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he tahle of numbers or statistics is such a common way to organize infor-

mation that we scarcely il ever think about its significance. Tables are
used to organize information about states from the decennial census, to report the
comparative performance of national cconomies, to summarize the performance of in-
dividual schools in a state, and for a host of other purposes. In most cases a simple
convention will have been followed in preparing the table (Nicol and Pexman 1999).
The rows of the table will represent the instances, objects, or cases whose attributes are
being reported, and all such objects will be drawn from a homogeneous class, such as
countics, states, or nations. Each column of the table represents one ol the attributes,
allowing the reader to make comparisons by running the eye up or down a column or
by computing statistics such as column means. In all of the instances just listed the
objects happen to be geographic, in the sense that they occupy distinet locations on
the carth’s surface; in the casc of the census these ohjects might range from regions to
stales, counties, municipalities, census tracts, or block groups.

Tables succeed in organizing information for casy comparison and for analysis in
spreadsheets or statistical packages, but they do so by largely ignoring one particular
properly of each object: its geographic location. A table of U.S. states ordered alpha-
betically, for example, places Alabama at the top and Wyoming at the bottom, and in
only two instances (Florida and Georgia, [llinois and Indiana) do states that are adja-
cent geographically appear in adjacent rows in the table. In effect, the table discards
any importance that one might attach to geographic location: do states that are near
each other geographically tend to share common propertics, and do such tendencies
contribute greater insight into the processes at work on the landscape: or are there
instances ol states whose attributes are out of line with those of neighboring states?
The Census Bureau oflen addresses this issue by ordering tables by region, so that



all states in New Lngland oceur together in the table, o example, with cacli region
states ordered alphabetically within region. But, while this allows for easy comparison
within regions and serves to link the contents of the table to whatever else the reader
happens to know about New England, it still allows neighboring states to appear [ar
apart in the table, if they happen to lie in dilferent regions; and it can place states tha
are in the same region next to cach other, although they are far apart in space. Clearly
it is impossible to order states such that proximity in the table fully captures relative
geographic proximity, or a state’s geographic context (Abel and Mark 1990).

At another level, one might ask whether states are actually the appropriate units
for reporting statistics. Of course. one can use larger units that are aggregations of
states, such as regions or nations, or sntaller units that themselves aggregalte to states,
such as countics, but the larger question is whether any of the standard reporting units

are optimal—whether some quite different way of dividing the United States mighi
lead to greater insight. For example, metropolitan regions requently cross the state
boundaries that were drawn somewhat arbitrarily many years ago, and yet are much
less than the aggregations of their respective states (c.g.. the New York or Kansas City
metropolitan regions). States also vary vastly in arca, Irom the more than 1.5 million
sq km of Alaska to the 3,144 sq km of Rhode Island, confusing any elfort to link
state-level analysis with processes operating on the landscape over particular ranges
of distances, Perhaps the geographic world is better seen as continuous. with reporting
zone boundaries somewhat arbitrarily imposed on it

But does this matter, or are geographic location and context irrelevant? Clearly ge-
ographic location is important for many purposes, such as waylinding, but is it impor
tant for the purposes of social science, which is the focus of this book? Social science
addresses a multitude of domains, using a wide range of methods, bul in essence its
purposes boil down to three:

o Understanding and explanation of human behavior, and processes involving humans
and their actions;

« Prediction ol such behaviors and processes, for purposes of planning or commerce:

« Solution of problems that face sociely. and can be alleviated through knowledge of
human behavior,

This book is about the role of space, geographic location, and related concepts in
such tasks. It rests on two related assertions. which will be addressed in detail in subse-
quent sections ol this introduction and exemplified in the studics that are described by
the book’s contributors. First, location (and more generally space) is important and can
contribute substantially 1o all three of the objectives identified above. Second. location
1e various social

and space provide a powerful mechanism [or integrating the efforts of't
sciences. Multidisciplinary efforts are increasingly important in pursuing the objectives
of social science and in understanding the coupling of social and physical processes
on the landscape. We argue in the third section ol this introduction that space provides
one of the few, and perhaps the only basis for such integration.

These are the arguments that we made in our successful proposal to the National
Science Foundation that led to the establishment in 1999 of the Center for Spatially
Integrated Social Science (CSISS) within the National Center for Geographic Informa-
tion and Analysis at the University of California, Santa Barbara (see htp://CSISS.org).
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[n the fourth section of this introduction, we briefly review CSISS and expand on our
purposes in putting together this book.

Although the focus of this book is on the role of space, many of the points made here
can equally well be made about time, or the combination of space and time (Peuquet
2002). For many purposes, spatial should be read as shorthand for spatiotemporal,
especially for dynamic phenomena.

The Importance of Space

In this seclion, we present three arguments for the importance of space as a source of
insight and understanding and as a basis for prediction and the solution of problems.
We do not suggest that the set of three is exhaustive—rather, it seems likely that other
arsuments can also be made. The discussion expands on the arguments presented by
Goodchild etal. (2000). It is followed by a short introduction to geographic information
systems (GIS), and their impacts on the social sciences.

Spatial Analysis

The terms spatial analysis or spatial data analvsis suggest an emphasis on location
in the conduct of analysis or, more formally, suggest that results of analysis using any
of the techniques falling into this category are dependent in some way on the locations
ol the objects being analyzed—if the locations change, the results change. Spatial anal-
ysis examines datain cross-section, as opposed (o longitudinal analysis, or the analysis
ol temporal series. The decennial snapshots provided by the census are a prominent ex-
ample ol cross-sectional data, because each snapshot provides a picture of the nation’s
population at one specific date. Successive snapshots can, in principle, be assemb

ed
to provide longitudinal series. but the long time intervals between census years and the
tendency for the definitions of variables and reporting zones 1o change makes this a
challenging task. Nevertheless, the National Historic GIS project at the University ol
Minnesota is attempting to build a Web-based resource that will make this possible for
the entire period since the first U.S. census (see hitp:/www.nhgis.org).

Despite such efforts, however, social scientists must lace the fact that cross-sectional
t[fll;i of relevance to social science are much easier to acquire than longitudinal data.
Yet the processes that social scientists study occur in time and reveal their effects in
L.‘h.'.lllé.‘_L'S on the landscape. How can the study or analysis of data in cross section lead
10 nsights into behavioral processes—or more broadly, how can spatial analysis lead
1 scientific understanding in social science? This theme is explored in detail in many
chapters of this book: in Chapter 12, for example, Sweeney and Feser discuss our Llhi]il;f
to understand business processes from cross-sectional data. .

The techniques of spatial analysis address the issue that opened this chapter; the
loss of spatial context when cross-sectional information is displayed in the form of
[lilhll_‘!\'. Suppose, for example, that the same information on comparative performance
‘f‘ national economies. or percentage of home ownership by state, were displayed in the
|Hll‘m of a map rather than as a table. In this form it is easy to compare each state’s level
of home ownership to those of its neighbors, to identify anomalies in the form of states
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whose levels are out of line with those of their neighbors, and to compare the patterns
seen in the map with prior knowledge of each state’s characteristics and those of its
neighbors. In essence, the creation of a map is a very simple and intuitive form of spatial
analysis or, perhaps more correctly, a way of empowering the human eye and brain to
perform intuitive spatial analysis. Just as with any form of information presentation,

it is subject to manipulation by the map designer, through the inappropriate choice of

colors and class intervals (see. c.g.. Monmonier 1991): and by insisting on planimetric
accuracy, maps tend to overemphasize large states and may make small states almost
impossible to see (though carfograms provide an interesting way ol adjusting visual
emphasis (Dorling 1995).

A multitude of more ¢laborate Torms of spatial analysis have been described in
the past few decades, and several excellent texts provide surveys. Bailey and Gatrell
(1995) organize their review by data type, providing surveys ol techniques suited for
the analysis of data based on (1) point observations, such as records ol crime locations;
(2) aggregations by reporting zones, such as the summary data produced by the census;
and (3) interactions between reporting zones. such as data on migrations, trade flows,
or commuting patterns. The survey by Fotheringham et al. (2000) is one of the most
recent, and includes many techniques developed in the past decade for place-based
analysis (see the next section). Mitchell (1999) provides an intuitive survey that is most
helpful as a key to understanding the role of GIS in spatial analysis.

Spatial analysis can play important roles in both inductive and deductive approaches
lo science. In an inductive context, the display of data in spatial context may reveal
patterns and anomalics and suggest processes that might account for them. The story
of John Snow’s use of a map to reinforce the notion that drinking water from a pump

in London might have been the cause of an outbreak of cholera in 1854 remains one of

the most compelling instances ol inference from data viewed in cross section (Gilbert
1958; Goodchild 1992; Tufte 1983). The map clearly shows a clustering ol cholera
cases around the pump, reflecting the tendency for people to draw water [rom the
nearesl available source (Figure 1.1). Since then, many other potential causes of dis-
ease have been investigated as a result of similar observations of anomalous clustering
in cross-sectional data, suggesting causal mechanisms associated with residential or
workplace locations that are in turn rellected in georelerenced mortality or morbidity
records, Clustering is also the focus of Chapter 6, in which Logan and Zhang exam-
inc the varying character ol ethnic neighborhoods in contemporary Los Angeles. and
of Chapter 19, where Weeks describes the role of clustering in understanding demo-
araphic processes. In Chapter 18, Gatrell and Rigby review the role ol spatial perspec-
tives in many arcas ol public health, from epidemiology to health care service delivery.

Cross-sectional data can also be used to test existing theories and principles. in
an approach that is more deductive than inductive. But here one must confront an
important principle: that the same spatial pattern can be produced by a range of dil-
ferent processes—in other words, that there is no 1:1 correspondence between pro-
cess through time and pattern in space. For example, even Snow’s simple symmetrical
clustering of cholera cases around the Broad Street pump could have been caused by
contagion, the popular hypothesis for cholera transmission at the time, if the original
carrier had also been located in Broad Street, given the tendency for social networks to
cluster in space. The principle of Occam’s razor might be invoked to justify adopting
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Figure 1.1. The map made by Dr. John Snow of the incidence of cholera during an outbreak
in the Soho district of London in 1854, The contaminated water pump is to the right of the D in
Broad Street. Snow’s map first appeared in his On the Mode of Communication of Cholera, 2nd
Edition, much Enlarged (London: John Churchill. 1853); it is included in Snow on Cholera,
being a reprint of two papers by John Snow, M.D. (New York: The Commonwealth Fund:
Oxford University Press, 1936) and is reproduced here from Gilbert (1958, 174).

the simpler drinking water hypothesis, but although this is amply justified by scientilic
practice, it scems a weak argument in the circumstances. Snow himself was able to
have the pump handle removed and to observe the consequent effect on the outbreak,
but today few social scientists can enjoy the luxury of such a controlled experiment
on a human population. Thus, spatial pattern and spatial analysis can rarely il ever be
used to confirm theories. though they can certainly be used to deny [alse ones and o

Justity controlled experiments or longitudinal analysis where these are possible.

IIn summary, spatial analysis is perhaps best seen as an exploratory technique. more
Suitable for the generation of hypotheses and insights than to strict confirmation of
theory (a process ably illustrated by Kantner in Chapter 16 in his efforts to recon-
Struct past behavior from the evidence of prehistoric roadways). As such, however, its
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presentation of data in visual form. its use of spatial context, and the power of the eye
and brain to detect patterns and anomalies and to recall other information aboul places
[rom memory form a potent environment for scientific understanding, as the authors
demonstrate in several of the chapters of this book.

Recently, much technical progress has been made in taking advantage ol the capa-
bilities of modern computing environments (o go well beyond what has traditionally
been possible with data displayed in the form ol maps, and the application of routine
and somewhat mechanical methods of spatial analysis. In Chapter 3, Kwan and Lee
use G1S-based tools to visualize individual behavior in space and time, using the capa-
bilities ol software to generate dynamic. three-dimensional displays ol vast amounts
of data. Such methods can reveal patterns and anomalics in behavior that might never
be evident in more conventional two-dimensional mapping. Exploratory spatial data
analysis (ESDA) builds on the broad success of exploratory data analysis (EDA), a
trend toward a more interactive and visual approach Lo statistical analysis initiated by
Tukey and others in statistics in the 1970s (Tukey 1977). ESDA research has explored
several distinct avenues that are variously unique to spatial data. Anselin (1999) em-
phasizes the importance of spatial autocorrelation, or the tendency for observations
for “locational similarity

that are ncar each other in space to have similar ralues
matched by value similarity.” In Chapter 7. Messner and Anselin demonstrate the use
of the concept in understanding patterns of homicide. Others have pursued the idea of
linked windows. In this approach, several distinct views ol a data set are presented o
the observer simultaneously in a series ol windows. with dynamic linkages between
them. For example, a data set might be displayed as a map, a table, a histogram of
one variable, and a scatterplot of two variables. Pointing to an observation or group of
observations in one window automatically causes the corresponding observations to be
highlighted in other windows. Thus, one can highlight the outliers from the main trend

in a scatterplot and observe their locations on a map.

Place-Based Analysis

Generalization is a cornerstone of the scientilic method. and there is much greater inter-
est in discovering things that are generally true than things that are true only at certain
times or in certain places, This nomothetic approach to science has obvious value in
such disciplines as physics and chemistry, where scientific truths. such as chemical
reactions and the laws of motion, have an absolute validity. But in the social sciences
there is no realistic prospect of discovering such absolute truths about human behavior:
as the nuclear physicist Sir Ernest Rutherford is reputed’ to have said or written, “The
only possible conclusion the social sciences can draw is: some do, some don’t.” One
might dream of a model of human behavior that accounts for all variance (R? = 1),
but in reality, rejection of the null hypothesis that the model accounts for no variance
is more often the basis for claims of progress.

If a model fits imperfectly, then it 1s reasonable to expect that its residuals will
show geographic patterns, and perhaps that the model will fit better (residual variation
will be smaller) in some areas than others—in other words, it will exhibit spatial non-
stationarity. If so. then the results obtained from an analysis over any limited study

area will depend explicitly on the hounds of the study area, and will be different if
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the study area is changed. It is common, when analyzing cross-sectional data, to make
maps of residuals, hoping that spatial context will suggest factors that might explain
the residual variation and improve the model’s fit, One might observe, for example. that
residuals were uncommonly high in certain parts of a city or in certain states, and prior
knowledge of those arcas, or maps of other factors, might suggest maodilications to the
model. But these arguments lie firmly within the nomothetic tradition: the purpose of
analysis is to discover universal truths.

By contrast. the idiographic approach secks to identify and record the unique prop-
erties of places. The elfort may still be scientific, in the sense that results are repro-
ducible and described in terms whose meanings are widely understood, but general-
ization is much less important as a motivation. A follower of the idiographic a}npmach
might become an expert in some particular area of the earth’s surface, and his or her
students might become experts in parts of that arca. in a potentially infinite regress.
The debate between nomothetic and idiographic approaches to the discipline of geog-
raphy peaked in the 1950s (Johnston 1991), and remains an important LiimcnsiBn (H1I“
the discipline’s methodological tensions.

Recently, however, a middle position has emerged that adds a new stimulus to the
debate. Place-based or local analysis (Fotheringham and Brunsdon 1999) attempts o
identify the properties that distinguish places, within the context provided by a general
framework. Consider, for example, the technique of geographically \\'e:’:'qii}cfrf i‘.'E’S-;?'(f.\'-
sion (GWR) developed by Fotheringham and his group at the L..’nivérsily Lni' NL:Wi:‘al.\'.ll[:
I(Brunscl::\n et al. 1999; Fotheringham et al. 1998, 2000). Suppose a simple linear model
is to be fitted to data from geographically dispersed observations. Normally, one would
use L)rd_i nary least squares. maximum likelihood. or some other suitable criterion 1o ob-
tain a single set of estimates of the universal parameters of the model. Suppose, instead,
that observations are weighted, using weights that are inversely related to distance from
Sl)]'rlC‘ChOSL‘.II location. The fitted parameters of the model will now be dependent on the
location ‘ch::mcn and will vary as the regression is recentered on different locations. By
recentering the regression many times., one can build up a complete map ol the spalliah
vartation of the parameter estimates, which can now be interpreted based on spatial
context and known characleristics of the study area. "

'.\-1u'n}.-' other methods of local analysis have been developed in the past few years.
An'sl‘:]m s Local Indicators of Spatial Association (LISA; Anselin 1995) Llecm{]pn;c
:;:LI]\‘;:IHI I::]L[:‘l‘:::lt::}][:1[1CIL:I11mlo L{)Ldl nlwasurcs;. allowing nulwh 1nmrc detailed and
elml;.lc. measures ¢I11iHlmlial-f}L:lLt?cS:']..ml-l[]‘m app%i\r ,UTCSC mul.]md_q i Chaptey ). Fn‘:r‘cx-
o . ki nLHC_I_LtI ]rr:. :lmltl}I:);‘\L[i(,‘],._1‘8.:\1(1['c.ll‘]r s 1 can hlc tiu_,‘[31111pc)5L'.nl mto

e upplv.m.c;c m._hni . ans | LIL.,IL:L.I.II?:S_E lur.,.a] .m_onu_lllc;&_(ln Chapter | [
W 0o, dc‘%rih.‘. | L ' .q,“:s E(_),z_mald\-zt S(]L‘tLl]\ c..\clelnn 1In ._",mj Paulo). Geus
Chapter e .S\;Cen.\.r ‘“]L]L,FC()‘L:T }-' Lirltfft.ti Tl}%-.asurcﬁ ol c]luxlcﬂ‘ng in point patterns. In
e Jdi‘.‘. - .laufpl (?\- I(; :1 1hltlnuu§:_h c\-':dlu:tlmn of measures for assessing

- e : .\-I, d ‘U ITI.;T].'I.LI _gln.llm ing fll‘llﬂ.‘{ in Los Angeles and Atlanta,

4 ”]&,:1[::,\{1:‘,.;,51‘:\(,11mdl\;&.ls [‘uln.:s.on_u stmpic‘ cxpec'miinn: that any model or
dcgc[-{[w.‘\ mm.lhlnam..: ii‘nt,t_l.ﬂt‘\\-l I.. |Idll‘l(.1 account ]}Ci‘telcll.\_' for the phenomena that it
slauinm,-;{\, - mtig i‘ .L_]u% 1”L EII‘LU}III‘.‘sEdI]LCjS ph.enmncnu will almost cttrm'mly exhibit non-
slauim;“-“;‘,h.m h\\ :*icwullsc‘ then more will hL learned by exploring patterns of non-

v than by averaging them within a universal model or analytic technique. As
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in the previous section. space provides the necessary link to other potentially interesting
factors and 1o the context ol observations.

Spatially Explicit Models and Theory

A model is said to be spatially explicit when it differentiates behaviors and predictions
according to spatial location. Consider a model that atlempts to predict the behavior
of the U.S. economy. If the model lumps all aspects of the economy together without
respect to location, assuming in effect that there is perfect communication between
all regions ol the United States, then its predictions similarly apply uniformly to the
entire country, But the model would acquire some degree of spatial explicitness il il
regarded the economy as a system of regional economies, with processes coupling the
dilferent regional parts together, and if it predicted distinet outcomes in each region.
Regions could be hroken down into constituent states; states might he broken down nto
counties: and the number of spatial components of the economy might be progressively
increased to a very large number. In the limit, the economy might be modeled as a
collection of aclors mMoving across continuous space. rather than confined to lumped
geographic areas.

This same continuum from one, o a few lumps, to a continuum underlies the models
that are increasingly used to predict the behavior of large systems, in disciplines rang-
ing from economics 0 communications, hydrology. ccology. and even physics. The
ficld of geocomputation (Atkinson and Martin 2000; Longley ct al. 1998; Openshaw
and Abrahart 2000) specializes in spatially explicit models that make use of high-
speed computation to simulate future outcomes on the carth’s surface. Such models
have been developed for the behavior of individuals in crowds (Haklay et al. 2001);
[or the impacts of human decisions on land use (White et al. in Chapter 21; Clarke ¢l
al. 1997, h1ip:N\J\-‘\x-'w,cipec.t)]'g;’a‘cscarcm’hiocmnplcxilyf}; and for many other spatially
distributed social phenomena. In Chapter 4. Benenson shows how a spatially explicit
model of agent behavior can be used Lo gain insights into processes ol residential seg-

regation. In Chapter 5. O Sullivan examines broader issues of agent-based modeling.
including data requirements and model validation.

A spatially explicit theory might be defined as a theory whose outcomes depend on
the locations of the objects that are the focus of the theory. Tt follows that one or more
spatial concepts, such as distance, location, connectivity, adjacency. or direction, must
appear in the theory. A good example is the spatial interaction model, a basis lor pre-
dicting migration, communication, or travel hetween places over space {Fotheringham
and O Kelly 1989: Haynes and Fotheringham 1984) that has several theoretical roots.
The quantity ol interaction is modeled as the product of an origin factor or tendency
(o generate interaction, such as population: a destination factor or tendency to attract
interaction, such as the number of job opportunities: and a factor that is a decreasing
function of the spatial separation between origin and destination.

One of the significant attractions of space as a basis for modeling stems from the
means used 10 assess a model’s success. Consider, for example, the use of a spatially
explicit model to predict the evolution of land use inan area, as aresult ol urban growth.
The model will make use of spatially explicit starting conditions, such as the exist-

ing state of urbanization at the beginning of the modeled period, the availability ol
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developable land. and proximily to existing transportation infrastructure. Included in
the model’s algorithm are random components, designed to produce a range ol out-
comes in the form of future patterns of development. None of these outcomes can be
reasonably expected to match the actual [uture pattern of land use. raising the question
of how the model can be validated. Typically, success is measured h\-'glhc degree 1o
which the gross spatial characteristics of the outcome malch actual pa‘tl[crns—iﬂ terms
of the degree of fragmentation of urban land use or the degree of dispersion around
urban centers and infrastructure.

[n summary, space is important in modeling and theory because it accounts [or the
effects of separation and imperfect communication between parts of a social system;
because 1t a ]

lows the modeler to include the impact of heterogencous spaces on model
outcomes: and because the spatial properties of predictions are an important basis for
assessment of model success. But although space is important, it is not at all clear
that space can actually explain, or whether the spatial concepts that appear in a spa-
tially explicit theory are not merely surrogates for something else (Harvey 1969: Qal.'uk
1972). IF(n' example, the distance term that appears in the -H]leiil! inlcrazlclin'm. r.nlmh:l
can be interpreted as measuring the costs of transportation that ultimately accounl. for
d%‘crcnxing interaction with distance, or as reflecting the correlation that C;(ih‘l!\' hciwcc;n
distance and human communication (this issue of the relationship between ;mcizll in-
teraction and space is the focus of Chapter 10, where Eagles et al. examine Il-w spatial
structure of political networks, and of Chapter 20, where Guldmann describes |Inndctls'
t'}li ll?LC]'llitliflI]ﬂ] telecommunication {lows). The information-theoretic ha.sis fml' the s 1'1.—
ll‘LI| interaction model popularized by Wilson (1970) ascribes a rather different I'[!ilf ;0
d?.\'luncu. arguing that the model represents merely the most likely allocation of trips

glvcn knowledge of the average or total distance traveled, but &'ll‘ni]] this can hardl lh
interpreted as using distance Lo explain inleraction. s

Geographic Information Systems

Al lL.!‘\l some of 1I1_c current interest in space in social science, and in other areas of
IS;:LLIILKJL:,hi:ilL:i::I ':N;ﬂl_,l,hcl-c_m-[l-l.l,f et:urfacc. has 1o do wiLlll ll.w emergence over the past
i . m..lm.;[“iz: (}[‘ 'S-(]rm:n-e knlmx-jn as gcr_uglrnphlc information systems (GIS).
i lh_.m i I;_;).I]1.i]:)l :.,0 lf\-tuL:..ihm one owes its success in part to the economics
(11'inl'm-mmim;‘ e C%CLiﬁll: ng t].(:!{]}])l‘l.lt‘,‘]' fll]llclml‘]_ﬂ ll_m[ operate on a particular class
o g(,ﬁW:{-c ?[‘LUE-I[L'ID 11‘(, mE(_‘n nlmn(m, S_mlnlar scale-economies obtain for
tions operating nm di“i[‘r\l ['lhliﬂ-t} “;"-“ o d].g”.i”,wxu orspreadshedts (Aume:
e :q '“.11-“5“,;[- { et% £ lllli)l.lgh geographic information seems particularly
i L.]..m.[mn di(,;l..ulnld )Oul |Jhc'11mnm?m on !Ihc.‘cm'lh's surface, the large number
. |1;1[-["lu]1.dt-]\.- mn;lei Cd. rept t,.h_(,’nlau.nnslnl su-fh information has ensured that GIS is
areas ranoing |‘1‘E:m| |‘c§m”{-“.1..lpu‘m. application. l\c\-w;lrllwlcs.ﬂ; it has become popular, in
. Ul,m-i;{i(_};\. ” Umi.w ! ‘;.,L., 117;1]?::@_&!‘[]6111 to marketing, and [rom academic research to
e .u[ e dgg( 1Inp‘cmu,sl. Lung‘IC}-' et :.EI. (_2()(')1 ) provide an introductory text,
science QI’Piicmtin.nq o l?ec\l:i;(\.:‘wj!?]Iehens:\-'le review ul‘ the state ol the GIS art. Social
o []9%;. ed in many of the major texts, and particularly in the

‘.,j mao i k. = ‘ i .
Crl (_J[. contains fl ncti : [ €d i isiti £ 2e
& OIS | 1) 2 CIee > ] >diti £
e § ] 1 (8] 1| € crealion, acq Ll]S]“U", L,LI]LI] o.oandad s (\I'{l:"
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of geographic information; for query, analysis, and modeling; and for visual display,
report generation, and other forms of output. It supports geographic features repre-
sented as points, lines, or areas, defining their locations with the use of coordinates in
so-called vector representations, and also continuous geographic variation over regular
grids known as rasters. It supports the easy integration of tabular data with represen-
tations ol reporting zone boundaries and thus, the preparation of maps and other more
sophisticated lorms of data display, such as ESDA.

GIS is grounded in geographic space and treats the boundaries of reporting zones as
features superimposed on the geographic continuum. Standard tools allow data from
neighboring zones Lo be compared and aggregated, and areal interpolation tools allow
statistics for ane set of reporting zones to be estimated from known values for a second,
incompatible set of reporting zones (Goodchild et al. 1993). Openshaw (1983) and
others have explored the importance of reporting zone boundaries in conditioning what
can be learned about social processes, a theme that is explored further by Sampson and
Morenoll in Chapter § and by Rey in Chapter 14.

GIS has made tools for mapping and many of the methods of spatial analysis read-
ily accessible 1o researchers. GIS courses and programs are now taught on almost all
universily campuses. in community colleges, and even in high schools, and courses
and programs are readily available over the World Wide Web. In effect, a GIS is 10
spatial social science as a word processor is to writing, or a statistics package is to
statistical analysis—an indispensable modern tool for working with a particular type
of information. Some of the reasons for the popularity of GIS are explored in the nexi
section, on the role of space in the integration ol data, processes, and disciplines.

Space as a Basis for Integration

A necophyte’s first view ol GIS is often ol some version of the laver-cake model, a
representation of phenomena on the earth’s surface as a series of layers, each layer
representing a distinet variable or class of phenomena. The model graces the cover of
several introductory GIS texts (c.g., Star and Estes 1990), and its roots extend back
several centuries. McHarg (1969) was influential in promoting the model as a basis lor
landscape architecture and other design disciplines, arguing that one could represent
the factors impacting a development, or impacted by it, as a series of transparent layers,
with the strongest impact corresponding to the greatest opaqueness; by overlaying the
layers, one could visualize the locations ol least total impact.

McHarg's concept received a massive boost with the advent of GIS, since the tools
to perform the necessary redrafting of maps onto transparencies, reclassification into
measures of impact, registration ol layers to a common base. and if necessary trans-
formation to a common projection could all be handled casily by standard functions.
The layer-cake thus became an important icon of the ability of GIS to integrate data
on dilferent topics from different sources, and 1o support the investigation ol spatial
correlations and spatial context. Users could casily compare one layer to another, com-

bining information on environmental pollution with the eth nicity of neighborhoods, or

rates of disease. Today, it is possible to use standard interfaces between GIS software
and the Internet (c.g.. the Geography Network, http://www.geographynetwork.com).
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h1[]:;,‘h\'\a'\»;;|Ic_\zmdrj a.ucsh.edu, http://www.lgdc.gov/clearinghouse/) 1o im‘egrulc. vi-
sualize. and analyze data about virtually any location on the planet, at spatial resolu-
{ions ranging down to 1 m.

The role of space as a mechanism of integration appears (o be unique: although one

might imagine integrating information based on time, it makes much more sense o
inteerale data about a historic period specifically for some geographic location. than

for all locations. For example, there would be much more interest in all information
ahout filteenth-century Paris than about the fifteenth century anywhere: but someone
researching contemporary Paris might well be interested in information about Paris
in carlier periods. In essence, we argue Lhat space trumps time alone as a basis for
integration, but space and time trump space.

Recently. the idea of using space to integrate information has been extended beyond
digital maps and images to any information that can be related to the earth’s surface—in
other words, information with a geographic footprini. The traditional library has relied
on author, title. and subject as the keys to its catalog. Although one might imagine using
geographic location as a key, the technical dilficultics associated with doing so in a tra-
ditional library are profound. But they are comparatively trivial in a digital library, and
several Web sites now support scarch ol their information archives using geographic
location as a primary key. One can, for example. search the site of the Environmen-
tal Protection Agency (http://www.epa.gov) for all information related (o a particular
arca. such as a ZIP code. A geolibrary (NRC 1999) is delined as a digital library that is
searchable by geographic location, returning maps, images, reports, photographs, and
even picces of music identified with a particular location.

But the integration argument can be extended lurther. The behavior of human soci-
eties is best understood in terms of distinct processes—economic, political, or social
that are studied somewhat in isolation by dilferent disciplines (economics. political
science, and sociology respectively). Although researchers pursue knowledge that is
general, the implications of that knowledge are felt locally, in the particular circum-
stances of specific locations. In the development of local policy, the reductionist ap-
proach that allocates processes 1o dilferent disciplines is counterproductive, since it

encourages social policies that ignore economics, and economic policies that ignore
politics. Just as space provides an integrating mechanism for data, then, we argue that
Space can provide an integrating mechanism for the social sciences and a mechanism
10_|‘ linking science (o policy. In Chapter 2. Boucek and Moran show the importance
ol this principle in their studies of land cover changes in Brazil and Thailand, where a
I\]Williil“}' explicit landscape proves to be the essential key (o unraveling and understand-
g the complex interactions of social and physical processes. And in a very different
context, Shen in Chapter 13 shows the value of space as an integrating mechanism for
1'L'N_L‘-'In'_uh on urban transportation and communication.

I'his concept is aptly captured in the design ol GIS. Essentially, a GIS consists of
WO components: the database, representing the conditions on the earth’s surlace in
the studied area; and the functions, algorithms, methods, models, and database design
that are largely independent of location, in the sense that they could potentially he
applied to data from anywhere. The database is thus idiographic and specilic to the
studied area, while the other components ol the system are nomothetic, representing

ge

neral procedures and scientific knowledge. Thus the GIS is a potential key to linkine
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science to local policy—both a Lool for scientific discovery and a means for delivering
discovered scientific knowledge in local areas. Bradshaw and Muller use two examples
in Chapter 15 to demonstrate this principle.

Toward Spatially Integrated Social Science

The previous two scctions outlined the arguments for space as important in social sci-
ence, and as a basis [or integrating the work of social science disciplines and delivering
that work in practical contexts, As we noted carlier, these are the arguments we used in
founding the Center for Spatially Integrated Social Science (CSISS) at the University
ol California, Santa Barbara. This section outlines the work of the center, and its role
in this book.

In the physical sciences. the concept of research infrastructure has a long and suc-
cesslul history. Systems like the Hubble Telescope are extremely expensive, and can
only be justified if designed to serve the needs of many different scientific experiments,
by many different research groups. Just as insurance companies spread risk over large
groups of insured, so such infrastructure projects spread their costs over large rescarch
communities. But the concept of rescarch infrastructure has never penetrated the social
sciences to the same degree, except in the case of large surveys and large data archives,
in part because infrastructure is oo strongly associated with large items ol equipment.
But computational tools, research skills, and the publication system are also arguably
research infrastructure, and the costs of the investments they represent are spread over
large communities, even in the social sciences. We argued in the CSISS proposal that,
because spatial methods are relevant to many social scientists, investments in learning
about them, automating them in computational tools. and sharing success with them
could legitimately be regarded as research infrastructure.

Funding for CSISS began in October 1999, with an initial five-year commitment
by the National Science Foundation. The CSISS mission “recognizes the growing sig-
nificance of space, spatiality, location, and place in social science rescarch. It sceks
to develop unrestricted access to tools and perspectives that will advance the spatial
analytic capabilities ol rescarchers throughout the social sciences.” CSISS has since
developed seven programs, all aimed al facilitating the use of spatial perspectives in

the social sciences:

« A program of national workshops, offered each summer for one-week periods to young
researchers in the social sciences, and focusing on GIS. mapping, spatial analysis. and
related topics;

Specialist meetings, which bring together senior researchers interested in major themes
in the social sciences, such as spatial equity, to identify needed investments in infras-

tructure to support research in the theme:
» A virtual community ol scholars interested in spatial perspectives, with Web resources
that include search engines and bibliographies:
A program to enhance the computational tools available for GIS and spatial analysis, be-
ing conducted at the University of Hlinois at Urbana-Champaign under the directorship

of Luc Anselin:
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. Efforts to develop facilities for searching social science data archives based on geo-
g;-;lphic location:

« A collection of learning resources. and pointers from the CSISS Web sile to other re-
cources aimed at facilitating a spatial perspective:

« A program to encourage best practices in spatially integrated social science.

This book is the most important outcome of the last of these programs, and in the next

section we describe our objectives and the process used to assemble the book.

Objectives of the Book

Our objective in assembling this book has been to illustrate the application ol spatial
perspectives across the breadth of the social sciences, without respect to discipline,
and by doing so to encourage others to follow similar paths, to improve on them, and
to apply them in new areas. The objective is thus fully consistent with our theme of
spatially integrated social science. The term “best practices™ is controversial and mis-
leading. but it does convey the notion of leading by example and reflects our attempt
to identify leaders in the application of spatial perspectives in different disciplines and
subdisciplines.

We used a fairly complex process to assemble the book. We began by searching
the social science literature and citation indices to find publications that used spatial
pcrspccli\'cs and that were frequently cited—in other words, publications that were
in some sense seminal or groundbreaking. From this analysis, we selected a tentative
group of authors and commissioned them to write to the theme of the book. with an
emphasis on the process of science, from problem formulation to generalizable con-
i:l_u_si(sn.u. We deliberately allowed the subject matter to span the range from largely cm-
pirical studies, to surveys of studies, to more theoretical contributions. hoping I[JL‘]'L‘h}-’
to represent the range of research styles in the social scicnces, We also ullch_m-'ed the
chapters 1o range from the very intuitive to the conceptually complex, again reflecting
the range of practice. We reviewed and edited the dralts, striving for a consistent sl\-'i::
and adherence to the objectives. - J

.‘ruuh a diverse collection of material might be organized in any number of wavs.
ltdL 1reflecting one dimension of the range of material. After much debate we decided
O USE A Cross-cutli r L7

18¢ & cross-cutting theme that speaks directly (o the spatial focus and our desire 1o

blur the daries of the discipli i i
e the ]hnlaumlal ies of the disciplines: the spatial resolution of the project, from the local
v the global, e n

£t II'U study the individual from a spatial perspective one needs sufficient
fp.m;tl r'cx_nlutum to identify the individual, which means on the order of 1 m: while to
::M\ \1!'1c lﬂ[L.‘I'[lL.‘lit?]]S between large aggregates, such as nations. a spatial resolution as
“.\:1::;;-]\ \-]l(:it::l\.-nlug?-l bc :iduguu%&:j {"')[‘ course, few i_i' any stu.diulm in the social sciences
i u-]umj ”.” IlTI]l'J notions of spatial resolution. preferring to work with units

es, which ma

: y vary by as much as a factor of several hundred in lincar

imensi i o et g oaneiy ;

o sion in the United States (between a Virginia city-county and San Bernardino

ounty, [or ex: ) . ; L iy

Cenlio] lor example), and in Chapter 17 Daly and Lock demonstrate the value of an
Pheitly multi-scale approach in spatial archaeology. Nevertheless, there are clear

differences ; v N
¢s between studie fididirnte neiahibed PN SN, -
Tt studies of individuals, neighborhoods, cities, regions. and nations

ted in distinet methodologies and theoretical frameworks,
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The book is structured as a series of sections, each containing chapters using a sim-
ilar level of spatial resolution, and each beginning with an introduction that explains
the relationship between the chapters and between the section and the rest of the book.
The book is not intended to be read from cover to cover, though we would ol course
be very happy il some chose to do that. Rather, we hope the book will be mined for
examples, parallels, analogies. and other aids to lateral thinking about rescarch in the
social sciences. As such, we hope we have contributed to the development of research
infrastructure and to the growing importance ol space in the social sciences.

Note

1. Although it is frequently cited, we have been unable to find a documented source ol this

comment.
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