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Geary's Contiguity Ratio 
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University of Augsburg 

Abstract: Forty years ago Geary published a paper oil spatial statistics introducing the contiguity 
ratio, c, to measure spatial pattern. He discussed c not only as a direct measure but as a regres­
sion diagnostic for assessing spatial association amongst regression residuals, c has continued to 
be used and this paper describes its properties, its current status and how work in this area has 
developed, emphasising particularly the complementary new approaches offered by interactive 
graphics tools. 

I I N T R O D U C T I O N 

I ndependence is a m a i n tenet of much statist ical theory b u t spatial data 
are very much not independent. Geary's interest i n spatial statistics went 

back to an early study he carried out on T B rates i n County Wexford (Geary, 
1930). Ident i fy ing and assessing spatial patterns requires f ind ing ways of 
model l ing the spatial relationships. A first step is to construct some measure 
of the non-randomness of spatially dis t r ibuted data. I n his 1954 paper Geary 
considered "county" data (i.e., regional or area measures, not point data) and 
suggested the cont igui ty rat io, c, wh ich is based on the squared differences 
between contiguous areas: 

c = ((n - 1 ) / 2 K X ) I ' ( x t - x t , )* / 1 ( x t - x ) 2 (1) 

where n is the number of areas, x t is the value for area t , x is the mean of a l l 
the values, k t is the number of areas connected to area t and Ki = Tkt is twice 
the sum of a l l connections. £ is the sum over a l l areas and X ' is twice the 



sum over a l l contiguous areas. Modern publications use the number of con­
nections A = K : / 2 and a different summation notat ion, Z ^ d ^ X ; - X j ) 2 , for 
the numerator , bu t the formulae are exactly equivalent. (This is not apparent 
at f i rs t s ight as 3^ is not the standard Kronecker delta bu t is defined as 1 i f i 
and j are neighbours and 0 otherwise, w i t h 3 i ; = 0. The summat ion Eq) 
counts each pair only once.) 

The expected value of c is 1 under the n u l l hypothesis of no spatial auto­
correlation. This can be derived either by a randomisation argument or from 
classical normal theory. For the randomisation argument i t is assumed tha t 
a l l n values may equally wel l have been allocated to the n areas i n any one of 
n! possible ways. For the normal i ty argument i t is assumed tha t each value is 
an independent sample from the same normal dis t r ibut ion. 

c is unusual for a measure of association i n t h a t a value of 1 suggests the 
values are d is t r ibuted at random whi le values much less than un i ty or much 
more t h a n u n i t y suggest a pa t t e rn . I f the data are posi t ively spa t ia l ly 
correlated t hen c w i l l be smal l and close to 0 and i f they are negatively 
spatially correlated then c w i l l be bigger and close to 2. ( I t is surprising Geary 
d id not suggest the statistic (1 - c) which would then be interpreted s imi lar ly 
to a s tandard correlat ion coefficient.) The m a x i m u m and m i n i m u m values 
which c can take are 

M a x (c) = { ( n - 1 ) / 2 K 2 } m m a x and Min(c) = { ( n - 1 ) / 2 K 1 } m m i n (2) 

where m m a x a n d m , ^ are t h e largest and smal les t eigenvalues of 
( I - C ) W ( I - C). W is the adjacency ma t r i x (w^ = 1 i f areas i and j are 
contiguous and 0 otherwise) w h i l e each entry of C is 1/n (Ha in ing , 1990, 
based oh deJong et al., 1984). 

I f the data are assumed to be a normal sample w i t h no spatial s tructure 
then the variance of c w i l l be 

V(c) = { K 1

2 + 2 ( K 1 + K 2 ) } ( n - l ) / [ ( n + l ) K 1

2 ] - l (3) 

where K 2 = ZK; 2 

and c is asymptot ical ly normal ly dis tr ibuted. The randomisat ion approach 
leads to a s l ight ly different standard error. Geary describes the calculations 
b u t concentrates i n his paper on the assumption of normal i ty . He fel t sure 
t h a t c tended to normal i ty fast, pa r t ly convinced by calculating the f i rs t four 
moments for the 26 I r i s h counties and finding tha t the skewness and kurtosis 
of c were close to those of a normal dis tr ibut ion. Simulations of small samples 
by C l i f f and Ord (1981) support th i s view. A significance test is then carried 



out by comparing (1 - c)/W(c) to the standard normal dis t r ibut ion. 
c is a global statistic, i.e., i t is calculated for the whole of the data set. I f c 

is significant the problem of interpretat ion s t i l l remains. I n practice, as Geary 
wrote, contiguity properties may be wel l -known "from ordinary mapping" so 
c wou ld be used more to assess the non-randomness of a pa t t e rn already. 
observed and to measure the relat ive s trength of the contigui ty. I n a large 
data set a non-significant value of c for the whole area m i g h t mask local 
concentrations of values, c migh t be calculated for sub-regions of the whole 
country separately. Had Geary been an American dealing w i t h large numbers 
of more widespread geographic un i t s ra ther t h a n an I r i shman dealing w i t h 
the 26 counties would he have extended his ideas to local spatial statistics? 

One of the curious effects of Geary's paper has been the amount of interest 
shown i n analysing data from the 26 counties of the Republic of I re land. I t is 
obvious why he should have been pr imar i ly concerned w i t h such data but i t is 
typical , i f disappointing, tha t other statisticians should have been so as wel l . 
There are three m a i n disadvantages i n w o r k i n g w i t h I r i s h county data: the 
smal l sample size, the exceptional na ture of data for D u b l i n (Geary left 
D u b l i n out because of this , reducing his sample size fur ther from 26 to 25), 
and the topology. Obviously any small data set w i l l have a h igh proportion of 
border areas, bu t th i s is compounded here by the border w i t h N o r t h e r n 
Ire land. Thus Donegal i n the North-West only has one neighbour i n the data 
set, L e i t r i m , and the i r common boundary is very short. I n contrast, Tipperary 
has eight neighbours. Were Donegal to have an ou t ly ing value th i s would 
enter in to the calculation only twice, whi le were the same outl ier i n Tipperary 
i t wou ld enter 16 t imes. A n ar t i f i c ia l example i l lus t ra tes th i s . Le t the 25 
counties excluding D u b l i n a l l have the value 0, ba r r ing one w h i c h has the 
value 25. Then c = 0.227 i f t h a t county is Donegal and c = 1.818 i f i t is 
Tipperary. 

Geary does not discuss a l ternat ive defini t ions of cont igui ty and t he i r 
possible effect on c b u t i n one respect his use is unexpected. M a p I I on p. 9 of 
his art icle shows the 26 counties, each labelled w i t h the number of connec­
tions to neighbours. F rom this i t can be seen t h a t i n the South-West, Ker ry 
and Clare are regarded as contiguous a l though they are separated by the 
Shannon and i n the South-East Waterford and Wexford are regarded as 
contiguous al though they also have no common land border. I n practice this 
made l i t t l e difference as these are only two out of 55 connections. The most 
significant value of c reported by Geary is for mi l ch cows and one of the least 
s ignif icant is for sheep. The values w i t h o u t Kerry /Clare and Waterford/ 
Wexford are: 



Milch cows Sheep 

0.8686 
0.8696 
0.8838 

Al l 25 counties (excluding Dublin) 
Excluding Kerry/Clare 
Excluding Kerry/Clare and Waterford/Wexford . 

0.3415 
0.3016 
0.2848 

The standard error increases from 0.1512 to 0.1562 to 0.1600, the values for 
m i l c h cows being a l l h igh ly significant and the values for sheep being not 
significant. 

A few years earlier, i n 1948, Moran had introduced another measure, I , to 
measure spat ial autocorrelation. 

I can take both positive and negative values and is close to zero when there is 
no spatial autocorrelation. I t is more l ike a correlation coefficient al though i ts 
expected value under the n u l l hypothesis of no spatial autocorrelation is not 0 
bu t - l / ( n - 1 ) . This may be derived either by assuming norma l i ty or by a 
randomisat ion argument. The max imum and m i n i m u m values i t can take are 
s imilar i n form to those for c (see Ha in ing (1990), after deJong, et al. (1984)). 

Geary l i s t s Moran 's paper i n his references but does not ment ion i t , a 
curious omission since he only l is ts five papers i n a l l , inc luding two of his 
own. I t wou ld be interest ing to know whether the two had discussed the prob­
lem together, given the smal l community of statisticians at tha t t ime. Moran 
was i n Oxford from 1946 u n t i l 1952 when he took up a chair i n Austra l ia . 

The two statist ics are often referred to i n tandem. I looks more l i ke a 
standard correlat ion measure whi le c can be traced to other ideas from t ime 
series (Geary refers specifically to Von Neumann's rat io a l though C l i f f and 
O r d point out the relat ionship to D u r b i n and Watson's d statist ic as wel l) . 
C l i f f and Ord come down sl ight ly i n favour of I on the basis of i ts appearing to 
be more robust , of i t s tending to normal i ty faster and of asymptotic relative 
efficiency (ARE) . As A R E "gives a fa i r guide to the i r re la t ive power for 
alternatives not too far f rom the n u l l hypothesis" (Cl i f f and Ord, 1981, p. 165) 
th is does not seem useful for measures we are mainly going to consider when 
the data are far away from no spatial autocorrelation. 

Whether these arguments are of much practical influence is unclear, par­
t icu lar ly as I and c measure sl ightly different aspects of spatial correlation. A 
more convincing reason for preferr ing I may be found i n Anselin 's w o r k 

I I C O M P A R I N G GEARY'S c A N D MORAN'S I 

I = ( n / K 1 ) S ' ( x i - x ) ( X j - x ) / S ( x : - x ) 2 (4) 



(1993) i n which he describes how I may be decomposed to show the local 
effects. He observes t h a t I may be in terpreted as measuring the degree of 
l inea r association between a vector of observed values y and a weighted 
average of the neighbouring values, Wy. (c may be decomposed too bu t does 
not have th i s in terpre ta t ion . ) He recommends us ing a scatterplot of W y 
against y w i t h a l inear regression of slope I . The usual regression diagnostics 
may then be used to identify outliers and investigate other aspects of the f i t 
and hence to interpret I and deviations from no correlation. 

Bo th the I and c statistics were introduced for regions and use continguity 
to define adjacency. This means tha t na tu ra l barriers are ignored as are 
length of common boundary and other geographical features. I n geostatistics, 
w h e n the data locations are points, adjacency measures use Eucl idean 
distance. O 'Loughl in et al. (1994) used a mix tu re of the two i n an effort to 
cope w i t h the variety of scale differences i n the i r analysis of the 1930 German 
elections because of the mix tu r e of urban and r u r a l vo t ing areas. Results 
were calculated us ing both contiguity and a distance band of 56 kilometres, 
w h i c h was chosen to ensure t h a t no area was unconnected. The def in i t ion 
used w i l l affect the results a l though the same k i n d of tests based on the 
normal d i s t r ibu t ion may be used. C l i f f and Ord give the theory for general 
we igh t ing matrices { w ^ J (which need not be adjacency matrices at a l l ) . A 
further generalisation is based on work by Huber t et al. (1981) who show tha t 
the weighted versions of c and I are both special cases of the general cross 
product statistic after some suitable normalisation 

r = I i I j G i j C i j (5) 

where Gy is a measure re la t ing locations i and j and C^ is a funct ion of 
the var iab le values. For c, G i j = w i j and C ij = ( x i - x j ) 2 w h i l e for I , 
Cjj = (Xj - x)(Xj - x ) . Results w i l l also be affected by the areal framework used 
i n t h a t different frameworks w i l l give different sets of values and generate 
different statistics. This is a classic problem i n quanti tat ive geography known 
as the Modifiable Area l U n i t problem. A n in teres t ing reference from th is 
point of view is Openshaw and Taylor (1981). 

M i s s i n g values are a fu r the r problem as they are for a l l s ta t i s t i ca l 
methods. I n the case of c i t would be valuable to look at the influence they 
could have. Geary left out D u b l i n al though values were available and now­
adays one would calculate statistics both w i t h and wi thou t outl iers. O n the 
other hand, Ansel in analysed Afr ican data on strife but w i t h o u t hav ing any 
value for Angola. Sensi t iv i ty analyses based on ranges of possible values 
should be easy to implement. 



I I I L O C A L STATISTICS 

The inappropriateness of us ing a global statistic to assess pat tern across a 
large area is obvious, too much informat ion has to be encapsulated i n a single 
number. The w o r k of Ansel in referred to above is one way of responding to 
th is , though curiously th is is not the approach he adopted i n a la ter app l i ­
cat ion (O 'Lough l in et al., 1994). Pre-war Germany was divided in to six 
regions and statistics on Naz i vo t ing s trength i n the 1930 Reichstag election 
were calculated separately for each. Another recent proposal has been tha t of 
Getis and O r d (1992) who describe G statistics to assess local pat tern , i n 
par t i cu la r to ident i fy local concentrations of h i g h and low values. G was 
or ig ina l ly defined for point pat terns and is calculated for each u n i t i n d i ­
v idual ly based on a l l local points, where local is defined as w i t h i n a specified 
distance. G has since been applied to areal data too. I t s value depends, of 
course, on the def ini t ion of distance/adjacency used (as does i ts significance, 
see Ding et al., 1992). The value for point i as i n Getis and Ord is 

G i ( d ) = I w i j ( d ) x j / I x j j * i (6) 

where { w ^ } is a symmetric one/zero spatial weight m a t r i x w i t h ones for a l l 
l inks defined as being w i t h i n distance d of a given i . (The version for areal 
data obviously j u s t uses an appropr ia te { w ^ j m a t r i x . ) Note t h a t the. 
summation i n the denominator does not include Xi so tha t i t is different for 
each i . The expected value and variance of G ; are 

E ( G ; ) = 7 ^ / ^ - 1 ) (7) 

V ( G i ) = [ w i ( n - l - W i ) / { ( n - l ) 2 ( n - 2 ) } ] ( Y i 2 / Y i X

2 ) (8) 

where W ; = I w y ( d ) , Y n = I X j / ( n - l ) a n d Y i 2 = I X j

2 / ( n - l ) - Y ; i

2 . 

Al though-adjacent values of G are h igh ly correlated, each G ;(d) can be 
taken to have a n o r m a l d i s t r ibu t ion as n - » °°, provided tha t d is not too 
small (so tha t there are no neighbours) or too large (so t h a t a l l elements are 
neighbours). Getis and Ord suggest standardising the Gi's ind iv idua l ly to Z; 
and compar ing w i t h a s tandard n o r m a l d i s t r ibu t ion . A large positive Z; 
implies many large values close to i and a large negative Z ; implies many 
small values close to i . The m a i n disadvantage of G is t h a t i t is only sensible 
for a positive variable w i t h a na tu ra l or ig in . Even when these two conditions 
are satisfied i t is not clear how useful G is compared to straightforward use of 
interactive graphics. I n principle G could be used to check whether patterns 
identified by visual inspection could be taken to be non-random. I n practice G 
only checks for a l i m i t e d form of pa t te rn (for instance i t would not identify 



patterns along borders) and is univariate. More research is needed. 
Ansel in (1994) has proposed a class of local statistics, L I S A (Local I n d i ­

cators of Spatial Association), which, however, do not include the G statistics. 
These indicators are derived by decomposing global statistics (Ansel in uses 
Moran's I p r imar i ly ) in to thei r local components. 

I V SPATIAL A U T O C O R R E L A T I O N A N D I N T E R A C T I V E GRAPHICS 

I t is common i n geographical analyses to display var iable values for 
regions using chloropleth maps. These may be shaded or coloured i n a var ie ty 
of ways i n order to obtain better representations, bu t a l l versions suffer from 
the i r dependence on the classification scheme used to discretise the data and 
the i r static nature. Interact ive tools which permi t direct map in ter rogat ion 
and l i n k i n g of the map to histograms, bar charts, scatterplots and other 
statist ical displays enable a flexible exploration of the data both i n i t s geo­
graphic and statistical contexts. 

To i l lustrate , consider another I r i s h data set, albeit a more recent one t han 
Geary's. The data are the I r i s h election results for the 4 1 constituencies 
wh ich existed th rough the 1980s and early 1990s. For each constituency the 
data set includes the f i rs t preference percentage support for each of the major 
parties over the five elections of the 1980s, the f i r s t and second count per­
centages for the 1990 Presidential election which M a r y Robinson won and the 
percentage "yes" votes i n the four referenda d u r i n g the period (Divorce, 
Single European Act , Right to Life, Maastr icht) . I n the fol lowing figures the 
map has been d rawn w i t h the eleven D u b l i n constituencies ( inc luding D u n 
Laoghaire) magnif ied and placed i n the I r i s h Sea to the East of the i r t rue 
posi t ion. The in terac t ive graphics software used to analyse the data is 
REGARD ( U n w i n , 1994) which has been developed to extend the tools found 
i n software such as Data Desk, J M P and SAS Insight to spatial data. 

No t surprisingly, a l l of the polit ical results show evidence of strong spatial 
pat tern. The following table gives the values of c for a selection of them: 

As the standard error under the assumption of no rma l i ty is 0.125, a l l are 
h igh ly significant. The most significant value is for the divorce referendum 

Fianna Fa i l 1981 
Fianna Fa i l 1989 
M a r y Robinson Firs t Preferences 
Single European Act 
Maastr icht 
Divorce 

0.206 
0.430 
0.214 
0.249 
0.294 
0.117 
0.119 Right to Life 



andji t is easy to see w h y from the REGARD screen i n Figure 1. The group of 
constituencies wh ich were most favourable to the introduction of divorce have 
been selected i n the his togram and are automatically highlighted i n the map. 
They were a l l i n and around Dub l in . 
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Figure 1: Constituencies which had the Strongest Vote for Divorce in the 
Referendum of 1986 

The least significant of the values was for the Fianna Fa i l first preferences 
i n 1989. F igure 2 shows a s imi la r k i n d of picture to Figure I but w i t h rather 
less pa t te rn and w i t h the selection made from the map. I t is impor tan t to 
realise t h a t when us ing REGARD, selections may be changed direct ly by a 
mouse-click, ei ther choosing areas on the map or parts of the his togram. 
Selections are automatically l i nked to any other open display. Thus Figures 1 



and 2 are par t icular examples of many screens tha t were explored to under­
stand better w h y c is significant for these data. Whi le i t only takes a few 
seconds to r u n t h r o u g h such in teract ive analyses, i t wou ld take a large 
number of p r in ted pages to convey the same informat ion and wou ld not, of 
course, provide the same f lexibi l i ty of exploration. 

The automatic hrJr ing to other displays i n REGARD encourages a m u l t i ­
var ia te approach because of the ease w i t h which many variables may be 
considered simultaneously. (An example is shown i n the next section.) Geary 
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Figure 2: Constituencies on the West Coast and First Preference Percentages 
for Fianna Fail in 1989 



was w e l l aware of the need to look at more than one variable i n his paper but 
was l i m i t e d by the lack of any computing power. M a n y la ter researchers, 
despite hav ing considerable computing power at t he i r disposal, have s imi ­
la r ly , b u t unnecessarily, l i m i t e d themselves, c is a univar ia te measure whi le 
a l l spatial data sets are mul t ivar ia te . 

Geary h imsel f suggested one mul t ivar ia te approach. This involves i n i t i a l l y 
ignor ing the spatial component and f i t t i n g a regression or other s tat is t ical 
model to the data. Then the model residuals are examined using c to see i f a 
spatial component remains. As the results for the Divorce and Right to Life 
referenda were h ighly negatively correlated ( r=-0 .967) , (because of the way 
the questions i n the referenda were phrased), the residuals from a l inear 
model of Divorce vot ing on Right to Life vot ing were examined. The value of c 
obtained was 0.194, s t i l l h igh ly significant. Figure 3 shows the reason. I n 
other cases t h a t were examined c also proved a useful tool for assessing the 
spatial pa t te rn i n the residuals. 

I n an appendix to his paper Geary constructed "quolls" (quadratic ortho­
gonal components of la t i tude and longitude) to use i n regressions to remove 
geographic effects. This is not a convincing section as i t is ha rd to in terpre t 
the r e s u l t i n g te rms i n any useful way. Geary h i m s e l f noted t h i s and 
explained tha t he planned to calculate orthogonal components of an extended 
series of economic variables for I re land. Orthogonal components were much 
more popular i n those days because of the i r computational properties. Geary 
comments t h a t the method is very easy to apply i n practice but is dependent 
on the order of the variables, "facing the computer w i t h the problem of 
choice". I n I re land i n the early 1950s a computer was obviously s t i l l a person. 

V c A N D DISPLAYS OF DIFFERENCES 

The advantage of c lies i n i t s in te rpre ta t ion as the sum of a l l squared 
adjacent differences. Differences have a much more n a t u r a l local in te rpre­
t a t i o n t h a n products (wh ich Moran 's I uses) and th i s considerat ion is 
impor t an t i n discussing and conveying results. For c the na tura l support ing 
graphical display to use is a version of the var iogram cloud (al though th i s 
does not seem to have been suggested before), i n which squared differences 
are p lo t ted against distance (Haslet t et al., 1991). E i the r p lo t t ing may be 
restr icted to contiguous pairs or distance may be measured by the degree of 
neighbourliness (so t h a t a l l contiguous pairs are at distance 1). The la t te r 
could equally we l l be achieved by a dotplot of the contiguous differences (or 
perhaps a his togram) ignor ing the rest, bu t then the context of the other 
in fo rma t ion on differences wou ld be lost. The same applies to the version 
restricted to contiguous pairs i n which i t would be better to plot a l l points but 
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Figure 3: The Largest Negative Residuals from a Linear Regression of the 
Results of the Divorce Referendum on those of the Right to Life Referendum 

draw the contiguous pairs w i t h a different symbol for identif ication purposes. 
The key element wh ich makes the displays valuable is the ab i l i ty to l i n k 

the points i n the variogram cloud to the map. Ei ther the endpoints (or areas) 
associated w i t h par t icu lar differences may be h igh l igh ted , or, to be more 



specific, lines j o i n i n g the adjacent pairs may be highlighted. F u l l y interactive 
graphical software is s t i l l not common bu t the necessary difference calcu­
lations and point h igh l igh t ing can be accomplished w i t h a l i t t l e effort us ing 
the l i n k i n g and re la t iona l facili t ies of the Macintosh software Data Desk 
(Velleman, 1992). No map can be shown but a scatterplot of la t i tude and 
longitude can be used to provide the l i n k i n g to spatial position. Loading the 
differences in to a l ine layer i n REGARD allows l i n k i n g w i t h proper maps and 
also representation of areas as areas (stored i n a regional layer i n REGARD) 
and not as points . As is common i n GIS systems, R E G A R D allows the 
overlaying of several layers of information, i n this case a regional layer and a 
l ine layer have been used i n tandem and are l inked together. A l ine is d r awn 
between the centres of each pair of contiguous areas and the values for the 
squared differences are associated w i t h the l ine objects. 

Figure 4 shows an example i n wh ich boxplots of the squared differences 
between adjacent constituencies for the four referenda and for the support for 
M a r y Robinson i n the f i r s t count of the Presidential election have been 
drawn. The current selection is of the highest squared differences i n M a r y 
Robinson's vote. The corresponding lines have been highl ighted on the map 
and boxplots for t hem have been d r a w n on top of the boxplots for a l l 41 
constituencies. L imer ick East stands out as a constituency very different from 
the four around i t . Anyone who recalls the rise of the Progressive Democrats 
w i l l recognise the influence of thei r leader, Des O'Malley. 

I t is in te res t ing to observe tha t the vot ing patterns for the referenda are 
not the same as for the Presidential election. Fur ther analysis us ing l i nked 
scatterplots and other interactive tools of REGARD may be used to study the 
data i n more depth. Whi l e i t is clear t ha t w i t h these interact ive graphical 
tools Geary's c can be understood better, i t is also clear t h a t there is a need 
for mu l t i va r i a t e measures to complement mul t ivar ia te graphical analyses. 
Extending Geary's c to a mul t ivar ia te measure could be worthwhi le . 

V I CONCLUSION 

Geary was obviously aware of the need for tools to analyse spatial data 
f rom his ear ly w o r k on T B . His 1954 paper introduces a simple global 
s tat is t ic and investigates i t s properties. This par t of the paper has had a 
major effect because c is comprehensible and easy to understand. The rest of 
the paper has had less effect, as the methods he suggests for more sophisti­
cated analyses of spatial data are not attractive. Here he was undoubtedly 
res t r ic ted by the level of comput ing power available to h i m . Subsequent 
researchers have developed many new methods for spatial analysis, ma in ly 
heavi ly dependent on modern computing power, though none has managed 
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Figure 4: Large Differences in Support for Mary Robinson in 1990 between Adjacent 
Constituencies. (The boxplots show from left to right the distributions of first preference 

percentages for Mary Robinson and the yes vote percentages in the four referenda: 
Maastricht, the Single European Act, Divorce, Right to Life.) 



to deal successfully i n any general way w i t h the wider range of problems 
w i t h i n spa t ia l da ta and most have unnecessarily l i m i t e d themselves to 
univar ia te data. I n th is sense, Geary's c is as useful a global statistic as any­
t h i n g t h a t has been developed subsequently. The m a i n analytic advance of 
note has been the introduct ion of local statistical measures. 

In te rac t ive graphica l tools, such as are available for spat ia l data i n 
R E G A R D , 1 improve analysts' ab i l i t y to understand and in terpre t spatial 
statistics enormously. Their emphasis on the mul t ivar ia te nature of the data 
represents a major advance, bu t there is always the r i sk of unwar ran ted 
conclusions being d r a w n due to the seductive nature of attractive graphical 
displays. Stat is t ical tools are essential for assessing results obtained visually 
and Geary's cont igui ty ra t io , c, is a valuable tool for this purpose. W i t h the 
increasing application of the new tools of interactive graphics, c may yet gain 
i n importance. 
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