¢ denticulates (7)) a2
(primary + secemdary secortication flskes (F))

and {parforstors + bece (F)) 827
trimaing flakes (Q) and burins (F) .833
nuclet (Q) and sucles (7) 840
oplit cobdle segments (Q)  aad core reneval flskes (F) 843
(primary + secoodary decortication flaxes (Q))

and (periorstors + becs (1)) 843

readily interpretable by setting the upper limit of the coefficient equal to
1.00, as in Fig. 11 (Blalock 1972:298). The 47 pairwise comparisons which
had significant chi-squares were evaluated using Pearson’s C to assess the
strength of relationship. Because only those comparisons with significant
chi-squares were used, and because Pearson’s statistic is itself based upon a
chi-squared distribution, it follows that all of the comparisons so evaluated
would be statistically significant at alpha less than or equal to .01.

Results obtained by applying Pearson’s coefficient to the Liencres data
are presented in Table 5. Only adjusted coefficients greater than .700 are
listed. Inspection of the table shows, first of all, that the 47 comparisons
which the chi-squared test determined to be significant at the .01 level are
reduced to just 12. Second, if the hypothetical functions assigned at the be
ginning of the analysis are applied to these strongly related pairs, it be-
comes possible to distinguish tool kits related to 1) primary and secondary
tool manufacture, and edge renewal; 2) to light cutting/slicing/shaving of
animal and vegetal matter; and 3) to core preparation and primary manu-
facturing activities. The first would seem to include quartzite nuclei and
trimming flakes; the second comprises flint plain and decortication flakes,
unretouched bladelets, notches and denticulates; and the third consists of
flint and quartzite nuclei. Other kits seem to combine these functions, or
are more difficult of interpretation. The distributions of the three principle
tool kits at Liencres are presented in Figs. 12-14. Tool manufacturing and
edge renewal seem to be activities confined mainly to the southeastern



PIGURS 10. CMI-BQUARED TEST FOR A 2
PAIRVISE COMPARISON (BLALOCK 1972:27

CM1 SQUARR (2 X 2)

A [}
]
(a) () - -z
A LY L | Ta T Tax " "
) @) | w -
L. BmA pp t b T R ]
|
nM * DM lu A d l” .
a+c) (b + d) 7
)(2 = N(sd - h:)’

(a + B)(c + d)(a ¢+ c)(b + @)

2 = ng, = items 1n A WOT IN B
b= mp = items of A IN B
c = mps = Ltems of B IN A
d = ogpy = items in B NOT IN A

PEARSON'S CONTINGENCY CORFFICIENT

C = xz where:

.707

xz - X) statistic for &« 2 X 2 table with | img—wes of freedom

Reoggs= C

= table total (n, + n)

= 0 - ,707 (for 8 2 X 2 table): O tnaicecms that the
variables are completely independsat: .7IFr indicstes
maximal association, and is sometimesm user &s & correction
term to render the interpretation of I smre readily under-
standable by setting the upper lisit of I spual i §.00.

PIGMRE 11, PRARSON'S CONTINGRNCY CORFFICIENT (C) (BLALOCK .»7Z: 20 208



ADJUSTEL PEARSON'S COZFYICIENTS GREATER THAR ,700 POR SIQRIFICANT CNI SQUARES (a < .

TABLE S

01). Q » QUARTIITE, P = FLIRT,

x3ca <.o

PAIRVISE COMPAR I1SOKS (14 x3) C/.107 SPECULATIVE FUNCTION
sucles (Q) + trisming flakes (Q) 14.88 .000 .93 prisary and secomdary tool mmau-
fecture; edge resevsl
suclel (7) ¢+ (notches + desticulates(P)) 17,38 .000 .ae8 primary mssufacturs; shaviag,
scraping, shredding of wood,
astler/bone, vegetsl matter
plain flekes (F) ¢ trimming fimkes (F) 112,81 .000 T8 tool masufacture
pisin flakes (7) + umretouched bledelets
) 80.86 .000 LT12 light sliciag, cuttiag, shavisg
of wood, sstler/bose, vegetal
matter, flesh, hides
plein flakas (F) ¢ decortication flakes
(¢4] 240,34 +000 826 ditto
unretouchad bladelsts (F) «
(notches + denticulates (7)) 36,64 .000 .808 ditto
muclel (Q) + nucles (F) 9.00 001 138 primary msaufacture
split cobdle segmenta (Q)

(sotcbes + demticulstes (F)) 9.03 +001 .738 core preparation; bammering,
crusbing; light shaving, ecrap-
iog, sawsisg of wood, bome/
antler, flesh; shredding of
fibrous material

aplit cobble segments (Q) +

(perforators + becs (F)) .02 HoL 738 core preperstios; hsesering,
crushing; drilling or plercing
of hides; graving boss/sstler,
wood

split cobble segments (Q) + burims (F) 11.29 4000 .023 cors preparatios; bammeriag,
crushiag; scraping sad/or
graving of wood, ssiler/bone

trimming flakes (Q) + burins (F) 10,53 000 S8 100l masufscture snd sdge resev-
al; scrapiag sad/or graving of
wood, astler/boas

1arge/small cobbles (Q) o

(partorators + bacs (7)) 10.83 .000 834 ?

(upper left) portion of the site, as indicated by the heavy concentration of
quartzite nuclei and trimming flakes in that quadrant (Fig. 12). Residues
from cutting/slicing/shaving activities have a more general distribution, but
show a marked concentration toward the center of the site (Fig. 13). Core
preparation and/or disposal is again confined to the southeastern quadrant,
as indicated by the concentration of flint and quartzite nuclei there (Fig.

14).
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PIGURE 14. LOCUS OF CORE PREPARATION, AS DEFINED §Y THE COMBINED TYPE-SPECIFIC
INTERACTION SPACES OF FLINT AND QUARTZITE WUCLEI.
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