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THE ARIZONA STATE UNIVERSITY NEAREST
NEIGHBOR PROGRAM: DOCUMENTATION AND

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

A program is described which generates data point, nearest neighbor and
significance test statistics for use with large samples (up to 1,000 points)
in one to n-way nearest neighbor analyses. The program can be interfaced
with a graphic plotting routine (GIPSY) for visual display and/or com-
parison of point and shared area distributions (cf. Clark, Effland and
Johnstone, this volume).

In a series of recent papers, Whailon (1973,1974) has presented and
discussed multivariate statistical procedures appropriate to the evaluation
of the significance of artefact clusters on the surfaces of archacological
sites. Amongst the most promising of these are a series of techniques
grouped under the rubric of “nearest neighbor analysis” (Clark and Evans
1954; Pielou 1959,1969; Thompson 1956; Pinder and Witherick 1972;
Dacey 1963). Although there are different kinds of nearest neighbor
analyses (e.g. lineal, areal), the basic approach was designed to provide the
investigator with an objective measure of the degree of departure from
randomness toward maximal dispersion or aggregation of point scatters on
two-dimensional plane surfaces. From an archaeological perspective, these
point scatters could correspond to the co-ordinate locations of various
artifact and faunal debris categories scattered across site surfaces; they
might also represent the locations of sites within regions or macroenviron-
mental zones, or architectural features or units within sites.

It is not our intent here to provide a critique of nearest neighbor
analysis. The approach itself, and a battery of statistics which can be
used to advantage in conjunction with it are discussed by Whallon (1974)
and by Clark, Effland and Johnstone (1977) elsewhere in this volume.
Rather we outline here a FORTRAN program which is designed ‘to
facilitate nearest neighbor analysis when the number of data points is
large. Some preliminary remarks, however, seem advisable lest funda-
mental misconceptions arise at the outset about the uses and limitations
of the approach.

First, it should be noted that the statistic is highly sensitive to area.
Caution is advised in the determination of area, especially if site bound-
aries are arbitrary and/or if not sampling design has been incorporated into
data collection. Second, although the method is not constraincd by the
size and shape criteria which limit the usefulness of dimensional analysis
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of variance (Whallon 1973), nearest neighbor analysis does require that the
data be point provenienced (i.e. recorded as a series of two (or three)
dimensiona! rectangular co-ordinates). Normally, first order nearest
neighbor distances are used to compile the descriptive statistics which in
turn provide a basis for tests of significance and of association. Second,
third, fourth . . . nth order nearest neighbors can also be used, however,
for more sophisticated kinds of analyses in which data are organized into
hierarchies (e.g. central place studies).

If samples are large, manual calculation of even first order nearest
neighbor statistics can be tedious and time consuming. For this reason,
the following FORTRAN program has been developed. It 1) yields the
series of basic statistics described below, and 2) can be interfaced with a
graphic plotting program (GIPSY4)(Monmonier 1968) designed to plot
from a 30” CALCOMP drum plotter. The version of GIPSY nowin use
was modified by F. Aldrich (Geography) and R. Eftland (Anthropology)
for the UNIVAC 1110 system currently in use at Arizona State University.
These plotting routines provide a versatile package of mapping obtions,
including line, symbol, contour and text plotting. Symbols and “cut-off”
circles (Whallon 1974:22,23; Hanson 1975) are automatically formatted
and scaled by the nearest neighbor program, and an cxterior border is
established which corresponds to user-specified dimensions (i.e. it repre-
sents graphically the area to be used in the analysis, although it may not
correspond to it exactly in shape). Additional line, contour and/or text
can be added as desired. The output data are stored in temporary disc
file space until entered into the plotting runstream. The main program
given below, interfaced with a CALCOMP plotter, produced the graphic
output shown in Figs. 7-14 in Clark, Effland and Johnstone (cf. this
volume).

C PRBGRA NEAREST

Cosawwwwnwn|OENTIFICATION SECTIAN

€ PRBORAMNER) J.C. JBHNSTBNE

c OATE WRITTEN: 10/10/1975

c OATE CAnPILED 10/17/1975

c LANGUAGE: FBRTRAN ¥

5 INSTALLATION: ASU - UNIVAC-1100

[ THE ENTIRE PRAGRAN 1S OIVIDED INT® THREE PORT{BNS:

C 13 NEIGHBOR - THE MAIN PRAGRAN [N WHICH PARAMETERS AND

c AND BPTIBNS RRE SPECIFIED AND CHECAED.

c 2) ANEAR - SUBPRAGRAN IN WHICH OATR 8F PRE-SPECIFIEQ

(5 PARANETERS ARE READ !N AND ALL CALCULATIBNS ARE OBNE,

[ BPTIANAL TABLE GENERATIAN., PLAT BF OATA. HISTAGRANS.

[ 3) PLBT - [NTERFACING SUBPRBGRAMN THAT CALLS 78 BUTSIOE

[© PLBTTING RBUTINES SPECIFIED BY BPTIBNS AND OATA CARDS

E AT END @F NAIN DATR DECK.

© NEIGHBBR - NAIN PRBGRAN

c VARIABLE DEFINITIBNS

c NANE TYPE FBRN DEFINITIEN

C A a 18P ARER 8F PBINTS PLUS BUFFER IN SQURRE MERSURE
C  ANEAR 0 FUN NANE BF FUNCTIEN SUBPRAGRAN

[ [ i INP NUMBER BF CASES - PRIRS BF X.,¥ CBBRIONATES

c i} 0 INT ARRAY FBR NEIGHMBAR OISTANCES

C ON 0 INT ARRAY FBR PBINT OISTANCES AND PAINT [(OENTIFIER
cC n i INP PLBTTING BPTIBN, 0=NBNE. 1=VE3

c @ 1 INP NEIGHBAR UPBN WHICH STATISTICS ARE T8 0BNE,<=C
[ 82 1 INP BPTIAN FAR TABLE BF FIRST FIVE NEIGHBERS
COREER R INT ARRAY FBR STORAGE &F PBINT CBAROINATES

€T R INT ounnaY VARIABLE
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THIS PERTIEN 8F THE PROGRAM INITIALIZES ARRAYS ANC R(!US lN|
THE NUMBER BF CASES. T RRER, THE MAPPING BPTIBN, THE
THE NEIGHEB8R UPEN WHICH STRTISTICS ARE T8 8E CRLCULRYEU i U
THE APTIBN FBR THE TABLE @F THE FIRST FIVE NEIGHBRS FBR EACK PBINT.
THE NUPBER BF CRSES 1S CHECKED T8 SEE IF [Y J5 WITHIN THE OATR LINITS
(LESS THAN BR EQURAL T8 1000) AND THE NUMBER BF THE NEJGHBAR UPBN
WHICH STRTISTICS ARE TA BE 0BNE 13 CHECKED 78 HAKE SURE [T IS WITHIN
THE ACTURL NUMBER 8F CASES EN IF ALL CHECKS BUT R CALL I3 PLRCED
T8 THE SUBPRBGRAN -~ ANEAR.
«sPROGRAM SECTIAN
INTEG c.n/0/.81/1/.82/0/,UNIT/S/
REAL ACARD.IBTEST.INDATA
REAL®B R,ANERR.O,.ON.P.X
OQIMENSIAN P(3,1000).0(10003,0N(2.1000),18TESTI8),INDATALI0)
OATA [ATEST/SHINPUT.4HOATR,SHCASES,SHLIMIT, 4HUNIT . 4HAREA.SHTABLE .
w4HPLAT/
RERC(S,102,END=20} ACARD
{F [ACARD .NE. IATEST{1)) GB T8 }
READGIS,103,EN0=20) ACRRD,(INORTA(1}.1=1.10)
IF (ACAROD .EQ. IATEST(2)) GA@ 18 18
If (ACARD .EQ. [@TEST(3)} GB 18 12
If (ACRRD .EQ. [ATEST(4)) GB T4 13
IF (ACARD .EQ. IBTEST(S)) GA T8 |4
IF (RCARD .EQ. JBTEST(6)) GA 78 1S
1F (RCARD EO, JBTEST(7)) GB 18 16
1f (ACARD .EQ. JATESTIB}) GO 18 17
WRITE(6,104) ACARC
68 78 19
C=INTG(INDATA,10)
G8 18 10
@1=INTG( INOATR.10)
6B 18 10

UNIT=INTG{INOR. .30}

GB 18 3

A=REACINDATR.10)

go v

gZ:XBLllNDﬂTR.IDI
H:leB(éNOﬂTR.lOI

aCHECH INPUT FBR %ERREC1NESS.
.GT. Cé GU 15 15

T8
=g NTRBL Tﬂ SUBPRBGRRH ANEAR.
.0.0N.f.N,B1.82,UNIT)

ECTieN
niTs EXCEE
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13
RRECT INPUT C@PPAND - °,A6)

FUNCTION ﬁNEHR(FBlNY.NCHSE.DIST-UHN.RREQ.HBP.NBFT),NaFYZ.Ule)

woewnsenuw [OENTIFICATION SECT]

L]
PRAGRAN 103 JUBPRGGRRH ﬁNEﬂR
PRBGRANNER 5. JOHN

LAN TRAN
INSTALLATIBNS ASU - UNIVAC-1100
ANEAR -~ SUBPRGD

RIGBLE BEFXNXYIGNS

NAME TYPE FBRN DEFINITIBN
A NT 3.]‘15927'UEN
AREA NP PRSSEU FR nﬂlN. ARER BF FPOINTS
£ase NT REAL=8 FBRM BF NCASE
CLL NT LHHER CAONFIOENCE LEVEL=3QRY(2u(0F-1}-1.96)eu?2/0F
CLu NT UPPER CONFIDENCE LEVEL=3QRT(230F-1)e1.96}we2/0F
CR} NT CUTBFF RADIUS=MEAN-12XSIG
CR2 NT CUTBFF RADIUS=MEAN+1.652X31G
o 1] NT CH1-SQURRE=Z#R*X30QR
C3QA NT NBRMAL APPRBXINATIBN=CSQ/CASE
01 NT SQUARE BF OJFFERENCES BF X CBBROINATED
02 NT SQUARE BF OIFFERENCES 8F Y CABROINRTES
08n NY RRRAY BF DISTANCES BETWEEN PBINTS
BEN NTY DENSITY=ARER/CASE
oF NY OEGREES @F FREEQAN=2NCASE
gIsT ] NTY ARRAY FBR NEIGHBAR OISTANCES
0nAx R NT HAXIMUM NEIGHBBR D1STANCE
oniN NT AINInUD NETGHBAR O!STANCE
ONNS NT NEAREST NEJGHBBR STRTISTIC=NEAN/DEXP
IRST NT ASTER]ISK SYMBBL NANE FBR HISTEGRAN
K NT PRRANETER @F SARY RBUTINE
KON NT SBRT PARAMETER=NCAL~-1
L NT CBUNY FBR DAN RRRAY
LINE NT LINE ARRAY FBR HISTBGRAM
nap NP PLBTTING 8PTIBN, PASSED F nAl

£AN NEAN BF NEIGHBBR OISTRANCES=3UN/CASE
NCHSE NP PASSED FRAM nAIN. NUNBER CARS:

i NP PASSED FRBM MAIN., =NCASE
N8PT| NP PASSED FRBMT NAIN. NEIGHBAR STATISTIZ 8PTIEN
NBPTZ NP PASSED FRBM ARIN. TABLE ion

NT FLAG FBR START B8F TABLE

NPGE NT CBUNT BF LINES 8N A FPAGE
RUm NT SBRT PRRANETER
Nunnl NT SBRT PARAMETER
PBINT NP ARRAY FBR X.,Y CBBROINARTES, 1=X.2aY.J3ze
RANGE NT RANGE BF NEIGHBAR O!STRNCES
SAYVE o NT SAVE AERR FAR SBRT RAUTINE
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4 CONTINUE

-CRLCULRYI!N OF HRXIHUH SBRT PARRNETER.
FINBPTZ .EQ. NBPT)

IFLINBPTZ .NE. 0] <AND. (NOPT] .LE. 5))K=S
{FLINRBPTZ .NE. O} .AND. (NGPTI «6Y. S)IR=NBPT]

£
¢ ..--.---sakr Rau!lNE
08 27 N=1.

IHN NCHI -N
RG‘D
DB Nz .2
NUH-thﬂl0ll 2]
NURML=
1F (ﬂﬂﬂll hUﬂl .GE. DANL).NUMMLIZIGB T8 6

[xlnl

D PY4

SP\E UPNlﬂn NUn

AN N, NUN )= OHN(NH.NUHHI)
ORN( KN .NUAME ) =SAVE

S CBNTINUE
] CONTINUE

IF (FLAG .£Q. 0138 78 8
7 CONTINUE

mn

8 IF (N8PTZ .EQ. D)GO T8
C weswewwsPRINT-BUT OF FIRST flVE NEIGHBOR TABLE.
1F NP .EQ. 0168 T8

NP
1F INPGE .GE. 40)68 T8 10

GA T8 11}
9 IF (NPGE .LT. S51G8 18 12
10 HR&YEgS 1010}
1 HRITE&G lUOl)

PGE<NPGE
WRITE(6.1005) PBXNT(3 1).0AN(2,11,0AN(1.1).0AN(2.2).0AN(1.2),
1 DORN(Z.3),0AN(1.3),0AN(2.4). DAN(1.4).0ANE2.51.0aN(1.5)
NPGE=NPGE 1
[ 'l--ll'-SRVE DISTRNCE GF DESIRED NEIGHBOR .
13 DIST{1)=0ANL} NI

c
C weswusesCHRLCULRTE NEIGHBOR SYRTISTICS.
X30R=X3QR«0IST(1}aDIST(])
SUn=3sun+0187(1]
1F lDlST(ll «GT. 0HRX)UHRX=0157§{}

1F DlSTll) LT, ONIN)ONTN=DISY
14 CBNTINUE
'l'-;-E'CRthLﬂTE NEIGHBBR STRTISTICS CONTINUED.
ASE/ARER
NEAN=SUR/CASE
OEXP=(1./(05QRT(DEN 3 Ju( ((FAC(ZuNBPTL)IuNBPTI}/{((28wNBPTI)m{FRCI®
wBPT]) ) }wuw?})
VRR:(XSOR/CHSE]-NERN--2
SIG:SOR'(X ﬂR
S=nEAN/
=0 ZGlSG/GSQRT(CRSE-OENJ
(NERN-DEX
o 15927-0
=2 .0=AaXSQR
2 -

OF=2sNCRSEuNBPT]
ST0V= SGRY(Z OwC3Q)-SQRT(Z.0s0F~1 .01

£3QR=C3Q/CASE
CLi= (SORYI2 IDFINBFT -1.)-1.96)su2/0F
C R ( 1.1+1.961ww2/0F

NBPT)-

EAN+1 .
ER = EGN'I,GS-XSIG
IF (NPGE Lé- 28168 T8 15

NEBPT
NCRSE AREA.DEN,BEXP , U .NEAN .ONNS , XVAR .XSIG.SOR.3C,
CSOQ CLL.CLU.CRI,CRZ

STEBRg?NRBUTINE
ERLCULGYE SCALING FRCTER.
1
+NCASE
0
RT+SCALE
1=3TART
1) .GT. STARTIGB T8 16
SHI=YALUE( ] ,K)+]
NCOUNT~]
G %
16 CBNTINUE
17 CENTINUE
FLRG=0
YALUE(1,101=YALUE(},10)<NCBUNT
08 20 1=1,HCASE
J=[NCRSE«1]-1
08 18 K=1.10
IF (VYALUE{).K] .LT. JIGO T8 18
LINE(N]=]RSTY
FLAG=)
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0168 T8 20
(NE. D)GO TO 19
13) JLOILINE(RD.L
J2JCELENE(K) L
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The main program was written orginally by T.P. Muller (Chicago), and
subsequently modified by G.A. Clark, S. Raab, C. Waters, R. Effland and
J.C. Johnstone (Arizona State). The October 1975 version is given above.
The program lists data points input by X and Y co-ordinates, and generates

the following data point statistics:

Mean (X)
Mean (Y)
Range (X)
Range (Y)
Maximum (X)

Minimum (X)
Maximum (Y)
Minimum (Y)
Mid-point (X)
Mid-point (Y)

For each point, a, tabular listing of first through fifth order neighbors is
provided, and the program generates the following nearest neighbor

statistics:



-53-

PARAMETRIC: CHI-SQUARED {NON-

PARAMETRIC):
Number of points (N) Chisquared
Area Degrees of freedom
Density Standard normal variable
Expected distance (Fe) (z)
Sum of distances Normal approximation
Mean of distances (Fo) Confidence interval
Nearest neighbor statistic (R) (a=.05)

Variance of distances

Standard deviation of distances CUT-OFF RADII:

Standard error 1.00 standard deviations
Standard normal variable (z) 1.65 standard deviations

Finally, a histogram of the nearest neighbor distances is provided.

To summarize, point-provenienced data are input (format is 2F10.5).
The user specifies 1) the number of points to be input (C,NCASE), 2) the
area to be used in calculation (A,AREA—area is used to obtain the
expected nearest neighbor distance (f;) and is critical to the analysis),

3) options for graphic interface (M,MAP), 4) the nearést neighbor to be
computed (01,N@PT1), and 5) whether tabular output for the first five
nearest neighbor distances is desired (02,N@PT2). The mapping options
have been designed for a specific graphic interface (GIPSY4); certain
internal modifications would be required for use with a different system.
Alternatively, the mapping options can be bypassed (Map Option = 0). At
present, the maximum number of data points is 1.000.
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