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The devel opnent of conputer graphics technol ogy has
fostered a new paradigmin cartography. This advancenent
enabl ed the energence of analytical cartography and
geographi ¢ visualization, wherein nmap desi gners now
engage in the use of cartographic displays for the
anal ysis of spatial phenonena. Visualization allows for
t he exploration, analysis, and presentation of data, and
is being touted as an inportant new conpanion to
statistical nethods for spatial analysis. This research
proj ect evaluated cartographic visualization's utility as
a tool for the spatial analysis of urban social dynam cs,
specifically exam ning the human capacity for recogni zing
the strength of relations anong urban social data via
ani mted representations of a changi ng soci oeconom ¢
| andscape. These representations were presented via a
wor | d-wi de-web based survey instrunent where subject
responses were coll ected using Common Gateway Interface
(CA) scripted forns. Correlations anong sel ected data
were used to provide a test val ue agai nst which test
subj ect estimates were neasured. Fifty-five University
of Georgi a geography students were asked to view a series
of ten animated thematic map pairs displaying

soci oeconom ¢ data in netropolitan Atlanta, Georgia from



years 1960 through 1990 and visually estinmate the
correlations existing anong the data. In addition, these
test subjects were asked to provide a qualitative
assessnment of any spatio-tenporal patterns that were
observed. The correlation estimtes were statistically
eval uated both collectively (treating the results as a
group) and individually (conparing responses for each
test case), and the qualitative assessnents were

subj ectively evaluated. This research provides evidence
supporting the useful ness of visualization as a neans for
t he exploration, analysis, and representation of urban
popul ati on dynam cs. G ven the nature of the

vi sual i zati on process and the manner in which it is
typically enployed (by experts famliar with both study
area and data), this research presents a strong case for
the nerits of cartographic visualization as a tool for

ur ban spatial anal ysis.
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CHAPTER ONE
| NTRODUCTI ON

1.1 CARTOGRAPHY' S RECENT EVOLUTI ON

The nature and application of cartography has
changed dramatically during the latter third of the
twentieth century. The sonewhat recent devel opnent of
conput eri zed mappi ng and geographi c i nformation
t echnol ogy now provi des a net hodol ogical tool that is
useful for spatial analysis, transform ng the discipline
fromits predomnantly illustrative historical role.
This dawni ng of an age of anal ytical cartography has
resulted in numerous exanples of research within a broad
range of subject areas fromenvironnmental to cultura
denmonstrating the viability of utilizing cartographic
met hods in the analysis of spatially related phenonena.
In the last few years such research nethods have been
increasingly referred to as geographic or cartographic
vi sual i zat i on.

Cart ographic visualization, involving the use of
spatial data display and anal ysis systens for geographic

research, has becone a powerful tool for the exploration



and assessnent of spatial patterns and processes.
Because visualization conplenments a breadth of
mat hematically based anal ytical methods with human vi sual
cognition capabilities, visualization nmethods are being
applied to research problens throughout the geographic
di sci pline (MacEachren and Monnonier, 1992).
Visual i zati on offers a nunber of advantages to geographic
researchers. It provides a neans for bridging between
vi sual thinking and visual conmmunication. It allows
spatial investigators to explore the nature of geographic
phenonmena and identify patterns and rel ati onshi ps, test
hypot heses, synthesize and draw concl usi ons based on
their anal yses, and graphically present their results to
other interested parties (MacEachren, 1994b; MacEachren
et al., 1992). |If a picture is worth a thousand words,
then visualized geographic data nust be worth that nuch
and nore.

Vi sual i zati on enhances geographic research through a
variety of nmeans. It can be used to reveal the spati al
di mensi ons of data that m ght ordinarily be organized in
tabular form allow ng researchers to see spati al
relations that m ght not otherw se be apparent. It
provides a way to filter data through different scales to
seek an appropriate resolution for exam nation, and it

of fers the capacity for nultidinmensional representations



of conplex environnents. It can help mtigate the
tenporal limts often associated with the analysis of
spati al change over tinme (MacEachren et al., 1992). The
vi sual i zati on approach is a logical offspring of the
marri age between contenporary technol ogi cal devel opnent
and the growing collection of spatially referenced data.
The technol ogy provides the means for exploring this
data, which have al ready becone available in such |arge
vol unes that conprehending significant patterns and
processes i s otherw se unwi el dy. Visualization nmethods
of fer the prospect of enabling us to see the “data
forest” despite the imense volune of “data trees.” By
its very nature the visualization nethodol ogy presents a

bi g picture view of geographic data.

1.2 SOCI AL ANALYSI S AND VI SUALI ZATI ON

Despite visualization's potential for w despread
application, it has not as yet found extensive use in the
anal ysi s of urban soci oeconom c patterns. Perhaps part
of the reason for this is the energence and growt h of
critical social theory as a research approach for hunan
geographi ¢ analysis. Social theorists m ght suggest that
anal ysis is best approached fromnultiple perspectives or
points of view, and that traditional mapping involves the

production of a limted view of the |andscape in question



(SIocum 1999). For this reason, many who hold this

post nodern perspective openly question basic foundations
of cartographic theory (Huffman, 1996) and challenge its
useful ness in human anal ysis. Sone have argued t hat
essentially all maps, when deconstructed (deconstruction
representing a reading between the lines in order to

deci pher possi bl e underlying agendas), can be interpreted
fromvarious perspectives and therefore have hidden or
uni nt ended neani ngs (Slocum 1999). It is true that maps
commonly communi cate uni ntended nessages, and that data
sel ected as well as synbolization chosen for mapping can
be influenced by the underlying culture associated with
the map producer, and many social theorists further argue
that the study of racial relations is in itself flawed
because race is considered a social construct.

The notion that race is a social construct is sinple
and straightforward. Race is not a classification based
upon biology. Human beings are a single species. Race
is socially constructed, therefore, on the basis of
general i zed physical characteristics such as skin col or
and physique. This social construct of race is,
therefore, cultural rather than biological, and soci al
di vi si on anong human popul ations is a conmon result of
these cultural differences.

| ssues of race aside, sonme overlap does exi st



bet ween t he postnodern and visualization approaches in
that both pronmote the utilization of nultiple
representati ons or perspectives in the analysis of a
given area. |Indeed, when visualization is used for data
expl oration, the production of nmultiple views has

devel oped fromrecognition that a single best
representati on cannot be devel oped, and this nuch at

| east represents a common thread through these two

anal ytical approaches.

This notion of freeing ourselves from optinml maps
in order to fully take advantage of what cartographic
abstraction offers dates back nearly four decades, to the
origins of contenporary analytical geography (Bunge,
1962). More recently, this idea of exploring spatial
data fromnultiple perspectives has been conpared with
the artistic approach known as cubism A foundati on of
cubismis the ability to overconme constraints of space
and tinme, endowing a freedomto devel op conposite inages
t hat present the environnment as if viewed from severa
perspectives sinmultaneously. Contenporary cartography is
somewhat anal ogous to this cubist approach, in that we
are freed fromthe static view in order to better explore
geographi ¢ | andscapes with nultiple cartographic
representations (Miuehrcke, 1990). Through this new

approach, which is fundanental to visualization, we



enhance our prospects for discovering characteristics
about the world around us that m ght not have been
ot herwi se possi ble w thout these methods.

Much of the literature about cartographic
vi sual i zati on speaks of the inherent val ue associ at ed
with an open-m nded vi sual exploration of spatial data
sets, in order to tap into the visual thinking skills of
i ndi vi dual s engaged i n geographic research (Buttenfield
and Mackaness, 1991; Jones, 1997; Kraak and Orneling,
1996; MacEachren, 1995; MacEachren, 1994b; MacEachren et
al ., 1994; MacEachren et al., 1992; MacEachren and
Monnmoni er, 1992; Peterson, 1994; Taylor, 1994; Turk,
1994; Visvalingam 1994; Wod and Brodlie, 1994). This
i nvol ves the utilization of spatial displays of derived
information in a nore scientific approach to problem
solving. Debates, sonetines contentious, continue
bet ween spati al anal ysts and social theorists.
Regardl ess of the esteened argunents offered by these two
canps, nore than a kernel of truth about the human
| andscape has been garnered by both approaches.

Still, there is nmuch that can be | earned about urban
soci oeconom ¢ | andscapes via cartographic visualization.
A wealth of data from public agencies and private
conpani es are available for analysis and interpretation,

and are being utilized by nunerous organizations for a



vari ety of purposes including denography and pl anni ng.
Expl oring these data with the tools of cartographic

vi sual i zati on can aid analysis by displaying results in a
formthat reveals associated spatial patterns. Public
agents such as urban planners can take advant age of
visual i zation tools to nodel and predict socioeconom c
changes in the urban | andscape and use the results to
enhance their ability to nake effective planning

deci sions. The general public stands to benefit fromthe
utilization of visualization in the work of public

agenci es.

1.3 VI SUALI ZATI ON AND URBAN SOCI AL DYNAM CS

One social problemthat has been particularly
nettl esome for urban planners in the latter twentieth
century United States is the issue of race and
residential space in nmetropolitan areas. Throughout the
twentieth century, the residential |andscapes of nany
| arge urban areas have been characterized by spatially
wel | -defined separations of Wihite and African- Anerican
popul ations. The resulting African-American comunities
are often referred to as ghettos, due to the relative
spatial conpactness and | ack of residential assim|lation
into the greater urban social fabric (Hartshorn, 1992;

Rose, 1971). In the first half of the twentieth century,



this social separation was maintained by the force of
policy originating fromall |evels of governnent, whether
| ocal, state, or federal. Follow ng nunerous m d-century
judicial rulings abolishing overt practices of racial
di scrimnation in housing, the social forces responsible
for the shaping of ghetto space becanme nore subtle in
their manifestation (Darden, 1995).

Wth the Twenty-First Century rapidly approaching it
I's apparent that there has been little nmore than nodest
change in the degree of residential separation between
Whites and African-Anericans since |legal barriers were
renoved. In this latter half of the century, many U. S.
metropol itan areas have experienced a fairly profound
urban sprawl, reaching far into the surroundi ng
countryside. Certainly a portion of this exurban growth
into newly devel oped residential comunities far-flung
fromthe central city has been fueled by an as yet
unrelenting white flight fromghetto space that is
i kewi se spreading into comunities surroundi ng the urban
core (Adans et al., 1996; Massey and Hajnal, 1995; Phel an
and Schneider, 1996). It may yet be learned that this
contenporary urban sprawl has taken a life all its own,
fuel ed by a conplex set of factors that includes not only
i ssues of race but also a variety of other considerations

that influence the devel opnent of a subjective “quality



of life” perspective that makes these outlying areas
attractive to nore and nore residents. Still, within the
ol der core region of urban residential space, there can
be no denying the persistence of a socially stratified

| andscape.

Curiously, as African-Anmerican residenti al
popul ati ons have increased within the heart of nost
metropolitan areas, the resulting expansi on of ghetto
space has not occurred uniformy on all social borders
but instead appears as a relatively rapid transformation
in some areas while there is little or no concurrent
transformati on apparent in others. Truman Hartshorn
perceives such spatial expansion as highly directional
and biased along a primary axis evident within existing
ghetto space, and suggests that expansion may be linited
by the existence of higher-priced housing and stronger
soci al resistance (Hartshorn, 1992). The idea that there
are mtigating factors influencing whether or not a
nei ghbor hood or community m ght experience such soci al
transformati on provides an intriguing prospect for the
application of visualization tools in the exploration and

anal ysis of this phenonenon.

1. 4 RESEARCH PURPOSE

The geographic visualization literature makes a



10
nunber of clainms, and Christopher Jones suns up these
argunments by asserting that visualization helps “identify
spatial structures, patterns, and correlations, thus
raising the information content of the data” (Jones,
1997). Wthin the real mof spatial analysis as applied
to urban socioeconom c trends and popul ati on dynam cs,
this assertion is as yet largely unsubstantiated within
the current body of geographic literature. It is the aim
of this research to consider the utility of cartographic
vi sual i zati on as a net hodol ogi cal tool for the
expl oration and anal ysis of urban socioeconom c data. In
particular, the focus will be on the ability of test
subjects to visually estimate correl ations that exist
anong sel ected urban soci oeconomi ¢ data (race, incone,
housi ng, and education) as represented in ani nated
t hemati c maps of census data collected in the years 1960,
1970, 1980, and 1990 for the five counties that formthe
core of the Atlanta, CGeorgia netropolitan area.

Why netropolitan Atlanta? The study area for a
project involving the visual estimation of correlations
anong race and ot her soci oeconom c characteristics
requires a city with a sizable and growi ng African-

Anmeri can popul ation to maxi m ze the proportionate anount
of area affected by the phenonenon. It follows that this

region would |ikew se be anong the nost popul ated U. S.
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metropolitan areas, in order to accommodate such a | arge
sub-segnment of the total population. Metropolitan
Atlanta fits these paraneters. This selection is
reinforced by the fair anmount of existing literature
pertaining to the nature of race and space in the Atlanta
area, providing an indication that the region is indeed
significant in the mnds of nore than a few academ c
researchers.

Perhaps a share of this literature was a natura
out come associated with Atlanta’ s energence as a sort of
flagship city of the New South. \When other southern
muni ci palities were struggling with the federal
governnment over social changes mandated as a by- product
of the civil rights novenent, political |eaders were
proclaimng that Atlanta was the “city too busy to hate”
(Rut hei ser, 1996). Al t hough much of this posturing was
not reflected in the reality of daily life in the region,
it did represent a positive and pro-business attitude
that served well the city’'s interests at the national
l evel . Mich of Atlanta's success as a business center in
the latter twentieth century has been related to the
mai nt enance of a | oose coalition built between Wite
busi ness | eaders and African-Anmerican community | eaders,
a sort of fragile peace for the sake of the econony

(Bayor, 1996; Rutheiser, 1996; Stone, 1989). But



12
under |l yi ng soci al problens have not sinply disappeared
for the sake of a strong econony, and white flight from
an expandi ng African- Areri can ghetto space has conti nued
t hroughout the latter twentieth century (Clark, 1988;
Rut hei ser, 1996; Silver and Moeser, 1995; Wheel er and
Davi s, 1984).

If the cartographic visualization literature is
correct, researchers trained in geographic analysis
shoul d be able to estimate rel ative correlations that
exi st anong urban soci oeconom ¢ data based on vi sual
representations. |In the case of race and residenti al
space in netropolitan Atlanta, which is evidenced by a
clearly defined social separation (Rutheiser, 1996), a
vi sual conparison of such characteristics as incone,
housi ng, and education with race provides a suitable test
of the nethodol ogy.

VWi te popul ations generally exert econom ¢ dom nance
in nmost U S. netropolitan real estate markets, and
consequently wield greater influence over the definition
of social borders. It is, therefore, reasonable to
expect to see the inpact of these social forces on
resulting residential patterns. Considering the inherent
spatiality of this enduring problem cartographic
vi sual i zati on techni ques such as map animati on offer nuch

utility for the exploration and anal ysis of urban soci al
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dynam cs.

The goal of this project is to evaluate the utility
of cartographic visualization as a tool for the spatial
anal ysis of urban social dynamics. Mre specifically,
this research will exam ne the human ability to recognize
the strength of relations anong urban social data via
ani mted representations of a changi ng soci oeconom ¢
| andscape. Toward this objective, correlati ons anong the
sel ected data are used to provide a test val ue agai nst
whi ch test subject estimtes are neasured. It is hoped
that the results of this research will provide evidence
supporting the useful ness of visualization as a neans for
t he exploration, analysis, and representation of urban
popul ati on dynam cs. Denonstrating the viability of
cartographic visualization as a tool for urban
soci oeconom c research represents an inportant step in
the evolution of both urban spatial analysis and the
geogr aphi ¢ di scipline.

Here are the research design conponents associ at ed
with this project:

1. Devel op ani mated themati c maps of vari ous

soci oeconom ¢ conmponents of race, housing,
education, and incone derived from data conpil ed
by the U S. Census within the designated study

area for a series of latter twentieth century
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census years.
Create a worl d-w de-web based survey instrunment
for the presentation of the animated maps in
data pairs for test subject visual estimation of
data correl ation.
Use the web based survey instrunment to coll ect
gquantitative estimtes of correlations anong the
sel ected data.
Use the web based survey instrument to coll ect
qualitative assessnents of spatial patterns
observed in the map ani mati ons.
Anal yze the correlation estimates using t-test
for paired sanples to assess whether there are
significant differences between the estinmated
and actual correlations as groups.
Anal yze the correlation estimates using single
sanple t-test to assess whether there are
significant differences between the estinmated
and actual correlations individually.
Graph the correlation estimtes and di scuss the
resulting distributions.
Conpile the qualitative assessnents and di scuss

t he observations of spatial patterns.

This research endeavor has been designed to explore

the viability of cartographic visualization as a
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supporting tool for spatial analysis in the exam nation
of urban social problens. Regardless of the attained
results, visualization is not proposed herein as a
repl acenent for other nmeans of social analysis. Urban
soci al | andscapes are quite conplex and are appropriately

scrutinized froma broad range of research perspectives.



CHAPTER TWO
LI TERATURE REVI EW

2.1 TVENTI ETH CENTURY CARTOGRAPHY

Thr oughout the history of cartography,
met hodol ogi cal i nnovations have been associated with
techni cal advances in graphic production. For centuries
t hese changes were limted in scope to such areas as map
projection and map production. Thus, in the late
ni neteenth and early twentieth centuries, academc
interest in cartography was generally limted to the
consi deration of maps as historical docunents, the
devel opnent of projection nmethods suitable for various
nmodern mappi ng needs, and the refinenent of technical
aspects related to the production of nmodern maps. Wth a
few exceptions, such as Goode at the University of
Chi cago and Rai sz at Harvard, cartographers were w dely
regarded nore as technicians rather than scholars or
scientists (McMaster and Thrower, 1991). Follow ng Wrld
War ||, academic interest in a broader range of
cartographic research and theory began to develop with

studies related to map conmuni cati on, cartographic

16
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synbol i zation, and the delineation of the discipline's
phi | osophi cal foundations (Tyner, 1992). In recent
decades, nethodol ogi cal and technical advances have
ef fected a profound inpact on cartography,
revol utionizing the discipline. Analytical cartography
arose in the 1960s as a by-product of geography’s
guantitative revolution wherein spatial statistical
met hods gai ned wi despread application throughout the
parent discipline (Tobler, 1976; Tobler, 1970).
Subsequent technol ogical innovations in conmputer systens
have enabl ed the devel opnent of software that run
sophi sticated statistical analysis on tabul ar data,
dynam cal |y di splay maps show ng the distribution
patterns resulting fromsuch quantitative mani pul ati ons,
and al so allow for anal ytical operations perfornmed
directly on spatial data via cartographic nodeling
al gorithnms in geographic data systens.

Many schol ars versed in cartography and G S believe
there is considerable overlap between G S and anal yti cal
cartography in that both fields are built on a unified
spatial theory foundation that includes such conmon
conponents as graphic data structures (raster and vector)
and nunerous mat hemati cal and anal ytical nmethods. Sone
suggest that the significant difference between

anal ytical cartography and G S relates to the latter’s
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predom nant focus on practical applications while the
former is predom nantly focused on devel opi ng a base of
anal ytical theory (Mellering, 1991).

The devel opment of conmputerized mappi ng systens has
truly effected a significant change in the nature of
maps. Throughout the vast mpjority of cartographic
hi story, maps were tangi ble products static in nature --
hard copy entities that were designed and rendered to
serve a fairly specific purpose without offering map
readers any neans for dynam c interaction. Now, nodern
conputer systens have made it possible to conpl ement such
conventi onal sheet maps with a range of “virtual” maps --
maps that are not limted to a single hard copy | andscape

view (Figure 2-1). For sone, these virtual maps range

from human to technol ogi cal extrenmes, with individual
cognitive i mges comonpl ace to human experi ence at one
extent and conputerized data storage and graphic display
at anot her (Kraak and Orneling, 1996). Others regard the
anal ytical inplications of those virtual maps nade
possi bl e by advances in digital technol ogy as
representing a profound advance in mappi ng science, and
further classify virtual maps into the follow ng: 1) nmaps
at are physically viewed but not rendered in permnent
form (such as maps shown on a conputer screen); 2) maps

that are rendered in permanent form but are not being
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mappi ng di splaying the various forns.
Source: Kraak and O neling, 1996.
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physically viewed (such as a map stored on a CD-ROM; and
3) maps not being physically viewed and not stored in
permanent form (such as a spatial data base stored on
magnetic nmedia). Located within this third |evel of
virtual mapping is what is regarded as the deep structure
of map information. Deep structure exists in the
geographi cal rel ationships between spatial objects and
their attributes, which are not necessarily capabl e of
bei ng rendered cartographically (Nyerges, 1991,

Moel  ering, 1991). For spatial analysts, these deep
structures can be particularly revealing about the
underlying nature of the physical and cul tural
environnents in which we live, and this has given rise to
t he use of conputer graphics in the visual analysis of

bot h natural and human phenonena.

2.2 EMERGENCE OF VI SUALI ZATI ON

Wthin the past fifteen years, there has been rather
substantial growth in the role of visual analysis within
the natural and earth sciences, particularly in the
expl oratory stages of research (MacEachren, 1994b). This
growth was invigorated during the md 1980s, when
scientists began utilizing conputer systenms to
graphical ly display and explore the patterns and

processes associated with spatial phenonena in various
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fields such as physics and chem stry. The facilitation
of this visual analysis through the use of conputer
graphi c technol ogi es cane to be known as scientific
visual i zation. This has generated considerabl e interest
in the scientific community at large, as well as a fair
amount of fanfare regarding the ability to visually
anal yze spatial subjects at scales ranging from
m croscopic to interstell ar.

VWil e this devel opment is indeed significant,
numer ous geographi c professionals note that cartographers
have for many, many years engaged in the production of
graphi cs useful for the exploration and conmmuni cati on of
spatial data (Taylor, 1996). Long before the | arger
community of scientific disciplines began using the term
visual i zation to describe the graphic exploration and
anal ysis of spatial phenonena, cartography was providing
such utility to individuals engaged in geographic
research. This process has involved taking advant age of
i nnate visual thinking skills to form new cognitive
i mges derived from experience and observation, and
produci ng tangi bl e graphic ideations of these notions in
order to devel op a greater understanding of explored
information (Dent, 1999). Historically, these graphic
i deati ons have been devel oped as manual sketches created

during the visual thinking process to provide a concrete
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framework to spatial conceptions.
Most geographers are famliar with the case of Dr.

John Snow and his mapping of cholera incidence in a
London comunity. Dr. Snow had suspected that drinking
water was the carrier of this deadly disease, and his map
showed clustering of individual cases around the now
i nfamobus Broad Street punp (Goodchild, 1992). On a
fundanmental level, his dot map nmay be viewed as the
result of a thematic overlay of three different data
| ayers, with the street grid representing one |ayer, the
dots show ng the nunber of chol era cases another, and the
various public water supply locations the third ([ECgure |
2-2). Based upon this graphic evidence, Snow was able to
convince public officials to shut the punp down whereupon
new cases of cholera in this area pronptly declined
(Meade et al., 1988). There are nunerous other exanples
of the utilization of thematic maps as research tools
but, prior to the devel opment of conputerized mapping,
the inability of a researcher to dynamcally interact
with spatial data hindered such efforts (Wod, 1994a;
Wbod, 1994b). G ven the inpact of contenporary
technol ogy, that particular handicap is no | onger a
significant concern for spatial analysts. The advent of
conputer graphic technol ogi es has, obviously, greatly

enhanced the ability of spatial investigators to quickly
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Figure 2-2: Dr. John Snow s map of
chol era cases clustered around the
Broad Street punp in London, 1854.
Source: Gl bert, 1958
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construct alternative views of geographic data sets in
order to seek out and explore significant spatial
patterns.

Even wi t hout considering the past two centuries of
cartographic innovation in the thematic mappi ng of
quantitative data, it is appropriate to acknow edge that
t he devel opnment of conputerized mappi ng and geographic
i nformation systens predated the breakthrough of
formalized scientific visualization nmethods by some two
decades (MacEachren et al., 1992; Wod, 1994a; Wbod,
1994b). Nevertheless, it cannot be denied that the
enmergence of scientific visualization has been benefici al
for those involved in geographic research and anal ysis,
| eading many to regard visualization as a val uable
addition to the famly of contenporary cartographic
met hods.

I f cartography already boasts a considerable history
of spatial data exploration and comuni cati on, why then
is visualization such an inportant new enhancenent for
the field of mapping science? According to Fraser
Tayl or, visualization is inmportant to cartography because
of the inpact it has had on the changing role of graphic
analysis in scientific investigation (EComre2=3). It
has i ntroduced a dynam c interactivity for the map user

that transforms cartography froma primarily illustrative
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role to a substantially greater analytical utilization
(Tayl or, 1994). Because of nunmerous advances in conputer
t echnol ogi es, cartographers now enjoy the ability to
enpl oy an expandi ng nunmber of spatial anal ysis nethods
i ncorporated into anal ytical manipul ations of graphically
di spl ayed data sets, enabling a broader flexibility in
the search for inproved understanding of spatial patterns
and processes, as well as an enhanced capacity for the
comruni cation of investigation results.

Vi sual i zati on has nuch to offer analytica
cartographers because it capitalizes on the strength of
human perceptual abilities, providing a neans for visual
analysis to be used in conbination with sophisticated
statistical methods. The human brain has an inpressive
capacity for the understanding and assinilation of
information that is graphically presented. 1In the
context of scientific nethods, visualization involves the
use of graphic data analysis and display systens to help
researchers explore and acquire deeper insights into the
nature of spatially arrayed data. From t he cartographic
perspective, visualization allows researchers to
i nvestigate the structural relationships that exist deep
bel ow the nore sinple surface structures that are readily
apparent via the relatively straightforward thematic

mappi ng of unnodel ed data. These deeper structures are
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found in the geographical relationships that exist anong
the collected data, and may be reveal ed through the
application of a variety of mathemati cal nodels designed
for different spatial analysis needs (Nyerges, 1991).
Cont enporary conmputer technol ogy provides the ability to
qui ckl'y mani pul ate and produce graphic displays of
geographi ¢ data that endows investigators with the neans
to thoroughly explore spatial processes and patterns by
maki ng repeated adjustnents to the data. These
adj ustments may be as sinple as maki ng changes in the way
the data are classified or as conplex as exploring the
mat hematical rel ati ons between spatial phenonena.

There exists today a plethora of geographically
referenced data relating to both environnental and soci al
phenonena, and the quantity of newly conpiled data sets
is increasing at a dramatic pace. Visualization tools
provide the means to filter and explore these rapidly
growi ng quantities of spatial data, perceive patterns
t hat may be apparent at one resol ution but nay otherw se
remain invisible at other resolutions, offer changes in
perspective that enabl e conprehensive views of conpl ex
| andscapes, consider the relations between nultiple data
vari ables, transformthe data surface nodel fromtwo to
three dinmensions or rapidly alter the projection to suit

a particular need, and devel op representations of
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tenmporal ly changi ng | andscapes unlimted by the
traditional constraints of a single view map (MacEachren,
1995; MacEachren et al., 1992). The phrase visualization
tools is nore conceptual than concrete in that it can
refer to any conputerized nethod used to graphically
render spatial data in any formranging from highly

realistic to highly abstract (MacEachren et al., 1992).

For instance, an orthophotomap of barrier islands along
t he coast of Georgia would provide a highly realistic
portrayal of the physical and cultural |andscape, while a
sinmplified chart of travel tinmes between coastal cities
in that same area reveal s nmeaningful relationships anong
the data in a nmuch nore abstract form There are,
t herefore, nunmerous ways to graphically visualize spatial
data sets -- fromthe utilization of renotely-sensed
i mgery for environnmental analysis to the thematic
mappi ng of statistical information for planning purposes
to the construction of graphs describing spati al
relations for theoretical generalization -- and
collectively they serve as a geographic visualization
tool Kkit.

Conput er systens have made interaction with maps
readi |y accessible for contenporary geographic
researchers. No longer limted to the static real m of

snapshot views of conplex | andscapes, cartographers are
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now able to produce views of the world that can sinulate
its real-tinme nature. Alan MacEachren advocates the use
of post-processing techniques in the application of
vi sual i zati on nmet hods on | arge data sets. Post-
processing allows for the interactive exploration of
cartographic overlay data propagated during the course of
spati al nodel devel opnent, along with the animati on of
time-series maps show ng the changi ng patterns
(MacEachren, 1994a). This approach enhances exploratory
data anal ysis by representing dynam c spatial processes
in a manner that is instinctively conprehensible.

Cartographic visualization is a nethodol ogy now ri pe
for nore w despread application. The already vast anmount
of information collected for human and environnmenta
research is growing rapidly, and visualization provides
an efficient means for analytically processing this data.
The utilization of visualization in GISis beginning to
provi de spatial analysts with graphic tools to conpl enent

statistical nethods.

2.3 THE VI SUALI ZATI ON PROCESS

Geographi c visualization specialist David Di Bi ase
has identified four distinct stages in the visualization
process that have been identified within two |arger

domai ns of visual thinking and visual conmunication
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ququre 2-41. Wthin the real mof visual thinking are

the initial stages of exploration and confirmation, and
within the real mof visual conmunication are the nore
advanced conceptual stages synthesis and presentation
(Di Bi ase, 1990).

Expl oration represents an initial step in the
research process. What is the nature of the research
probl enf? \What are the issues associated with the
i nvestigation? What are the salient questions worthy of
consi deration? Researchers often devel op agendas based
upon personal observations or other precipitating
experiences, and many have the ability to picture in
their mnd an initial assessment of the situation.

Vi sual i zati on enhances that ability and takes it a step
further, not only enabling a formal view of the original
conceptual i zation but also facilitating the creation of
many ot her views that m ght provide useful glinpses of

patterns that m ght not have been a part of the initial

assessnent (MacEachren, 1994b; MacEachren et al., 1992).

This is an analytical process that serves well those

i nvestigators who proceed with an open m nd about their
research. New questions can develop while |arge
quantities of data are examned in relatively short
order, and new research directions can arise based upon

t he visual exam nation of patterns and data relations
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t hat appear prom sing.

After initial conclusions are drawn during the
expl oration stage investigators nove on to the next step
and pursue a confirmation of the early results. As the
research becones increasingly focused, visualization
tools provide the neans whereby an investigator can
confirmor rule out the validity of the early
assunptions. Results fromstatistical analyses may be
graphed and spatial nmodels may be mapped, and these itens
may be scrutinized in relation to any devel opi ng
hypot heses (MacEachren, 1994b; MacEachren et al., 1992).

As the inquiry progresses, researchers begin to
devel op a synthesis of the investigation results. Once
it may be confirmed that the research results are on the
right track, visualization can by used to synthesize
concepts and produce | ogical generalizations about what
to this point may be no nore than a | oose collection of
ideas. This is the time for researchers to frane the
results into a broader theoretical context (MacEachren,
1994b; MacEachren et al., 1992).

Now t hat the research results offer support for
I nvestigation hypotheses, it is appropriate to share
these results with a wi der audi ence (MacEachren, 1994b;
MacEachren et al., 1992). Since the products of

vi sual i zati on anal yses are tangi ble graphics, many regard
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them as existing in presentation form but suitable
enhancenents to the graphic design should again be

consi der ed.

2.4 THE VALUE OF VI SUALI ZATI ON

An enornmous volunme of digital data have been
generated in the relatively brief anount of tine that has
passed since the devel opnent of conputerized spati al
anal ysi s technol ogi es, and this obviously represents but
a mnute fraction of the data yet to conme. Visualization
nmet hodol ogi es (which, of course, are fairly new and
continuing to devel op) offer nunmerous advantages for
anal ytical cartographers, not the |east of which is the
ability to filter and explore these grow ng vol unmes of
spatial data. This ability to manage such vast
gquantities of spatial data enables a conprehensive view
of the data, rendering conplex |andscapes nore
di scerni ble without elimnating the underlying data
structures (Buttenfield and Mackaness, 1991; MacEachren
and Monnonier, 1992). The tangi bl e graphic
representations that are at the heart of the
vi sual i zati on process stimulate visual thinking and
facilitate geographic problem sol ving.

One issue to consider when working with these |arge

data sets is related to scale. Spatial patterns and
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processes exist and are evident at different resol utions.
What m ght be apparent at one scale mght remain
conceal ed at another (MacEachren et al., 1992).

Vi sual i zation tools allow researchers to account for this

characteristic problem by enabling quick | ooks at graphic

di spl ays of data at different resolutions ([Figure 2-5).

Wth United States Census data, for instance, statistics
are collected and aggregated at different levels. It is
wi dely acknow edged that the nunmbers revealed via the
mappi ng of county | evel data are not as accurate or
informative as the mappi ng of census tract or block group
| evel data. 1In this case the higher resolution provides
a nore nmeani ngful spatial pattern. But there are tines
when such finer resolution m ght conceal patterns that
may exi st at regional rather than |ocal scales, and a
coarser resolution would be nore suitable (MacEachren et
al ., 1992). It is essential, therefore, that spati al
data be filtered in a manner appropriate for the given
research task

The increasing conplexity of spatial data sets is
anot her significant concern for analytical cartographers.
A consi derable volume of data is being collected and
conpiled in nmultidinmensional form (MacEachren et al.,
1992). Renote sensing, for instance, routinely provides

a wealth of data about the earth’s surface that supplies
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spatial analysts with valuable information related to

| and cover and land use in rich detail. Many of these
data are collected as el ectromagneti c spectrum
reflectance values by nultispectral scanners, and are
recorded on several different bands. Investigators can
take these nultidi mensional data and organi ze the results
into spectral signatures that may be used to provide in-
dept h exam nations of |andscape patterns.

OQbvi ously, the transformation of spatial data from
one formto another represents an inportant conponent of
the visualization process. These transformations can
i nvol ve not only the changes in resolution and di nension
al ready indicated but can also involve nunmerous other
changes, including the way a terrain or statistical
surface is depicted. Visualization nethods enable the
rendering of surface views that sinulate three
di mensi ons, despite being limted to such two di nmensi onal
out put options as hard copy and conputer screen forns.
Many years ago cartographers began devi sing technical
met hods for the depiction of three dinmensional surfaces,
and the emergence of conputer mapping technol ogi es has
facilitated the devel opment of new techni ques that not
only render surface views but also provide anal ytical
capabilities useful for civil engineering and

envi ronnental analysis (MacEachren et al., 1992).
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Topographic maps historically presented | andscape vi ews
t hat depict undul ating surfaces through the use of
el evation contours. Often, these surface representations
were further enhanced by such techni ques as hill shadi ng,
whi ch provide the map reader with nore realistic and
sonmewhat nore easy to visualize scenes. Contenporary
conputeri zed tools have automated and enhanced t he
process of transform ng surface depictions fromstrictly
t wo- di nensi onal views associated with contour maps to

simul ated three-di mensi onal perspective views that are

readi |y generated by many nmappi ng systens (Fiqure 2-6}.

Renot el y-sensed i magery is often draped over digital

el evation nodels in order to provide realistic

vi sual i zati ons of environnmental |andscapes. The hil
shadi ng techni que has |i kew se been adapted for use in
conmput er mappi ng systens and, when used in conjunction
with digital elevation nodels, may be particularly

ef fective when representing actual topographic

| andscapes. Attribute information such as vegetation
cover or soil types may be draped over the view to
provide a dramatic rendering of the relationship between
such categorical features and variations in the terrain.
Statistical information such as popul ati on density can
al so be presented as a surface view, often with the

ability to rotate the perspective and adjust the “eye”
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Sour ce: author, 1997.
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position in terms of vertical height and proximty to
t he mapped features. A further transformation that is
quite useful for researchers who engage in the spati al
anal ysi s of popul ation data involves the conversion of
data fromvector to raster form Spatial data that
exi sts in raster formcan often be nore readily expl ored
and anal yzed than when it exists in vector form

Mat hemat i cal operations that are perforned on maps
rendered in raster form my be processed nore quickly
t han operations performed on the vector equival ent.
Since analysis is a key element of the visualization
process, this flexibility may be an enornously val uabl e
asset .

Qur world is a very dynam c place, and spati al
patterns and processes typically occur within a tenporal
context. Historically, the mapping of change over tine
has been achieved in two ways: through a single map that
strives to capture the essence of the tenporal change
(either nmovenent from place to place or attribute
evolution through tinme), and through nmultiple maps vi ewed
together in series to provide a visual conparison of a
tenporal |y changing attributes for a given area (Figure |
. The depiction of tenporally changing | andscapes is
an exciting new trend in cartographic visualization,

particularly with the devel opment of technol ogy that has


http://graduate.gradsch.uga.edu/etdarchive/RBeaversphd/figure2-7.html
http://graduate.gradsch.uga.edu/etdarchive/RBeaversphd/figure2-7.html

Figure 2-7: Map nultiples in tenporal sequence
di spl ayi ng spatial patterns.
Source: USGS Fact Sheet FS-000-99, 1999.
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made ani mation a nore accessible option (Bl ok et al.,
1999; DiBiase et al., 1992; MacEachren, 1994b).
Furthernore, the ever growi ng body of spatial data nakes
the growth of tinme sequence mapping a | ogical and
i nevitable outconme. The sheer volume of chronologically
coll ected renptel y-sensed data has resulted in a
consi derabl e amobunt of time series analysis of
envi ronment al change, research that has undeni abl e val ue
given the rapid changes in global environnent and | and
use that continue to occur through the present century
and beyond. As other data sources continue to add to the
digital historical record, it appears that the utility of

t emporal change mapping will continue to grow.

2.5 TRENDS | N GEOGRAPHI C VI SUALI ZATI ON

There are sonme key trends in the ongoing devel opnment
of visualization, including the growth of map ani mati on
applications, the further evolution of spatial analysis
techni ques, the increasing interactivity associated with
map system map user interfaces, and the expandi ng
sophi stication of electronic atlas systens.

The devel opnment of map ani mati on techni ques has
al | owed cartographers to incorporate the tenporal context
directly into their visualizations. There are presently

several common fornms of map ani mations (Gershnehl, 1990).
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Wthin the context of spatial analysis the primary form
i nvol ves using the flip-book approach showing a series of
maps i n chronol ogi cal sequence where the animation is
used as a netaphor for the passage of tine (albeit
somewhat accelerated). There are also exanples where the
data are reordered within some sub-field of tinme to
enphasi ze patterns that nmay be dependent on sone ot her
tenmporal context (such as tinme of day), and there are
ot her exanples that are based on sone variable other than
time (such as a map showi ng rel ationshi ps between a cause
and effect). Flip-book animati ons of space-tine
processes may be produced for a vast array of topics
rangi ng fromthe depiction of changi ng environnment al
conditions to changi ng popul ation patterns and offer a
growing utility for cartographers interested in exploring
spatio-tenporal dynamcs. O her common map ani mati on
techni ques utilized in cartographic visualization include
nmet anor phosi s (al so known as pol ynor phi c tweeni ng) which
is sonetinmes used to represent tine-sequenced events such
as shifting weather patterns, and a virtual reality
approach that creates a sense of flying through a three-
di nensi onal ly rendered scene. Pol ynor phi ¢ tweeni ng
should be utilized with sone caution because it inplies a
| evel of detail within the transformation stage of the

animation as it changes fromone map view to another that
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is inreality derived fromthe algorithm associated with
the conputer software and the nmetanorphosis control
poi nts selected by the animator rather than from actual
observation val ues associated with the data set. The
sof t ware enhances the netanorphosis by generating
numer ous i mages representing intervening steps in a
process between the initial view and the end view These
intervening steps provide an inplication of spatio-
tenmporal change for the map viewer that may in fact
m srepresent reality. Virtual reality animations that
provide sinmulated flying tours of three-dinensionally
rendered | andscapes may be useful for visualizing
envi ronment al phenonena, such as interactions between
weat her and transportation features.

Utilizing map ani mati ons within visualization
provi des researchers with an inductive reasoni ng tool
that renders tenporal dynami cs nore accessible for
spatial analysis (Openshaw et al., 1994). The ability to
view patterns and processes via map ani mati on enhances
the results offered by traditional mathematical nodelling
nmet hods by visually revealing the spatial dynam cs.

These spatial dynam cs represent an inportant
conponent of contenporary spatial analysis. It has |ong
been a goal of spatial analysts to develop insights into

t he spatial patterns and processes of human and
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envi ronnental interactions in the world around us.
Wthin the context of space-time processes, there has
been an historical disadvantage in the strictly
mat hemat i cal approach, in that the standard neans for
dealing with rich spatio-tenporal data sets have been to
aggregate data both spatially and tenporally, into
smal | er nunmbers of areal units and tine periods. This
results in a |less-detail ed data series which reduces the
quality of the data and ultimately | essens the resulting
accuracy. The nove towards interactive visualization
nmet hods furni shes opportunities for broader insights into
the rich and conpl ex data sets that have beconme a common
conponent of spatial analysis.

As the technol ogy of visualization continues to
grow, the degree of interactivity is also expected to
increase. Researchers who have the perceptual and
cognitive expertise necessary for the evaluation of the
patterns and processes associated with spatial phenonmena
requi re consi derable freedomand flexibility in the
pursuit of their investigations. Mich of how this
interactivity develops will be based on fundanent al
awar eness of the underlying spatial dynam cs. An
effective interface will be one that m nim zes the
i mpedi ments between human and machine (Buttenfield and

Mackaness, 1990; Davies and Medyckyj-Scott, 1994;
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Li ndhol m and Sarj akoski, 1994).

This interactivity will also play an inportant role
in the increasing sophistication of electronic atl ases.
Future electronic atlases will undoubtedly incorporate
much of the visualization tool kit, noving beyond
relatively sinple geographic data storage and retrieval
to an increasing exploratory and anal ytical capability.
Atlas users will have the ability to interactively
navi gate through fl exible conbinati ons of maps, diagrans,
text, and audio to explore | andscapes from around the
world (and beyond!) while not only maintaining control
over direction and pace, but also possessing the power to
sel ect and perform an array of spatial analysis tasks

(Mersey, 1996).

2.6 THE CONTEMPORARY CARTOGRAPHI C PARADI GM

Cartographic research has di scussed and denonstr at ed
the differences between exploratory and presentation
graphics, which require different design strategies for
the different stages in the visualization process. The
desi gn of exploratory graphics is focused on the ability
to ook at data in many different ways while the design
of presentation graphics is focused on presenting an
optimal view (Krygier, 1996). The recent enphasis on

visual i zation as a tool for exploratory data anal ysis has
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drawn attention to the graphic quality of G S out put
(Mersey, 1996).

Despite argunments from G S proponents that G S maps
are intended only as quick intermedi ate views of data
rat her than final polished maps, the value of any G S as
a visualization tool is greatly conprom sed if these
qui ck views fail, for design reasons, to comrunicate the
true nature of the spatial information they represent
(Mersey, 1996). In this context, sone have suggested
that map design plays a pivotal role in the effectiveness
of exploratory data anal ysis (Mackaness, 1996). It is,

t herefore, incunbent upon contenporary cartographers to
devel op the design tools that facilitate data
expl orati on.

Those who believe that cartography’s comruni cati on
paradigmis but a thing of the past are m staken (Patton
and Cammack, 1996). MacEachren (1994) views the current
cartographic paradigmin three dinmensions, with

vi sual i zati on and communi cation related by degrees across

a central transect ([ELgure 2-8)]. The cube illustrates

t he range of application and use now enpl oyed within
cont enporary cartography. Along one axis is found the
range between public and private use, with public use
primarily involving comunication and private use

i nvol ving visualization for exploration and anal ysis.
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Li kew se, the axes representing interactivity and
presenting/revealing information al so show the relative
order of use and application between conmuni cati on and
vi sual i zati on. Utimately, the devel opnent of effective
data exploration tools can only be aided by an
under st andi ng of human perception and cognition, and
cognitive research into effective map design w ||l
continue to play an inportant role in the evaluation and
devel opnment of effective visualization tools (Patton and

Cammack, 1996).

2.7 CARTOGRAPHI C VI SUALI ZATI ON RESEARCH TRENDS

To date, research in cartographic visualization has
focused primarily on such concerns as the devel opnent of
envi ronnental applications, the visualization of data
quality, the devel opnent of interactive interfaces, the
effects of dynam c cartography of issues of design and
synbol i zation, and the use of map animtion to represent
tenmporal change. Here is a brief sunmmary of contenporary
research in cartographic visualization.

The devel opnent of environnental applications in
visualization is not surprising, given the vast
guantities of spatial data that have becone available in
recent years. The physical sciences in general have

consi derabl e resources at the ready for collecting and
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conpiling spatially referenced information, whether in
the formof renptely sensed data or as collected at the
surface by a host of public agencies, private
organi zations, and individual research projects. The
probl em of urban air pollution was exam ned through a
vi sual i zati on application by Koussoul akou (1994). He
utilized a variety of data related to industrial and
autonotive em ssions, neteorological conditions, air
quality, topography, and urban setting characteristics to
vi sualize the changi ng conditions over and around Athens,
Greece. The challenges of visualizing nultivariate
pal eoclimati c data were addressed by Di Bi ase et al.

(1994) in order to accommopdate the needs of the
University’'s Earth System Sci ence Center, an
interdisciplinary unit which studies the earth’s history
and human inpacts on the earth system This application
simul ates three to five climtic phenomena for nine to
twel ve atnospheric |evels. Environmental nodeling
activities were enhanced using the visualization approach
by Thorpe and Karim (1997) of the MCNC-North Carolina
Superconputing Center. They devel oped views of ground-

| evel ozone concentrations as predicted by the MCNC
MACSI P nodel , rush-hour nitrogen oxide em ssions that
were used as input into the Urban Airshed Model, surface

evaporation during January as predicted by a gl obal
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climate nodel, and carbon nonoxi de concentrations as
predi cted by the MCNC MAQSI P nodel .

Research activity in the visualization of data
quality has offered a nunber of inportant ideas.
Schol ars have been particularly interested in finding
ways to reveal the relative accuracy and reliability of
geographi c representations. Buttenfield and Beard (1994)
suggest that the goals of this research should involve
the incorporation of geographical realismand graphical
|l ogic into data quality visualizations. By deconposing
data quality into components of accuracy, resolution, and
consi stency, producers of data will be able to isolate
areas of concern and track them separately. They
recommend t he devel opnment of visual tools to nonitor
error propagation during G S nodeling. Van der Wel et
al . (1994) devel oped a framework for visualizing
information on data quality. They propose the use of a
vari ety of graphical synbolizations for alerting map
users to the problem of uncertainty in map data, such as
a blurring or fuzzy resolution of objects whose val ues
are less reliable and blinking objects to bring attention
to problem areas. Fisher (1996) has explored the use of
animation as a tool for visualizing the relative
reliability of spatial data. It provides a nethod for

examning reliability and in surface data using dot maps
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and digital elevation nodels.

The devel opment of interactive interfaces offers
greater control for the map user in managi ng the
vi sual i zati on process. A nunber of projects have been
devel oped to inprove this conponent of graphical
anal ysis. Howard and MacEachren (1996) have recognized
the increasing usage of digital mapping in scientific
research, and note the |ikew se increasing need for users
to mani pul ate map paraneters effectively and efficiently.
They propose a hierarchical approach to interface design
with conceptual, operational, and inplenentational
| evel s. They describe a prototype geographic
vi sual i zati on system that addresses each of these |evels
and culm nates in the production of a systemw th six
different types of interface “w dgets” that allow the
user to control the nmap base, drawi ng tools, pop-up nenus
for selecting actions, text, map mani pul ati on, and
poi nting. Lindhol mand Sarjakoski (1994) suggest that
cartographers will nore and nore become user interface
desi gners, because the task of presentation has to be
adapted to individual users rather than the traditional
creation of static maps. They offer sonme ideas on the
design of these new interactive map interfaces, with a
gui di ng principle that the user should be allowed to

think only of the data and forget all about the.



52

Medyckyj - Scott (1994) points out what nmay seem obvi ous:
that the conponents of interaction influence effective
interaction. He agrees with others in the call for
further research into the nature of human interaction
with these systens in order to design nore effective
i nterfaces.

Ef fective and appropriate design is a core
consi derati on anong scholars in cartography, and the
devel opnment of new representation using nodern conputing
technol ogi es has renewed the dial ogue in cartographic
design. Monnonier (1996) has expressed the view that
t hese new rapidly paced ani mated maps created to
represent a sequence of spatial change over time can, in
sone instances, be visually disorienting due to shifts
and flickering of symbols and patterns. He suggests a
nunber of approaches to help map aut hors avoid deceptive
novenment, including dissolves or fades to dim nish such
effects that occur in transition fromframe to frane.
Vailiev (1996) reviewed and di scussed fundanental issues
in the mapping of tine. There are nmonents (events that
occur at a given tinme in a given place), there is
duration (how long?), there is structured tinme (how tine
is organi zed), there is time as a distance (neasured
time), and there is space as a clock (spatial relations

as a neasure of tine). Each of these issues requires
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di fferent synbolization. Taylor (1996) has summuari zed
t he evolution of cartography, with the adnonition that
mul ti medi a and tel ecommuni cati ons devel opnents are
dramatically changing the role of cartographers as
geographic information scientists, and Muehrcke (1996)
relishes the prospect of incorporating nore design
di mensi ons (sound, animation, and interactivity) into
cartographi c products. He welconmes the notion that the
map itself no | onger needs to be designed to serve as the
primary storage medi um for geographical information,
because el ectronic maps are thensel ves backed up by vast
georeferenced data hol dings. The new cartographic design
paradi gm now focuses on the role of maps as graphi cal
interfaces to these spatial databases.

Finally, map animation is becom ng an increasingly

i nportant conponent of the visualization tool-kit. It is
particularly attractive for geographic anal ysts worKking
with | arge spatio-tenporal data sets. Dynam c vari abl es
may be used to enphasize the | ocation of a phenonenon,
enphasi ze its attributes, or visualize change in its
spatial, tenporal and attribute dinmensions (Di Bi ase et
al ., 1992). Sone have explored how tine series data
correspond through the use of synchronization.
Synchroni zation is used to identify patterns where, if

peaks and troughs in data relations match they are in
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phase, and if they do not match they are out of phase.
Thi s synchroni zati on of relationships my be used for the
vi sual expl oration and anal ysis of causal relationships,
such as exists with rainfall and vegetation (Blok et al.,
1999). Ot hers have explored the relative merits of
static versus animated maps in the visualization of
spati o-tenporal data. The advantages of animation over
the traditional static map forminclude the ability to
show the dynam cs of the data using a single map rather
than map nultiples. In a recent study Johnson and Nel son
(1998) found that test subjects were able to |learn and
remenber trend patterns in the data nore effectively from
the map ani mati ons than fromthe static maps.

A consi derabl e volunme of the research published in
geogr aphi ¢ visualization has been sonmewhat phil osophical
or theoretical in nature. The devel opment of
applications and interfaces figured prom nently as well,
al though to a perhaps sonewhat |esser extent, and issues
of synbolization and design |ikew se represent a

signi ficant concern anong cartographers.

2.8 VI SUALI ZATI ON AND SPATI AL ANALYSI S
Hi storically, the geographic analysis of spatio-
tenporal data sets has involved the aggregation of non-

uni form boundary units into | arger nested enuneration
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areas. Unfortunately, this approach sacrifices an often
significant |l evel of detail by virtue of the aggregation,
with a coincident |oss of conveyed information. The use
of map animation as a spatial analysis tool, on the other
hand, provides the ability to accelerate tinme wthout
effect on data structure in the process of searching for
space-tine patterns. Map ani mations provi de visua
representations that illum nate the process and enhance
i nductive reasoning. The animation of spati al
characteristics is a strong conpani on tool for spatial
anal ysi s because it conbi nes the conmuni cati on power of
maps with an el enent of tenporal dynam sm  Some argue
that the use of video nmedia to explore geographic data
provi des the means to better observe spatial patterns and
processes than possible when sinply nodeling data
mat hematically (Openshaw et al., 1994). Ohers have
shown that the utilization of cartographic statistical
surface nodels in the spatial analysis of data collected
during consecutive census periods provides an effective
means to mtigate the problens associated with differing
areal units. Bracken and Martin (1995) describe such
cartographi c nodeling as “conputationally el egant” and
consistent with the theoretical assunptions of geographic
information science. At the very |east, as part of a

growi ng body of automated geographic research nethods,
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map ani mati on can provi de val uabl e supporting evidence in
t he anal ysis of spatio-tenporal processes.

Consi der abl e support exists for the enpl oyment of
such aut omat ed geographic investigative techniques
of fered through geographic information systens. Oten,
map ani mati ons are used to descri be processes of spati al
di ffusion, with a goal of understanding spatio-tenporal
structure in order to predict future trends. Gould
(1993) suggests that because the human brain is quite
adept at discerning such visualized spati otenporal
i nformation, these geographic visualizations are
appropri ate exploratory foundations for quantifiable
anal yses. Fot heringham (1993) believes that spati al
analysis will derive considerable benefit fromthe
interactivity offered by G S based anal yses, and al so
expects a refocusing of attention on such fundanental
i ssues as the nodifiable areal unit problem Sui (1994)
foresees a growing role for G S in spatial analysis and
suggests the possibility that GI'S and social theory can
become nore positively interrelated in scholarly urban
research. Clark (1993) views the energence of G S as a
powerful tool for “small area anal ysis” as a neans for
extendi ng spatial forecasting, enuneration, and anal ysis.
Openshaw (1994) puts forward the notion that the

utilization of G S in spatial analysis nakes data
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exploration a nore creative activity and stinmul ates
researchers’ intuitive capabilities. Dorling (1995)
asserts that the social patterns reveal ed by
visualization reflect a broader reality associated with
spatially changi ng social structures. These vi ews
represent a grow ng consensus anong enpirici st
researchers regardi ng the consi derabl e research val ue
associated with the evolving relationship between

geographic informati on science and spatial anal ysis.

2.9 URBAN SOCI AL PATTERNS

There exists a |large body of research in the social
sciences related to the study of changi ng urban soci al
patterns. Investigators have explored a breadth of
perspectives related to the socioecononic stratification
of urban | andscapes. In mgjor U S. cities throughout the
twentieth century, race has been a primary characteristic
associated with this stratification.

A portion of this research is theoretically
oriented. The follow ng exanples represent a sanpling of
t he many studi es docunenting the considerabl e extent of
raci al separation that exists between African-Anmericans
and Whites. Recent quantitative neasures have indicated
that for several of the |largest urban areas, the extent

of the social isolation related to this separation is
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nmore extreme than previously recognized (Massey and
Denton, 1989). O her research suggests that despite the
pr of oundness of the social separation there is evidence
suggesting that, when the majority of U S. nmetropolitan
areas are included in the analysis, a nodest overal
decline in the ampunt of residential separation is found
(Farley and Frey, 1994). Community change from census to
census has been explored froma diffusion perspective, in
an exam nation of the role depopul ation plays in the
growth of extreme poverty areas (G eene, 1991). The
expansi on of predom nately African-Anmerican residential
space i nto suburban regions has been exam ned for
underlying social factors, uncovering evidence that
nei ghbor hood denographic transition remai ns an ongoi ng
process (Clark, 1988) and that social isolation between
African- Anericans and Whites |i kew se continues largely
unabat ed (Massey and Haj nal, 1995; Phel an and Schnei der,
1996) .

O her exanmpl es of research related to race and
residential behavior are offered as evidence to encourage
or support governnmental action. The investigation of
residential mgration patterns has provided insights
useful for the devel opnent of urban policy related to the

political managenment of nmetropolitan areas (Adans et al.,

1996). The status of mnority suburbani zati on has been
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reviewed to determ ne general popul ation characteristics,
in order to evaluate rel ati ons between gover nnent
i nfluence and quality of life (Phelan and Schnei der,
1996). The desegregati on of residential space has been
found least likely to occur in netropolitan areas that
are home to a relatively high proportion of African-
Ameri can undercl ass, and nost likely to occur in
metropolitan areas where the proportion is so | ow that
desegregati on woul d be possible w thout threatening
theoretically established Wite preference |evels for
limted social contact with African-Ameri cans (Massey and
Gross, 1991).

Nunmer ous researchers have pointed out that white
flight commonly occurs in response to African-Anmerican
residential entry into neighborhoods that previously had
a very high proportion White, when those nei ghborhoods
are adjacent to areas that are already predom nantly
African- Aneri can (Davies and Herbert, 1993; Ley, 1983 ;
Hart shorn, 1992; Rose, 1971). Concepts such as invasion-
succession, filtering, tipping-point mechanism and
gentrification are routinely enployed by geographers
engaged in the study of race and residential behavior
(Davi es and Herbert, 1993; Hartshorn, 1992). Rose (1971)
has i ndicated that despite such recognition of these

princi pal dinmensions of expected human behavior, the role
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of race is but one anpbng nmany vari ables that pronote a
difficult-to-predict social response. He includes
housi ng age, characteristics of tenancy, quality of
school s, econonm ¢ and social status, life cycle stages,
housi ng accessibility, and the general condition of the
| ocal real estate market as inportant factors influencing
whet her or not a nei ghborhood experiences a dramatic
change in racial conposition. One factor that has been
explored relates to the influence social preferences play
in residential choice. Enpirical testing associated with
this research confirns apparent behavior: that Wite
popul ations prefer |iving anmong hi gh proportionate
popul ati ons of their own racial group, and are |argely
unwilling to remain in or nove into majority African-
Ameri can nei ghborhoods (Clark, 1991; C ark, 1989). Sone
research focuses on African-Anmerican conmunity growth and
portrays ghetto expansion as a diffusion process nuch
i ke the spatial adoption of a new innovation, with
growt h spreadi ng away from an established core. 1In the
m d-1960's, Morrill (1965) devel oped a diffusion nodel to
simul ate the expansion of African-Anmerican ghetto space
in Seattle. He characterized African-Anericans as
“active” agents and Whites as “passive” agents of
resi stance or inertia, and he recogni zed that ghetto

expansi on did not progress uniformy along all borders
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(Morrill, 1965). |In the netropolitan Atlanta area, this
territorial growth has occurred first to the west and
sout hwest and then, nore recently, to the southeast and
east .

Race and residential space has been a subject of
| ongst andi ng concern anong social scientists. Finding
t he neans to enhance understandi ng of the soci al
relations that play a role in population dynamcs is a
wort hy goal, and the tools of geographic visualization

may yet prove valuable in this regard.



CHAPTER THREE

MVETHODOL OGY

3.1 CARTOGRAPHI C GROUNDWORK

This research provides an assessnent of cartographic
visualization via map animation as a tool for urban
spatial analysis. The focus is on the five innernost
counties of the nmetropolitan Atlanta area (Fulton,

DeKal b, Cobb, Clayton, and Gwm nnett), which were sel ected
due to a conbination of factors including the clearly
defi ned soci al separation existing between African-

Ameri can and White popul ati ons and the dramatic

popul ati on growt h experienced in the region during the

| atter decades of the twentieth century. Before thematic
maps and subsequent ani mati ons coul d be devel oped,
however, a bit of data editing and managenent was
required.

Data coll ected and conpiled by the United States
Bureau of the Census during decennial census years 1960,
1970, 1980, and 1990 for census tracts in the five
sel ected counties of the netropolitan Atlanta area were

utilized. The mapping of selected data begins with the
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1960 census year because that was the first period when
t he Bureau of the Census published census tract data for
all five counties (the 1950 census included census tract
data for little nore than the area bounded by Atlanta’s
city limts). Data for the project were selected as
benchmar ks of soci oeconom c status for popul ati on,
education, inconme, and housing characteristics, and were
somewhat restricted or limted to those data which
appeared consistently on each of the decennial census
reports. The selected data include total popul ation,
total white popul ation, total black population, total
househol ds, persons in household, total popul ation
twenty-five years or older, total w thout high school
di pl oma, total with bachel ors degree, nedian famly
i ncome, total housing units, total owner-occupied housing
units, total renter-occupied housing units, total units
| ess than ten years old, nmedian val ue owner-occupi ed
housi ng, and nmedi an gross rent (a combi ned val ue of rent
and utilities).

Most of the test variables were derived fromthe
di screte totals |listed above into proportionate
(percentage) val ues such as percent white popul ati on,
percent bl ack popul ation, percent housing | ess than ten
years ol d, percent owner-occupi ed housi ng, percent

renter-occupi ed housing, percent w thout high school
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di pl oma, and percent w thout bachelors degree. Median
fam |y income, nedian val ue housi ng, and medi an gross
rent required no derivation.

Before these data could be mapped in digital form
for the devel opnent of thematic map ani mati ons, there had
to exist digital versions of census tracts for each of
the selected decennial years. Digital data for the 1990
census tracts were readily available in the formof the
Bureau of the Census’ Topol ogically Integrated Geographic
Encodi ng and Referencing (TIGER) files. TIGER was
devel oped for the 1990 census as a refinenent of the
Bureau of the Census’ previous attenpt at devel oping a
digital infrastructure for mapping census data known as
Dual | ndependent Map Encoding (DI ME). TIGER overcane
sone of the limtations of the DI ME system by enhanci ng
t he geocodi ng of spatial features, inproving the
t opol ogi cal nodel, and by incorporating a greater variety
of cartographic objects including hydrography and a
greater nunmber of cultural features (Clarke, 1995;

DeMers, 1997).

In order to provide digital base maps for census

tracts fromthe decennial census years 1960, 1970, and

1980, the 1990 digital census tracts were deconposed, so

to speak, backwards through time (Figure 3-1). For nost

instances, this required a joining together or nerging of
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existing tracts to formthe previous unit. The nost
common practice in the changing of census tracts from one
decenni al census year to a subsequent decennial census
year involves splitting a |arger tract into two or nore
smal |l er tracts when popul ation increases beyond a given
threshold. The goal is to maintain census tract
popul ati ons that are sonewhat equivalent in population,
in order to gain nmeaningful information about
soci oeconom ¢ characteristics of urban | andscapes.

At this point the issue of the nodifiable areal unit
probl em ( MAUP) shoul d be considered. Census data are
collected for things such as people and househol ds and
are reported for arbitrarily defined and nodifiable
enuneration districts with no intrinsic geographic
nmeani ng. The problem arises in that analytical results
are sonmewhat dependent upon how and where these
enuneration districts are defined. It is the arbitrary
and nodi fiable nature of these districts that can affect
the reliability of the results in varying degrees
(Openshaw, 1984).

There are occasi ons when census tract boundaries
change in response to factors other than sinple
popul ation growth. In these instances the boundaries may
be adjusted to reflect significant changes in the

physi cal environment as well as other less readily
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identifiable factors, and historic tract nunbers have
sonetimes been elim nated when their geographic areas
wer e absorbed into surrounding tracts. In the case of
nmetropolitan Atlanta, these changes have nost frequently
occurred in the area surrounding Hartsfield Atlanta
I nternational Airport, although they are found in other
| ocations as well.

The Bureau of the Census provides information with
each decennial reporting about census tracts that were
split due to popul ation increases between decenni al
census years and other factors. This information
i ncl udes the previous and current census tract
identification nunbers. The Bureau of the Census al so
produces maps delineating census tract boundaries for
each of the decennial census years. These two sources
were used in the deconposition of the 1990 digital census
tract map backward through tine to produce digital
versions of first the 1980, then the 1970, and finally
t he 1960 census tract boundary naps.

For each of the decennial census years considered in
this project, there was strong population growth in the

region, with a corresponding increase in census tracts

(ELgure 3-2). Over the course of the thirty years

explored by this study there was a 214 percent increase

in population in the five inner counties, and a
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coi nci dent 205 percent increase in the nunber of census
tracts. Not surprisingly, during the earlier portion of
this time period, the majority of tract splits occurred
toward the urban core, while during the latter years the
majority of tract splits occurred toward the periphery.

The cartographic editing of the TlIGER census tract
data was acconplished in ArcView GS, resulting in the
production of “shapefiles” (a proprietary format comonly
used for geographic feature data by the ArcView software)
for each of the decennial census years. During the
process, split tracts fromlater years were nerged into
| arger tracts for earlier years, and the Federal
I nformati on Processing Standard (FIPS) codes were
li kewi se edited to reflect the changes in attri butes.

Al so, those tracts whose boundaries were nodified due to
changes in the physical environnment or for reasons other
than sinple tract splits due to population growth (such
as changes in the physical environnent associated with
vari ous expansions of Hartsfield Atlanta |International
Airport) were edited to conformto boundary changes

identified using the Bureau of the Census tract maps.

3.2 REG ONAL ORI ENTATI ON

The inner five counties of the netropolitan Atlanta

region (Eigure 3-3) conprise the majority portion of
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popul ation in the urban area. The city of Atlanta is
found nostly within the perinmeter highway (Interstate
285) that |oops around the town as part of the hub,
spoke, and wheel configuration of mmjor transportation
arteries in and around the city. The city of Atlanta is
| ocated primarily within central Fulton County, with a
relatively small portion |located in DeKalb County al ong
the political border of those two counties. Fulton
County is somewhat unusual ly configured, having been
pi eced together over the course of the past 150 years
froma patchwork of former counties. It has a |ong,
| i near configuration ranging roughly sixty mles from
northeast to southwest extents, with its wi dth narrow ng
to approximately two mles across near the northwest
corner of DeKalb County. DeKalb County, to the near east
of Atlanta, is bisected by Interstate 285 and crossed by
Interstates 85 and 20. Clayton County is found to the
south of town, and Hartsfield Atlanta International
Airport is located along its north-northwest border with
Ful ton County. Cobb County is found to the northwest of
town, just across the Chattahoochee River that fornms the
border with Fulton County. Gw nnett County is located to
t he northeast of DeKalb County, with a |long stretch of
Interstate 85 passing through its nore northerly extent.

There has been consi derabl e population growth in the
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region during the latter portion of the twentieth century

(Figure 3-4). In 1960 nost of the urban popul ati on was

concentrated within an area that would becone encircled
by the Interstate 285 perinmeter highway |oop (this

hi ghway was in planning and devel opnent in 1960 and was
conpl eted during the subsequent decade). By 1970 there
was evi dence of popul ation expansion in the urban area
around the northern arc of Interstate 285 in north Fulton
and DeKal b Counties, and in central Cobb County. This

ur ban popul ati on expansi on continued into 1980 with signs
of growth in northeastern Cobb County, eastern DeKalb
County, central Clayton County, and sout hwestern Gw nnett
County. Finally, the popul ation growth and expansi on of
urban area was found throughout nost of the five county
regi on under consideration by this project, with the
exception of southwestern Fulton County, the southernnost
tip of Clayton County, and the far east reaches of

Gam nnett County.

3. 3 PREPARI NG THE ANI MATI ONS

Themati c maps of el even variables for each of the
decenni al census years were produced in ArcView G S
(Environnental Systens Research Institute, 1998),
provi di ng snapshot views illustrating netropolitan

Atl anta’ s changi ng soci oeconom ¢ | andscape. ArcViewis a
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desktop GI S package which does not include anong its
standard options the ability to produce ani mated maps, so
after the maps were devel oped, they were exported as
bitmap i mages in Joint Photographic Experts G oup (JPEG
format and converted to 8-bit color Graphics Interface
Format (G F) images for the construction of G F
animations. G F is an imuge file format devel oped by
ConmpuServe (an electronic information service and
i nternet service provider) for use by a wide variety of
conputer systens (Peterson, 1995). The G F formt was
devel oped with greater versatility than other imge file
formats, with the ability to show both single franes as
wel | as incorporate sequences of inmges, and it offers
sone advantages for web-based internet aninmations.
Primary anmong these advantages is the ability to run G F
ani mtions on a web browser (such as Netscape or Internet
Expl orer) as stream ng technol ogy wi thout requiring
addi ti onal software or “plug-ins” for view ng (Koman,
1996) .

The JPEG map files were inported into Corel Photo-
Pai nt (Corel Corporation, 1996) for conversion to single
frame G F i mges, and then the individual frames were
sequenced and saved as G F animation files. The
ani mtions were produced to show maps in pairs, so that

each of the selected soci oeconom c vari abl es can be
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visually conpared with percent white popul ation.

3.4 ASSESSMENT | NSTRUMENT DESI GN

The somewhat recent devel opment of the internet and
world wi de web provides an opportunity for those engaged
in cartographic research to distribute surveying and
testing instrunments to a fairly w de audience with
relative ease. Both static and ani mated nmaps can be
vi ewed using a web browser such as Netscape or |nternet
Expl orer regardl ess of the computer platform (Wndows PC,
Maci nt osh, or Unix systems). Anpbng the goals of this
research is the devel opnent of a suitable cartographic
eval uati on and survey instrument that could be used to
gat her test subject responses froma w de range of
| ocati ons, whether here in University of Georgia
Departnment of Geography conputer |abs or from anypl ace
around the world with internet access.

Once the maps were prepared for viewing as G F
ani mati ons, the next step was the design and
i mpl ementation of the evaluation and survey instrunment.
This was acconplished using Hyper Text Markup Language
(HTM.) and Common Gateway Interface (CGE) programs. HTM
is the standard progranmm ng | anguage used to create the
pages viewed via web browsers and CG is a scripting

program that is commonly enbedded within HTML code to
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create fornms for online data collection (Harder, 1998).
The fornms are devel oped using HTM.'s formtags,
attributes, and values. However, HTM. is only good for
designing the fornms because it doesn’t have the
capability to do anything with the information entered
into the forms -- HTM. sinply provides the fields in
whi ch users enter information. CG provides the neans
for gathering forminput. CG forns processing scripts
can be witten in any |anguage, but they are npst
commonly witten in UN X-based scripting | anguages such
as Perl, TCL, the C Shell, or the Bourne Shell (Muiller,
1996). The CG scripts used to gather the data coll ected
in this cartographic visualization survey and eval uation
instrunent were witten using Perl (Practical Extraction
and Report Language), which is anong the nore popul ar
| anguages used for web-based data processing.

The survey instrument (click here to access the

survey instrunent) for this research project was

di stributed via the world-w de-web. The first page of
the instrunent provides an introduction to the project.
It identifies the research goals, provides instructions
for optim zing web browser settings, briefly discusses
the theoretical foundations of the project and gives a
very basic description of data correl ation, describes

characteristics of the study area and sel ected data, and


http://graduate.gradsch.uga.edu/etdarchive/RBeaversphd/instrument.html
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it includes a formfor test subjects to enter their nanes
and contact information. This introductory page is
foll owed by three pages of “training” animation sets,
whi ch provide the test subjects the opportunity to
visually exam ne ani mated map pairs where the nean
correlation values are provided in the text content found
on the web page. In order to focus the test subjects
attention on the map ani mati ons and prepare them for the
task of visually estimating correlations anong the
presented data, they were asked to enter a description of
the spatial and tenporal patterns they observed anong the
data presented via animated maps. The training
ani mati ons i ncluded maps showing data with a very high
negative correlation, a high positive correlation, and a
very low correlation. After view ng these training
ani mati ons, test subjects proceeded through seven test
map ani mation pairs representing a variety of
unidentified positive and negative correl ations, and they
were asked to visually estinmate data correl ation based
upon the presented information as well as verbally
descri be the observed spatial and tenporal patterns. All
of the map animation pairs utilize the percent white data

as the variabl e against which correlations are esti mted.
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3.5 SELECTI ON OF TEST SUBJECTS

Vi sual i zation, whether in the broader scientific
context or the nore specific geographic focus considered
in this research project, refers to the use of conputer
technol ogies to graphically explore and anal yze grow ng
volumes of spatially referenced data. This approach is
typically, although not exclusively, enployed by
researchers who have an existing know edge base of the
subj ect of analysis, and they are able to use that
know edge base in the interpretation of data presented
t hrough visualization (Buttenfield and Mackaness, 1991).
According to MacEachren et al. (1992, p. 101),
“geographic visualization is forenost an act of
cognition, a human ability to devel op nent al
representations that all ow geographers to identify
patterns,” in a process that involves exam ning virtual
| andscapes from a variety of perspectives.

Many, if not nost, geographers are endowed with
innate spatial thinking skills. These skills can provide
an advantage for the interpretation of visualized
geographi ¢ phenomena. Research in cognitive psychol ogy
has consistently found that expertise plays an inportant
role in conplex information processing, particularly in
the interpretation of visual and graphic displays

(McCGui ness, 1994). The know edge, experience, and
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spatial concepts brought by geographic researchers to a
vi sual i zati on analysis form an inportant conponent of the
overall visualization framework (Medyckyj-Scott, 1994).

The background and experience of those who enpl oy
vi sual i zati on nethods is of obvious inportance to its
effective application. For this reason, geography
students (both upper-division undergraduate majors and
geogr aphy graduate students) fromthe University of
Georgia formed the pool of test subjects for this

research endeavor

3.6 SURVEY AND RESPONSE

By its nature, the web-based survey instrument with
its introduction and ten sets of animted map pairs for
visual reviewis a bit time consum ng, taking
approximately thirty mnutes to conplete. Questions
asked of the respondents were limted to one quantitative
response and one qualitative response for each of the
seven test aninmated map pairs. Additionally, test
subj ects were asked to provide a qualitative assessnent
of observed spatial patterns fromthe three training
ani mted map pairs that were used to focus their
attention on the research task.

The quantitative response called for the test

subjects to view the animated nmap pairs and estimte
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based upon vi sual observation the degree of correlation
evi dent between the data vari ables presented in the
ani mtions. They were required to select froma series
of “radio buttons.” Radio buttons are part of the web
graphic interface that allows for the selection of one
and only one option anong several choices with selections
recorded via CA scripting. In this case there were
twenty-one options found on a sort of correlation
coefficient scale bar ranging fromnegative 1.0 to 0 to
positive 1.0 in 0.1 increnents, with the varying degrees
of correlation identified as ranging from“Very Strong”
to “Strong” to “Weak” for both negative and positive
sel ecti ons and depending on how far away from O the
correlation estimate sel ection was found.

The qualitative response was included to allow test
subj ects the opportunity to subjectively describe any
spatial patterns they m ght observe in the ani mated map
pairs. It was anticipated that sone of the test subjects
woul d be nore adept at perceiving the relative strength
of relations anong the presented data than others, and
this qualitative conponent provided a second opportunity
for themto verbalize their assessments w thout the

l[imts inposed by the estimting of correlation val ues.
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3.7 STATI STI CAL ANALYSI S OF CORRELATI ON ESTI MATES

In order to statistically analyze the results of
test subject estimtes of correlation values for the
seven test aninmated map pairs, two approaches were
utilized. The first step involved treating the data as
two groups for conparison (the averages of actua
correlation coefficients for the selected data and the
averages of estimated correlation coefficients for the
sanme data) using t-test for paired sanples. The second
step invol ved anal yzi ng test subject correl ation
estimates using single sanple t-tests to assess whet her
there were significant differences between the estinmated
and actual correlations on an individual basis for the
seven test aninmated map pairs. This procedure enploys a
test value (in this case the mean actual correlation
coefficient) as the nean the test subjects’ correlation
estimati ons are conpared agai nst.

Using a t-test for paired sanples provides a nethod
to evaluate in a very general sense whether or not the
correlation estimates approxi mate the actual correlation
averages as two groups of data. For this case the nul
hypot hesis would be that there is no statistically
significant difference in the neans, and the alternate
hypot hesis would be that there is a statistically

significant difference in the neans. This approach
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provi des an overall statistical view of the results.

To take this one step further, and evaluate the
results on a case by case approach, a single sanple t-
test is enployed to assess whether there are significant
di fferences between the estimted and actual correlations
i ndividually. The single sanple t-test conpares the
results of the correlation estimtes for each individual
case of test subject consideration of animated map pairs
with the average correlation coefficient fromthe actual
data used to produce the thematic maps. Again, the nul
hypot hesis would be that there is no difference between
the estimated correl ation values and the actual average
val ue, and the alternate hypothesis would be that there
is a statistically significant difference. For this
procedure there are results generated for each of the
seven test animated map pairs, providing a nore specific
i ndication of the relative accuracy of the correlation

esti mat es.

3.8 GRAPHI NG THE CORRELATI ON RESULTS

As a follow up to the statistical analysis, bar
graphs of the correlation estimtes for each of the seven
test animation pairs were produced, showing the relative
accuracy of all responses in conparison with the average

of the actual correlation coefficients. This provides an
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opportunity to consider both the larger trend of the
responses as well as identify outliers that m ght have
affected the statistical anal yses.

The results presented in these graphs will be
subjectively evaluated in relation to overestimati on
underestimati on, and reasonabl e accuracy. Furthernore,
the information they present will be considered in terns
of the overall effectiveness of estimating correl ations

based on ani mated map pairs.

3.9 EVALUATI NG QUALI TATI VE ASSESSMENTS

For all ten sets of animated map pairs, including
the three training sets and the seven test sets, the test
subj ects were asked to provide verbal assessnments of
spatial and tenporal patterns observed while view ng the
ani mted map pairs. These qualitative assessnents
provi ded the test subjects with the opportunity to
express their observations outside of the limts of the
correlation estimation. It was hoped that these
assessnments woul d provide a greater breadth of response
related to general spatial and tenporal patterns that
woul d go beyond the correlation estimates into nore
general considerations of the data under consideration.

Al'l of the comments were conpiled into separate

files for each of the ten animated map pairs. Sel ected
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representative responses will be presented for each set

of the ani mati ons,

di scussed.

and these qualitative results wl

be



CHAPTER FOUR

RESULTS

4.1 CARTOGRAPHI C ANALYSI S

Wth all of the recent innovations in geographic
i nformation science, the devel opnent of cartographic or
geographi c visualization nethods is a |ogical outcone. A
si zabl e anount of spatially arrayed data are now bei ng
expl ored and anal yzed usi ng mappi ng technol ogi es, and
this is only the beginning.

The future is w de open for the devel opnment of new
applications based on these new geographi c anal ysi s
tools. Nunerous nodeling procedures are com ng of age
with the technol ogy and spatial analysis algorithns are
being tailored to the capabilities of this enmerging
nmet hodol ogy. Each new advance nerits a cl oser
exam nation into the nature of the insights and
information offered. Yet how effective are these new
procedures at providing enhanced views of the world
around us?

There are so many cl ains being presented by those

who chanpi on the cause of cartographic or geographic

85
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visualization. This research project addresses one
aspect of those clainms by investigating the ability of
map users to estinmate correlations anong data given
ani mted map pairs that visualize changi ng soci oeconom c

condi ti ons across an urban | andscape.

4.2 TEST SUBJECTS

Fifty five geography students (twenty upper-division
undergraduate and thirty five graduate) participated as
test subjects in this research project. They interacted
with the web-based survey instrunent without difficulty
and with apparent interest and enthusiasm Although a
few of the test subjects expressed doubts about their
ability to visually discrimnate correlations from
viewi ng the animated map pairs, all approached the task
earnestly and provided responses for each of the
guesti ons.

Most of the tests were run in one of the several
Uni versity of Georgia Departnment of Geography conputer
| abs, but several were conducted off-site by forner
department students (both undergraduate and graduate).
These off-site subjects served to denonstrate that
successful use of the web-based survey instrunent was not

limted to | ocal inplenentation.
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4.3 QUANTI TATI VE MEASURES

Statistical analysis of the correlation estinmates
for the seven test animted map pairs was undertaken
utilizing two approaches: a paired sanple t-test and a
single sanple t-test. The paired sanple t-test was
enpl oyed to conpare the correlation estimtes with actua
correlation values (using the averages of actual
correlation coefficients for the selected data and the
averages of estimated correlation coefficients for the
sanme data). The single sanple t-test was used to assess
whet her or not there were significant differences between
the estimated and actual correlations on an individual
basis for the seven test animated map pairs.

Before discussing the results of these procedures,
it is appropriate to address a few issues related to
correlation. Correlation anong the selected data plays a
key role in this research project, and the correlation
val ues associated with these data di splay sone

i nteresting characteristics.

4. 3.1 DATA CORRELATI ON

In order to provide a neasure of conparison with
correlation estimates, a neasure was derived fromthe
actual correlation values for each of the test variables

with percent white population (used consistently as the
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i ndependent variable in the survey instrunent) in each of
t he decenni al census years (Table 4-1). The neasure used
for this purpose was the mean of the actual correlation
coefficients, hereafter referred to as MACC

The correl ati ons were cal cul ated usi ng SPSS ( SPSS
Inc., 1997), a popular statistical software package
avai l able for use in the Wndows PC conputing
envi ronnent. These correlations were cal cul ated as
Pearson Correl ation Coefficients, which are found by
di viding the expl ained variance by the total variance and
taking the square root (Fischer, 1996). Conputed
correlation coefficients range froma possible -1.0 to a
possible +1.0, with the sign indicating the direction of
the relationship. A negative value indicates an increase
in the i ndependent variable that is associated with a
decrease in the dependent variable. A positive value
i ndicates an increase in the independent variable that is
associated with an increase in the dependent vari abl e.
If the correlation coefficient is neither positive nor
negative -- a 0.0 value -- then there is no relationship
observed between the two variables, and an increase in
t he i ndependent variable results in neither an increase
nor a decrease in the dependent variable. The relative
strength of the relationship is indicated by how cl ose

the correlation coefficient is to 1.0 (positive or



Tabl e 4-1

Correl ation Coefficients for
with Percent White Popul ation

Test Vari abl es

89

Vari abl e

Percent Bl ack
Popul ati on

Medi an Fam |y
| ncome

Popul ation per
Househol d

Medi an Val ue
Housi ng

Medi an G oss
Rent

Per cent Housi ng
< 10 Years Ad

Percent Owner -
Occupi ed Housi ng

Percent Renter-
Occupi ed Housi ng

Percent Wt hout
H. S. Diploma

Percent Wth
Bachel ors Degree

1960

1970

1980

1990

Mean

-0. 9994

0. 5247

- 0. 3289

0.3791

0. 4446

0. 2473

0.5128

1
o

. 5164

1
o

. 5327

0. 3415

- 0.

9999

. 5724

. 2231

. 4606

. 5337

. 2843

. 4112

. 4160

. 5371

. 3780

-0

. 9996

. 6948

. 1576

. 6146

. 6011

. 4437

. 4660

. 4295

. 6274

. 5457

- 0.

9667

. 6984

. 0585

. 5591

. 6409

. 5546

. 5090

. 3991

. 6700

. 6559

-0

. 9914

. 6226

. 1920

. 5034

. 5551

. 3825

. 4748

. 4402

. 5918

. 4803
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negative) as opposed to a 0.0 value. The closer the
coefficient is to +/- 1.0, the stronger the relationship.
Coefficient values are interpreted as foll ows: val ues of
0.0 to 0.19 are considered very weak; values of 0.20 to
0.39 are considered noderately weak; values of 0.40 to
0.59 are considered noderately strong; values of 0.60 to
0.79 are considered strong; and values of 0.80 to 1.0 are

consi dered very strong (Fischer, 1996).

4.3.2 TRENDS | N THE CORRELATI ONS

There are sonme interesting trends to be observed
anong these values. Sone of the correlation val ues
I ncrease over time, some of the correl ations decrease
over time, and sone of them hover around the sane val ue
t hrough the years, and one of the sets of correlations
remai ns extraordinarily high throughout these years.

At the top of the list are the correlations between
percent white and percent black popul ations, which are
extremely high negative and show only the slightest
decrease over time. This high negative correlation is
not surprising because the relative proportions of
percent white and percent black popul ations are inversely
related. Nevertheless, it is readily apparent from
viewi ng maps of these two popul ations that there is

extremely high social separation between the two
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popul ati ons, and this provides a focal point for the
remai ning correlations utilized in this project. Are
there readily identifiable socioecononm c factors that can
be associated with the spatial patterns evident within
this social separation? White residential patterns
appear to hold the key in this matter, and this is why
percent white population is used as the independent
variable for correlations with the sel ected soci oeconon c
data and is presented as such in the animted map pairs
used in the visualization test interface.

In addition to the very high negative correlation
bet ween percent white popul ation and percent bl ack
popul ati on, there were al so negative correlation val ues
found between the independent variable and popul ation per
househol d, percent renter-occupi ed housi ng, and percent
wi t hout hi gh school diploma. Popul ation per household
di spl ayed a decrease in correlation through the years
t hat, when considered with the general decrease in
popul ati on per household (averaging 3.40 in 1960 and 2.89
in 1990), mght indicate that the general decline of
househol d size was fairly pervasive throughout Atlanta
wi t hout regard for social characteristics. Percent
renter-occupi ed housing al so displays a decrease in
correlation through the years. Perhaps this is

i ndicative of increased accessibility to home ownership
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for African-Anmerican popul ations, although the answer to
this question is not the goal of this research. Percent
wi t hout hi gh school diplom, on the other hand, increased
in correlation through the years. This is sonewhat
intriguing, because throughout the five county region the
percent wi thout high school diplom averaged 59 percent
in 1960 and declined to an average of 22 percent by 1990,
but again this is not an issue considered by this
research project.

There were several positive correlation values found
bet ween the i ndependent variable and the sel ected
soci oeconom ¢ variables. These positive correl ations
were associated with median famly income, nedian val ue
housi ng, medi an gross rent, percent housing |ess than ten
years ol d, percent owner-occupied housing, and percent
wi th bachelors degree. Median famly inconme (data
adjusted to 1990 dollars) displayed increases in
correl ation throughout the years, coincident with a
regi on-wi de increase from 25,579 in 1960 to 40,818 in
1990. Correlation values for nmedi an val ue housing (data
adj usted to 1990 dollars) also rose through nost of this
period, although slipping sonewhat in 1990. Once again,
this represents a nore conplex matter than addressed by
this research. Median gross rent (data adjusted to 1990

dollars) is another variable that experienced increasing
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correl ation values through the years. Percent housing
| ess than ten years old |ikew se displayed increasing
correl ation values through the years, and this is not
surprising given the sprawl i ng suburbani zati on of Whites
during this period. The increased demand for houses on
the ever-spreading outskirts surely drives the supply of
new hones in this market. One interesting trend is
associ ated with percent owner-occupi ed housing.
Correlations for this variable declined a bit in 1980
then rose again by 1990 to a near 1960 value. |Is there
anyt hing of significance occurring here? There appears
to be insufficient data at this tine to offer a
meani ngful interpretation. Finally, the positive
correlation values for percent with bachel ors degree
increased to a nmuch greater extent than any of the other
variables. Significant portions of the high percent
whi t e popul ati on areas have coincident high values for
percent with bachel ors degree by 1990 (regi onal averages
of percent with bachelors degree ranged from9 percent in
1960 to 28 percent in 1990) and this trend is not
reflected in many of the African-Anmerican communities

represented in the map ani mati on pairs.

4. 3.3 PAI RED SAMPLES TEST

The first statistical analysis of test subject
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ability to visually estimate correl ati ons anong data
based on ani mated map pairs was conducted using a t-test
for paired sanples. This procedure conpares the neans of
two sets of data, conputing the differences between
val ues of the variables for each case and testing whet her
the average differs fromzero (Barber, 1988; Hammond and
McCul | agh, 1974). For this test the data were eval uated
as two groups, the first being the MACC and the second
bei ng the mean of the estimated correlation coefficients.

The result of the t-test for paired sanples
i ndicates that the two sets of neans did not differ
significantly. The values returned were t = -0.665 at a
significance level of 0.531. The null hypothesis for
this test (there is no statistically significant
difference in the neans) cannot be rejected and this
suggests that the test subjects generally succeeded wth
their collective attenpt to visually estimte
correlations fromthe animted map pairs. |In addition,
the two groups of means were highly correlated at 0.944,

and this high positive correlation is visually apparent

in a line graph of these data ([Eigure 4-1). These

numbers indicate that the neans of the estinated
correlation values followed a very simlar trend (in
terms of high to |ow and positive to negative values) to

that of the nmeans of the actual correl ation coefficients.
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Figure 4-1: Conparison of nean actual and nmean
estimated correl ati on val ues.
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4.3.4 SINGLE SAMPLE TESTS

While the result of the paired sanples t-test is
encouragi ng, it does not provide an effective indication
of how well the test subjects perfornmed on a case by case
basis. In order to assess the relative accuracy of the
estimated correlation values for each of the map
animation pairs, single sanple t-tests were enpl oyed.

The single sanple t-test procedure provides a
measure indicating whether the nean of a single variable

differs froma specified constant (Clark and Hoski ng,

1986). In this application, the specified constant — or
test value — is the nmean of the actual correlation
coefficients (MACC) per instance of conparison. |In other

words, the test subjects’ estimates of correlation for
each of the map animation pairs is eval uated agai nst the
mean correl ation coefficient derived fromthe actual
data. Like the paired sanples t-test, the nul
hypothesis is that there is no difference between the
estimated correl ati on values and the average actual
correlation value, and the alternative hypothesis is that
there is a statistically significant difference.

The results of the single sanple t-test (Table 4-2)
provi de support for the success of test subject
estimation of correlation for a few of the viewed map

animtion pairs. Estimates of percent white popul ation



Single Sanmple t-test

Tabl e 4-2

with Mean Act ual

of Correlation Estimtes

Correl ati ons

Vari abl e

Medi an Val ue
Housi ng

Medi an Gross
Rent

Per cent Housi ng
< 10 Years A d

Percent Owmner -
Cccupi ed Housi ng

Percent Renter-
Cccupi ed Housi ng

Percent Wt hout
H. S. D plom

Percent Wth
Bachel ors Degree

T e

S

t

Val ue

0.

503

. 555

. 382

. 475

. 440

. 592

. 480

t

1.785

. 285

. 811

. 867

. 349

. 064

. 740

Si gni fi cance

0. 080

0. 000

0.076

0. 000

0. 000

0. 000

0.462
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correlation with median val ue housi ng produced a t val ue
of 1.785 at a significance |evel of 0.080 when conpared
with the MACC. The null hypothesis cannot be rejected
for this case, indicating a good estinmate by the test
subjects. Estimtes of percent white popul ation
correlation with percent housing |less than ten years old
produced a t value of 1.811 with a significance |evel of
0.076 when conpared with the MACC. The null hypothesis
cannot be rejected for this case either, again indicating
a good estimate by the test subjects. Esti mat es of
percent white popul ation correlation with percent
bachel ors degree produced a t value of 0.740 with a
significance | evel of 0.462 when conpared with the MACC.
Once nore the null hypothesis cannot be rejected,

i kewi se indicating a good estimate by the test subjects.
These three cases out of seven test map ani mation pairs
provi ded the positive results indicating no significant
difference in the estimted and actual correlations. For
t he other four test cases (nedian gross rent, percent
owner - occupi ed housi ng, percent renter-occupi ed housing,
and percent w thout high school diplom) the nul

hypot hesis was rejected due to high t values and | ow
significance levels, and this indicates generally | ess
reliable estimtes of correlations by the test subjects.

It is worth considering, however, that the use of a nean
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actual correlation coefficient and its inability to
provi de a nmeasure of the range of actual correlations
present anong the data nay have affected these results.
The test subjects were, after all, observing the entire
range of correlation data in thematic map form during the

ani mati on | oops.

4.4 GRAPHS OF RESPONSES
Graphs of test subject responses were created in
order to visually analyze the correlation estimte
di stributions for each of the animated map pairs. The
responses appear as filled-area line graph overlaid with
t he nean of the actual correlation coefficients (MACC) as
represented by a single red |line and the nmean of
estimated correlation represented by a single green |ine.
The first graph presents correlation estimtes for
percent white popul ati on and nedi an val ue housi ng (
4-2), and it displays a slight (on average)
overestimtion of the correlation value, with the
maj ority of responses positively skewed fromthe actual
mean of correlation coefficients. Overall, this graphs
presents a good showing of estimation with only a few
outliers beyond the cluster of estimtes that surround
the MACC for this particular case (0.503). The nean of

the estimated correlations for this data was 0. 564.
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Conpared with the actual value this collectively
represented a very good set of estimtes by the test
subj ect s.

The second graph depicts correlation estinmates for

percent white popul ati on and nmedi an gross rent (Figure 4-|

3), and this reveals a somewhat | arger underestimation of
the correlation value, with the majority of responses
negatively skewed fromthe MACC for this particular case
(0.555). The nean of the estimted correlations for
these data was 0.316. The occurrence of severa
relatively extreme outliers nade this collection of
correlation estimates a bit | ess accurate than the
previous collection, but it could be argued that many of
the test subjects performed this estimation quite well.
The third graph displays correlation estinmates for

percent white popul ati on and percent housing |ess than

ten years old ([Figure 4-4), and it presents another

slight overestimtion (on average) of the correlation
value, with the majority of responses positively skewed
fromthe actual nmean of correlation coefficients for this
particul ar case (0.383). The nmean of the esti mted
correlations for these data was 0.476. There were a few
relatively extreme outliers that affected the relative
accuracy of this collection of correlation estimtes, but

they actually served to bal ance the overall estimate in
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terms of its nmean value. 1In general, the test subjects
performed the estimation task fairly well for this case.

The fourth graph provides a view of correlation

estimtes for percent white popul ation and percent owner-

occupi ed housing (Figure 4-5], and it features a binodal

distribution with the majority of responses negatively
skewed fromthe actual nmean of correlation coefficients
(0.475) and the remai nder positively skewed fromthe
actual nmean. The nean of the estimated correlations for
these data was 0.315. There were no apparent outliers
fromthe distribution of these responses. This is
anot her case where it could be argued that many of the
test subjects perfornmed this estimtion task quite well.
The fifth graph exhibits correlation estinmates for

percent white popul ati on and percent renter-occupied

housing (EiLgure 4-6), presenting a clustering of

estimates with the highest nunber of responses near the
actual nean of correlation coefficients (-0.440), but
there is a wide scattering of nunerous estinmates ranging
from-0.9 to positive 0.9 with nore than one fourth of
the total responses estimating positive correlation. The
mean of the estimated correlations for this data was -
0.167. Overall, this was a widely scattered distribution
of responses.

The sixth graph illustrated correlation estimtes
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for percent white popul ation and percent w thout high

school dipl oma (Fiqure 4-71, and this revealed a result

quite simlar to the previous collection, except with a
sonewhat bi nmodal distribution. The highest nunber of
responses are found near the actual nmean of correlation
coefficients (-0.592), but there is again a w de
scattering of numerous estimtes ranging from-1.0 to
positive 0.8 with nearly one fourth of the total
responses estimting positive correlation. The nean of
the estimated correlations for this data was -0.282.
This was |ikewise a widely scattered distribution of
responses. The simlarly lackluster results for these
two negative correlation cases suggests that a nunber of
the test subjects may have been confounded somewhat by
having to switch tasks fromestimating positive to
estimati ng negative correl ati ons.

The seventh graph depicts correlation estimtes for

percent white popul ati on and percent with bachel ors

degr ees (Fiqure 4—8}, provi di ng a view of another binodal

distribution, with the majority of responses positively
skewed fromthe actual nmean of correlation coefficients
(0.480) and the remai nder negatively skewed fromthe
mean. The nean of the estimated correlations for this
data was 0.509. There was only one outlier anong the

di stribution of these responses. Generally speaking,
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this represents a rather good set of estimates fromthe

test subjects.

4.5 QUALI TATI VE ASSESSMENTS

There were ten sets of animated map pairs viewed by
test subjects, with each map pair displaying a sel ected
soci oeconom c vari abl e al ongsi de the i ndependent
vari abl e, percent white population. The first three sets
were “training” sets designed to acclimte the test
subjects to the process of estimating correlation based
upon viewing the map ani mati ons prior to proceeding with
t he seven test animations.

In order to focus their attention on the visual
estimation task during the training phase, they were
asked to enter text responses describing any observed
spatial and tenporal patterns. They were |ikew se asked
to enter text responses describing observed spatial and
tenmporal patterns for the seven test animations. The
comments included in the follow ng sections were sel ected
and conpiled fromthe total collection of test subject
qualitative assessnents to provide summary views, and

they capture the essence of test subject observations.

4.4.1 PERCENT BLACK AND PERCENT WHI TE

The first set of animated map pairs in the sequence
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depi cts percent white population with percent bl ack

popul ation ([Eigure 4-9). These two variables are very

strongly negatively correlated with a mean act ual

correlation coefficient (MACC) of -0.9914, and this

prof ound negative correlation is readily apparent from

viewing the maps. The test subjects easily recogni zed

the strength of relations between these data, as

evi denced by their comments:

. “From 1960- 1990 Atlanta's bl ack popul ati on took on a
greater percentage in Southwest and Sout heast
Atl anta. This population cane to dom nate the
ar eas. Whi t e popul ati on shows a near total exodus
from areas begi nning West of the city center and
progressi ng Sout hwest and Sout heast.”

. “Percent black increased significantly in
sout h-central portion of area, with the core of the
bl ack ghetto expanding to the southeast and
sout hwest over tinme. At sanme tinme, percent white
decreased in those areas.”

. “When | ooking at the "Percent White", you see a
decline in population for this group in the sane
areas you saw the increases with "Percent Black" --
t hus, the negative correlation. |If you focus on
both of the maps at the same tine, this inverse

relationship is evident where darkening occurs in


http://graduate.gradsch.uga.edu/etdarchive/RBeaversphd/figure4-9.html

Visualization of Urban Sodoceconomic Data Relations
1 P60

Fercert Eladc ¥

i

gibiikoy

Fa~camt Yhita

¥isualizacion of Urban Sodoeconomic Data Relations

1570

Percert Eladc ; 3
E'r

gEbEEEkoy

Fa-cant YWhita

¥isualizacion of Urban Sodoeconomic Data Relations

Percert Eladc

-

<
r
'

i

1980

Fa~camt YWwhita

Figure 4-9: Tenporal map pairs of
percent bl ack popul ati on and percent

white popul ation.

112



113
the areas |ightening.”

. “There is a notable increase in the percent bl ack
occurring between 1960 and 1990 in the southeastern
and sout hwestern core of the study region. There is
a concurrent decrease in the percent white
popul ation in the same area over the tinme period.
This would indicate a classic case of white flight.”

. “As the relative concentration of African-Anmericans
expands or increases fromthe center of the netro
region, the relative size the white population in
these same areas decreases.”

It is quite apparent froma review of these coments
that di scernnent of the very strong negative correlation
bet ween percent white and percent bl ack popul ations for
this particular region during this particular era is
relatively straightforward. The very high degree of
soci al separation between the two groups is plainly
di splayed in the spatial patterns illustrated by the
ani mted map pairs, and the test subjects expressed their

observations with exceeding clarity.

4.4.2 MEDI AN FAM LY | NCOVE AND PERCENT WHI TE
Median famly incone and percent white popul ation

were depicted in the second set of animated map pairs

(FLgure 4-10). These two vari abl es have a strong
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positive correlation with a MACC of 0.6226, but the

j uxtaposition of spatiotenporal pattern between the two

variables is not as clearly defined as that between

percent white and percent black popul ations. The test
subj ect responses were sonewhat nore varied in their
observati ons:

. “Median fam |y incone increases generally over tinme,
but increases nost drastically in the north central
region. The area with the | east increase in nedian
famly income, is located in the central core area
which is at the sanme tinme experiencing a decrease in
percent white population (and an increase in percent
bl ack popul ation.”

. “The distribution of the white population in the
tracts mmnics the dispersion of higher incone rates
anong the tracts. Both variables increasingly
radiate out fromthe center over the years, but
there appears to be a slightly [ ower concentration
of the upper incone brackets in the sout hwest for
the 90's.”

. “Median fam ly inconmes increased for nearly all of
Metro Atl anta except a few places in Wst Atlanta
and south of the city. The percent white map shows
a nore radical change than the nedian famly

i ncome.”
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. “For the nost part, nedian famly inconme increased

t hroughout the region, particularly in the

north-central portions of Fulton County. This

nmeasure did not increase in the central portion of
region, and a core area of |ow nmedian incone
actually grew southwards over tinme. This growth of
this core area of |low incone corresponded to the
growt h of residential areas having | ow val ues of
percent white.”

. “While the median famly inconme has increased

t hroughout the area over the tine frane shown here,

there is an apparent concentration in the central

northern portion of the study area.”

Once again the test subjects perforned well in their
assessnent of the strong positive correlation between
percent white popul ation and nmedian famly incone.
Interpretation of this set of maps was conplicated
sonmewhat by an increasing correlation over time (0.525 in
1960, 0.572 in 1970, 0.695 in 1980, and 0.698 in 1990) as
wel | as the overall tenporal increase in general
af fl uence across the region (from $25,579 in 1960 to
$40,818 in 1990, as adjusted to 1990 dollar val ues).

This tenporal trend was readily discernible the maps of
median famly inconme, and this was reflected in the test

subj ects’ responses.
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4. 4.3 POPULATI ON PER HOUSEHOLD AND PERCENT WHI TE
The third set of animted map pairs presented

percent white popul ation with popul ati on per househol d

(Frgure 4-1T1)]. These two variables have very little in

common, with a very weak negative correlation (a MACC of
-0.1920), and consequently any spati otenporal pattern
bet ween the two variables is very difficult to discern.
It was not at all surprising, therefore, to find test
subj ect responses that acknow edge these weak rel ati ons:
. “Over tinme the popul ation per househol d decreased
but there is no visual correlation between pop per
househol d and percent white.”
. “Popul ati on per househol d appears to have generally

declined through tinme, but not in any meaningful

pattern.”
. “Ani mati on shows that the data patterns on the nmaps
do not parallel each other; in fact, little

rel ati onship can be seen. As noted, the relationship
is weak.”

. “1 cannot tell a definite positive or negative
correl ation anong these maps. The only thing that I
noti ced was the overall popul ation per househol d has
decreased over tinme.”

. “There seenms an across the board decrease in

popul ati on per household with a few anomalies, but
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not a strong spatial pattern enmerging. O course
the percent white map has very strong spati al
clustering. So it is clear that there is not a
strong rel ati onshi p between these two maps.”

What is clear fromthese comments is that the test
subj ects were able to conprehend that while the trend in
popul ati on per household was declining over tine, there
was little apparent associated spatial pattern that could
be significantly |linked with percent white. This very
weak rel ationship between percent white popul ati on and
popul ati on per household was readily perceived by the
test subjects. The w despread decline in popul ation per
household (from 3.40 in 1960 and 2.89 in 1990) was
i kewi se readily apparent to the test subjects. This was
the last of the ‘training’ animations wherein test
subj ects were informed of the MACC by textual information

in the survey instrument on the map ani mati on web page.

4. 4.4 MEDI AN VALUE HOUSI NG AND PERCENT WHI TE

The fourth set of animted map pairs was the first
of the test animations where the test subjects were not
given any information regarding the degree of correlation
t hat existed between the represented data. This set

di spl ayed percent white popul ation with medi an val ue

housi ng (FIgure 4-17). These two variables have a
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moderately strong positive correlation with a MACC of

0.5034, and there is apparent spatial direction to the

pattern of nedian val ue housi ng over tine. The test

subj ect responses were in considerable agreement in their

observati ons:

. “As hi ghest percent white shifts fromcore to
peri phery, nedian val ue housing increases in the
peri phery. The greatest increase in nedian val ue
housi ng occurs in the north central region.”

. “Medi an val ue housing increases nore in the north
over tinme. The strongest increase is in the central
portion of the north.”

. “Map patterns seemto show a strong rel ationship
bet ween medi an val ue housing and percent white.”

. “1t is evident by these maps that overall nmedian
val ue housing is increasing, however, nore so in the
north central region. In |looking at the percent
white, you see that the popul ati on does correl ate
with the areas of highest nedian val ue housing. It
is inmportant to note though, there are areas of high
medi an val ue housing with only about 70 percent
white -- thus other mnority groups may al so be
prospering.”

. “Tracts in the north of Atlanta that maintained high

percent ages of white residents tended to experience
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greater increases in nedian housing value. Tracts
in the south of Atlanta that experienced a decline
in the percentage white tended to experience | ess
i ncrease in nedian housi ng value. However, there
were several tracts that experienced extrenme decline
in white population and a noderate increase in
medi an housi ng val ue.”

Test subjects generally recogni zed the strong
positive correl ati on between percent white popul ati on and
medi an val ue housing for this region. This view was
relatively straightforward because the spatiotenpora
pattern of medi an val ue housi ng roughly approxi mated t hat
of percent white population. An interesting visual
artifact noticed by many was the overall increase in
nmedi an housi ng val ue that occurred over time (from
$52,469 in 1960 to $96,898 in 1990, as adjusted to 1990
dollars). This was another case that was conplicated by
i ncreasing correlations over time (0.3791 in 1960, O0.4606
in 1970, 0.6146 in 1980, and 0.5591 in 1990), but the
test subjects still managed to hit the target fairly well

with their assessnents.

4.4.5 MEDI AN GROSS RENT AND PERCENT WHI TE

Medi an gross rent and percent white were highlighted

inthe fifth set of aninmated nmap pairs ([Eigure 4-13).
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These two vari abl es have a noderately strong positive

correlation with a MACC of 0.5551, but the spatiotenporal

pattern di splayed in the nmedian gross rent maps is
sonewhat | ess focused than the nedi an val ue housi ng naps.

As a consequence, the test subject responses were a bit

|l ess uniformin their reported observations:

. “Overall the rent increases trenmendously over tinme
everywhere even in the poor black region. The rent
increases nore in the white area to the north.

. “The medi an rent decreases in central Atlanta, while
rising in the suburbs. However, the rent increases
everywhere in Atlanta. The rent in 1990 is highest
in north Atlanta, where there is the highest percent
whi te popul ation.”

. “There is not a totally clear relationship here, but
t he highest rents do tend to be found in the areas
of higher white percentages. However, many areas of
| ower white percentages have experienced a sharp
increase in rents.”

. “Rents rise everywhere over tinme. Sone of the
non-white tracts have high rent by 1990, but the
pattern appears to follow northward into the higher
percentage white areas. |In sone of the non-white
areas, rent falls slightly in the 70s, then goes

back up in the 80s and 90s.”
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. “Rents went up al nost everywhere except for a few

tracts near the central city area and in the south
half of the area. The pattern of the increase seens
to follow areas of new devel opnment as it noves out
fromthe central city area, but it doesn't really
follow the sane pattern as the change in white
popul ati on.”

In general, recognition of the strong positive
correl ati on between percent white popul ati on and nedi an
gross rent for this region during this era was sonmewhat
nore chal |l engi ng because the spati otenporal pattern of
distribution in the nmedian gross rent maps was | ess
uni form than the percent white popul ati on maps.
Furthernmore, the ability to assess the relations anong
t hese data was conplicated by an increasing correl ation
over tinme (0.4446 in 1960, 0.5337 in 1970, 0.6011 in
1980, and 0.6409 in 1990). Still, the test subject
responses reveal ed conprehensi on of the tenporal increase
in median gross rent (from $313 in 1960 to $538 in 1990)
and a fairly comendabl e recognition of the positive

correl ation found anong the mapped dat a.

4.4.6 PERCENT NEW HOUSI NG AND PERCENT WHI TE
The sixth set of animted map pairs portrayed

percent white popul ation with percent housing |ess than
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ten years old (FLgure 4-1I4). These two variables have a

noderate positive correlation with a MACC of 0.3825. The

degree of correlation increased from noderately weak to

noderately strong over the course of tine ( from0.2473
in 1960 to 0.5546 in 1990), rendering the estimtion of
correlation a bit of a noving target. Nevertheless, the
devel opnent of new housing in the netropolitan Atl anta
area mrrored sonewhat the exodus away from the central
city associated with white flight and suburbani zati on,
and the test subjects were fairly uniformin their
observations in this regard:

. “The trend in the map on the left clearly shows the
expansi on of the suburbs over tinme. The radius of
the ‘ring’ of newer houses has expanded fairly
steadily. There would seemto be a fair anount of
correl ation between the two data sets, however --
the areas with the |argest white popul ations clearly
have increasing shares of the newest houses.”

. “Clearly shows the diffusion of subdivisions into
the outer reaches of the Metropolitan Statistical
Area.”

. “Ring of construction expands outward from Atl ant a,
with the front of construction being the the nobst
intense in the north. West side of Atlanta has the

strongest correlation -- | east new hones and | owest
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percent white.”

. “There is a strong positive relationship between
these two variables. The correlation is not perfect
however. This is evident fromthe nore symmetri cal
pattern of change in house ages, which radi ates out
fromthe center of the city, while the decline in
white popul ations is really focused in the southern
part of the city. There seens to be an expandi ng
ri ppl e of new houses radiating fromthe center,
which is left with ol der houses.”

. “The percent homes < 10 yrs correlates with white
flight and the preference of new white househol ds
(noved from sonmewhere el se) for new suburbs.”
Recogni zi ng the noderate correl ati on between percent

whi te popul ati on and percent housing | ess than ten years

ol d was sonewhat chall engi ng because of the increasing

correlation over tine (0.2473 in 1960, 0.2843 in 1970,

0.4437 in 1980, and 0.5546 in 1990). The highly apparent

outward wave of devel opnent through the years served to

provi de a strong visual cue for the relationship between
the two vari abl es, however, and this was evident in the

test subjects’ responses.

4. 4.7 PERCENT OWNER- OCCUPI ED HOUSI NG AND PERCENT WHI TE

The seventh set of animted map pairs exhibited
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percent white popul ation with percent owner-occupied

housi ng (Fgure 4-15)]. These two variables have a

noderately strong correlation with a MACC of 0.4748, and

the pattern of percent owner-occupi ed housing around the

metropolitan Atlanta area is not particularly uniformin
distribution. This resulted in a somewhat chall enging
prospect for correlation estimtion. Not surprisingly,
test subject responses were a bit varied in their
observati ons:

. “Omnership of homes is generally higher in high
percent white areas, but is notably high in many
non-white areas (particularly southwest Atlanta).”

. “Both variabl es concentrate around the outskirts
with time. The percent white popul ati on decreases
fromcentral Atlanta, but not all the areas with a
hi gh percentage of white have a high percent of
owner occupi ed hones.”

. “Abandonnment of central city by honeowners. It does
| ook I'i ke sone of the nei ghborhoods in the central
city have a resurgence in 1990. The diffusion trend
appears to be consistent until 1990 when the maps
| ooks chaotic.”

. “The pattern here looks as if there is sinply nore
renting going on closer to the city, and |less

renting going on away fromthe city..... along with
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nore renting overall through tinme. But the higher
percent of home OANNERS are in the white north.”

. “There is definitely a positive relationship between
these variables but there is a fair amunt of noise
in the data as well. The sanme general pattern of an
outward radi ati on of home ownership, but it is not
too clean. The spread is |ess contained than the
decline in white popul ations.”

Test subject perception of the noderately strong
positive correl ati on between percent white popul ati on and
percent owner-occupi ed housi ng was chal | enged somewhat by
the w despread nature of the percent owner-occupied
housi ng distribution, and this was reflected in the test
subj ects’ responses. Still, their assessnents indicated
a fairly reasonable recognition of the characteristics of

rel ati ons anong the depicted data.

4.4.8 PERCENT RENTER- OCCUPI ED HOUSI NG AND PERCENT WHI TE
Percent renter-occupi ed housi ng and percent white

popul ation were illustrated by the eighth set of ani mted

map pairs ([ECgUure_4-16). These two variables have a

noderately strong negative correlation (a MACC of
-0.4402). The pattern of percent renter-occupi ed housing
around the netropolitan Atlanta area is not uniformy

di stri buted, and this sonewhat conplicates the prospect
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correlation estimati on. Once again, test subject

responses were a bit varied in their observations:

“Over the years the renting area noves from central
Atl anta outwards |ike a spiders web in al
directions.”

“There woul d appear to be a very weak rel ationship
bet ween percent renter-occupi ed housing data and the
geogr aphi ¢ pol ari zation of race. The growth of
proportion rentals has radi ated outward fromthe
center of Atlanta.”

“The percent renter occupi ed homes has increased
particularly in the central city and in northern
sections of the city. The percentage has not

i ncreased in southwestern Atlanta.”

“1t appears that the percent renter occupied is
increasing in the central portion of the study
area over time. This is occurring in an area that
is experiencing a decline in the white population.”
“1t seens that renter occupi ed housi ng has remni ned
closer to the Central city and usually expanded in
nei ghbor hoods with | ower percent White popul ations.
The percent of renter occupied housing declines in
nei ghbor hoods on the urban fringe, especially in the
Northern part of the region, where Wite popul ations

have increased. But it closer in to the city, the
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i nverse relationship between percent White and

percent renter occupi ed housing seens to weaken.”

Recogni zi ng the noderately strong negative
correl ati on between percent white popul ati on and percent
renter-occupi ed housi ng was sonmewhat difficult due in
part to the relatively w despread pattern of percent
renter-occupi ed housing distribution, and this was
reflected by the test subjects’ observations. The task
was further conplicated by a steady decrease in
correlations over time (from-0.5164 in 1960 to -0.3991
in 1990). It appears that, relative to the correlation
estimati on associated with the positively rel ated data,
some of the test subjects were a bit confounded by this

representation of negatively rel ated dat a.

4. 4.9 PERCENT W THOUT HI GH SCHOOL DI PLOVA AND PERCENT
VWHI TE
The ninth set of animted map pairs displays percent

white popul ation with percent wi thout high school diplom

(Eigure 4-17). The two variables have a strong negative

correlation (a MACC of -0.5918), and the correl ation
i ncreases over tine. To further conplicate matters, the
overall percent w thout high school diplom decreases
overall throughout the region during the represented

years. This undoubtedly renders the correl ation
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estimati on task sonmewhat nore difficult, a prospect

supported by the variability of test subject responses:

“Overall, percent w thout diploms are decreasing.
Appears to hold true everywhere but with | ess effect
in the Atlanta core.”

“Percent w thout high school diplom has declined in
general, but nore slowmy in inner south side

nei ghbor hoods than northern suburbs. This appears
to have a fairly negative correlation with percent
white, particularly in early years.”

“The data starts out in 1960 not show ng nuch
correlation, but in 1990 there is a pretty high
negative correlation. The data in 1960 shows high
areas in the outer netro area and high areas ri ght
in dowmmtown. The areas in 1990 are pretty high
mostly just in downtown Atlanta.”

“Over tinme the percent w thout a high school diplom
decreases as a total. However, the central city
remai ns a place where people are still not obtaining
their high school diploms.”

“Negative correlation - overall, percent w thout
hi gh school diplonma has decreased over tine,

however, the higher values are clustered in the
center of the area; at the sane tine, percent white

has decreased in that center area.”
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Many of the test subjects recognized the negative
relati onship anong the presented data, particularly
because of the clustering of high values in percent
wi t hout hi gh school diploma in and around the urban core.
They |i kewi se noted the regional decline in percent
wi t hout hi gh school diplom over time (from 59 percent in
1960 to 28 percent in 1990). However, recogni zing the
noderately strong negative correl ati on between percent
white popul ati on and percent w thout high school diplom
was conplicated by the contrast between a tenporal trend
of decreasing percentage w thout high school diplom and
the increasing negative correlations found anong these
data (from-0.5327 in 1960 to -0.6700 in 1990).
Nevert hel ess, the ability of many of the test subjects to
provi de meani ngful assessments based on vi sual

observation is apparent in these responses.

4.4.10 PERCENT W TH BACHELORS DEGREE AND PERCENT WHI TE
The tenth and final set of aninmated map pairs in the

sequence presented percent white popul ation with percent

wi th bachel ors degree ([Figure 4-18). The two vari ables

have a noderately strong positive correlation with a MACC
of 0.4803, but this correlation value changed fairly
dramatically over time (0.3415 in 1960, 0.3780 in 1970,

0.5457 in 1980, and 0.6559 in 1990). Due to a relatively
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focused spatiotenporal pattern, however, the test

subj ects responses were fairly uniformin their

observati ons:

. “As high percent white population shifts to the
peri phery, percent bachel or's degrees increases in
the periphery. |Increase in bachelor's degrees in
nost promnent in the north central region.”

. “Li ke the white popul ation, those with a bachel or
degree tend to be |ocated away fromthe city and
growt h of each continues outward. The nunber of
people with a bachel or degree increases through the
years.”

. “The percentage of bachel ors degrees has grown since
1960s, particularly in areas of white population in
northern Atlanta.”

. “There is clearly a strong positive correspondence
bet ween areas with high percent degrees and high
white percent. It is also clear however that not
all areas with high percent white people have high
percent coll ege degrees. There is a clear
clustering of degrees in the north atal anta area,
smal | patches of increasing degrees occur in south
Atl anta, but they are the exception.”

. “The percent of population with a bachelor's degree

is increasing over time with a spatial concentration
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in the northern sector of the study area.”

The relatively focused pattern of percent wth
bachel ors degree provided strong visual evidence of
positive correlation, despite being conplicated sonewhat
by the increasing proportion of bachelors degrees as the
years passed (from 9 percent in 1960 to 28 percent in
1990). Furthernore, while the percent with bachel ors
degree increased dramatically in the region during this
time, there was a coincident and |ikew se dramatic
increase in the positive correlations anong this data
(from 0.3415 in 1960 to 0.6559 in 1990). Overall, the
test subjects identified the relations in this set of

data very well

4.4.11 SUMVARY OF QUALI TATI VE ASSESSMENTS
The test subjects’ qualitative responses provide
support for the value of visualization as a conpanion
tool for quantitative spatial analysis. It is readily
apparent that these individuals performed the task of
interpreting represented data quite well, and were able
to comunicate this information clearly and succinctly.
Certainly there were sone cases where they were able
to interpret the visualized data nore effectively than
ot hers, but considered collectively these results are

encouragi ng. There renmains the issue of novice versus
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expert in the use of visualization tools, and although
there was an attenpt nade to access test subjects with a
greater degree of expertise as students of geography, it
cannot be denied that sone of these test subjects were
nore expert than others.

Neverthel ess, it does indeed appear that based on
these results, visualization nethods have excell ent
potential for utilization in the spatial analysis of
ur ban soci al phenonena. It is expected that further
refinenments of this survey instrunent and distribution to
a w der audience with a greater degree of expertise wl|l

result in (at the very least) simlar results.



CHAPTER FI VE
CONCLUSI ONS

5.1 CARTOGRAPHY FOR THE NEW M LLENNI UM

The dramatic energence of new conputer technol ogi es
in the latter twentieth century has fostered a new
paradigmin cartography. This advancenent has enabl ed
the devel opnment of anal ytical cartography and geographic
vi sual i zati on, wherein map designers are now engaged in
t he use of cartographic displays for the anal ysis of
spatially arrayed phenonena. Before this new era
academ c cartographers explored aspects of map use and
conmuni cation, we now find many of them expl oring
rel ati onshi ps found deep within digital data sets.

Geogr aphi c visualization is beginning to find
wi despread application throughout the discipline. As a
met hodol ogy it allows for the exploration, analysis, and
subsequent presentation of data, running the gamut from
private to public domain according to its stage within
the process. Visualization is touted by nunerous
gquantitatively oriented geographers as an inportant new

conpanion to statistical nmethods for spatial analysis
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(Fot heri ngham 1993; Gould, 1993; MacEachren, 1995;

Openshaw et al., 1994). As the volume of spatially

referenced data continues to grow -- and it al ready

exi sts in staggering proportions -- the value and

useful ness of geographic visualization nethods will also
i ncr ease.

A large share of the currently available spatially
referenced data is related to environnental conditions.
But | arge volunes of socioeconom c and culturally
oriented data are |ikew se being produced, and the anount
of these data are also growing at a rapid pace.

Busi nesses are beginning to recogni ze the useful ness of
geographi c data applications in the managenent of their
resources and accessi ng new markets, and public planners
have a need for enhancing their own understandi ngs of
popul ati on and housing trends in urban areas.

Part of the excitenment surrounding the enmergence of
cartographic visualization methods is related to the
ability to examne data fromvirtually unlimted
perspectives. Scale can be easily adjusted. Physical or
statistical surfaces can be explored with rapid changes
in the point of view. Tenporal processes can be
represented through the use of a variety of animtion
t echni ques.

Thi s new cartographic paradi gm serves the



144
enpower nent of the map user, who will be able to enpl oy
ever greater control over visualizations of a vast array
of phenonena. The new chall enge for cartographic
designers will involve the devel opnent of interactive
tools and facilitative interfaces to aid map users as
they explore the expansive new world of spatial data.
Whet her these new age users are experts in a given field
desiring efficient and nmanageabl e tools for applying
their expertise or relative novices who are seeking
br oader awareness of the world around them the
devel opnent of enhanced visualization nmethods is expected
to serve an ever-greater variety of map user needs.

Because these devel opnents are so fresh and have
such a profound inpact on the nature of cartography, it
has caused nmany within the discipline to call for an
across the board rethinking of traditional map use and
cartographic design issues (Buttenfield and Beard, 1994,
Di Biase et al., 1992; Krygier, 1996; MacEachren, 1995;
Muehr cke, 1996; Peterson, 1994; Taylor, 1996). This
ret hi nking requires the eval uation of individual
interaction with the new and devel opi ng conponents of
cartographic visualization, and the research undertaken
in this project represents one nodest step in that
di recti on.

This research project was designed to explore the
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viability of cartographic visualization as a supporting
tool for spatial analysis in the exam nation of urban
soci al problenms. Specifically, it sought to provide both
a quantifiable measure and a qualitative assessnent of
test subjects ability to discrimnate correlations anong
ur ban social data using ani mted map pairs as geographic
vi suali zations of the selected soci oeconom c data as a
conponent of several objectives stated in the
i ntroduction. The follow ng objectives were acconplished
in this research endeavor: 1) several ani mations of
soci oeconomi ¢ data were created; 2) a worl d-w de-web
survey instrunent was designed and inplenented, and the
survey instrunment was used both for web-based delivery
and data collection; 3 and 4) the data was coll ected both
as quantitative estimtes and as qualitative assessnents;
5 and 6) the quantitative portion was assessed using
common statistical measures; 7) the results were graphed
for visual assessment; and 8) the qualitative assessnents

were reviewed for additional insight.

5.2 ANI MATI ONS AND SURVEY | NSTRUMENT

The web-based survey instrunment devel oped and
enpl oyed for this research endeavor provided an effective
means for test subject evaluation of cartographic

visualization, in that it was easily dissem nated and was
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consistent in both delivery of animtions and the
coll ection of entered data.

The animations ran in continuous |oop while the test
subj ects viewed the screen, selected correlation
estimtes, and entered coments about observed spati al
and tenporal patterns. The information entered via the
survey instrunment was coll ected as programmed t hrough CA
scripts and saved to a file on the web server.

There were el even web pages that forned the body of
the survey instrunment: an introduction to the project
with a registration formfor collecting information about
the test subjects; three “training” pages with ani mated
map pairs and a formfor entering qualitative
observati ons of spatial and tenporal patterns; and seven
test pages with animated map pairs and forns for both
gquantitative estimates of correlation and qualitative
observati ons of spatial and tenporal patterns. As the
data were collected for each page, the test subjects were
automatically directed to subsequent pages for each next
step in the process. At the conclusion of the exercise,
test subjects response data was appended to a file on the
web server and they were thanked for their participation.

Thi s conponent of the research project operated
wi t hout hitch and was an unqualified success in its

i npl ementation. It did, however, becone apparent that a
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nunber of design enhancenents shoul d be consi dered, and

they will be discussed later in this chapter.

5.3 QUANTI TATI VE CONSI DERATI ONS

The use of t-tests for the evaluation of correlation
estimation effectiveness produced m xed results. On the
one hand, the matched pairs t-test indicated a general
pattern of relative accuracy in the overall collective
mean estimation of correlation by test subjects. On the
ot her hand, the single sanmple t-test used to conpare al
test subject responses indicated that four out of seven
test cases represented significant differences between
estimated correl ations and the nean actual correlation
coefficient.

What does this nean? Perhaps the problemwth this
conmponent was related to the use of a nmean correl ation
val ue as a surrogate for conparison with the test
subj ects’ estinmated correlations. For sone of the data
correlations used in this project, there was a fair
anmount of change (both increases and decreases) that
occurred through the tenporal period. A nethod nust be
devi sed to account for this issue in future research
efforts. Unrecorded verbal coments offered by a few
test subjects follow ng their experience with the

exercise indicated that this had an effect on their
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responses. Were they estimating correlation based on
what they saw at the beginning of the animated tenporal
period or was it based on observations fromthe | ater
views? Wthin this context, they m ght have provided a
correlation estimate that was relatively accurate for one
year in the but |ess accurate for the actual nean of
correlation coefficients. Again, this is an issue that

warrants further consideration.

5.4 GRAPHS AND DATA VI SUALI ZATI ON

The inclusion of areal-fill line graphs of
correlation estimtes provided a useful visual neans for
t he anal ysis of test subject responses, when used in
conjunction with the statistical analyses. These graphs
clearly showed clustering in the responses, as well as
outliers (and in a few cases extreme outliers) found in
test subject responses.

It can be argued that the graphs provide a strong
i ndication of the relative success of the test subjects
correlation estimation. Certainly one aspect was clear
fromview ng these graphs: the greatest struggles
apparently involved estimating correl ati ons associ at ed
with the negatively related variables, which had the
greatest spread of correlation estimtes and the | argest

nunmber of outliers.
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5.5 QUALI TATI VE CONSI DERATI ONS

In addition to the quantitative correlation
estimtes, the test subjects were asked to provide
subj ective assessnments of observed spatial and tenporal
patterns. These comments were requested as qualitative
reinforcenent for the quantitative estinmates.

These qualitative assessnents gave the test subjects
an opportunity to verbally express the nature of the
spatial and tenporal patterns wi thout the restrictions of
i mposi ng nunerical measures. Overall, these subjective
observati ons provided a nuch stronger indication of test
subj ect awareness and conprehensi on of the represented
data than indicated by the single sanple t-test. This is
per haps anal ogous to the difference between nultiple
choi ce and short answer exans. G ven the opportunity to
express thensel ves, many of the test subjects
denonstrated considerable curiosity regarding the
observed patterns, and sone of these offered insights
into likely processes that were contributing to these
patterns. In sonme cases the test subjects exhibited
consi derabl e expertise in their evaluation of the map
ani mati ons of urban soci oeconom c data. It was obvious
that the views of these animted nmap pairs were
stinmulating test subjects thinking about the urban

geography of netropolitan Atl anta.
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5. 6 RESEARCH ENHANCEMENT AND EXTENSI ON

At this point it is appropriate to recognize a
number of enhancenents and extensions that woul d be
useful in a continuation of this research track. These
can be divided into four categories: nodifications in
research design; inprovenents in technical aspects of the
survey instrunment; selection considerations of various
potential test subject pools; and differentiating
paranmeters in conpani on survey instrunment in order to
control for and explore potential effects of survey
desi gn deci si ons.

Modi fication in research design involves the
i nclusion of additional questions in the survey
instrunent. |s the correlation changing over the course
of the time period viewed in the exercise? |If so, is the
correlation increasing or decreasing? Wat year in the
viewi ng period has the |lower correlation value? What
year in the view ng period has the higher correlation
val ue? What is the estimated range of |ow and high
correlations? It would also be useful for test subjects
to have the opportunity at the end of the exercise to
provi de general feedback about the survey, the
instrunent, and any other issues about the experience
they m ght deeminportant. The research design can also

be i nproved by expanding the presented correl ations
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beyond percent white population to include a sanpling of
correl ati ons anong each of the presented variables (such
as nedian famly inconme and percent with bachel ors degree
or percent with bachelors degree and nmedi an val ue
housi ng, for instance).

| mprovenent in technical aspects of the survey
i nstrunent has to do with enhancing the test subjects’
ability to interact with the interface. A primary
direction for this category would involve the utilization
of Java programm ng code for inproved data entry and data
col l ection capability. Another inportant enhancenent
woul d be the use of JavaScript G F animations to provide
test subjects with the ability to exercise greater
control over map animations, including the ability to
pause and adjust tenpo. And the experience be inproved
by zoom ng in a bit tighter on the study area, changing
the viewpoint scale in order to enhance the visibility of
the smaller census tracts at the urban core and mnim ze
t hrough elimnation the sonewhat extraneous oversized and
under popul ated tracts on the periphery.

Sel ection considerations of various potential test
subj ect pools could enhance the ability to eval uate
results. There are a nunber of obvious test subject
audi ences (i.e. Association of Anmerican Geographers

Specialty Goups in Uban, Cartography, GS, and
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Quantitative Methods) that woul d be suitable and
relatively easy to access via email distribution |ists.
The use of a web-based survey instrunent would enabl e
effective worl d-wi de distribution.

Finally it mght be interesting to produce

conpari sons of responses given different sets of
criteria. Wth the collection of information about the
educat i onal / prof essi onal background of test subjects
(area of expertise, professional position, years of
training, years of service in specialization) conparisons
could be made regarding the relative abilities of test
subjects with different characteristics, and results
could al so be conpare according relative | evel of
expertise (novice versus expert). The effects of col or
sel ections could be weighed by conparing standardi zed
color schenes (use of a single color schenme for all
animtions) with differing color palettes for each
ani mted map set. Also, the use of identified variables
can be conmpared with the use of unidentified variables to
determ ne the extent of bias in responses based on
preconcei ved notions about the nature of the data being

vi sual i zed.

5.7 GOALS AND OBJECTI VES REVI SI TED

The goal of this project was the eval uation of
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cartographic visualization’s utility as a tool for the
spati al analysis of urban social dynam cs. This research
project specifically exam ned the human ability to
recogni ze the strength of relations anong urban soci al
data via animated representati ons of a changing
soci oeconom c | andscape. Correlations anong the sel ected
data were used to provide a test val ue agai nst which test
subj ect estimtes were neasured. The results of this
research provi ded evidence supporting the useful ness of
visual i zati on as a nmeans for the exploration, analysis,
and representation of urban population dynam cs. The
denmonstrati on of cartographic visualization’s viability
as a tool for urban socioeconomc research is an
i nportant step in the evolution of both urban spati al
anal ysis and the geographic discipline.

The success of this research project nust be
qualified somewhat by the nature of its approach. A
deci sion was nmade during the project’s devel opnent to
provide information regarding the nature of the data (in
terms of both spatial |ocation and sel ected soci oecononic
data) involved in the evaluation. This decision was
rendered within the context that visualization
applications are nost commonly enpl oyed by experts
actively involved in the analysis of data and | ocati ons

with which they had considerable famliarity. Certainly,
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a review of the comments expressed during the qualitative
conponent of this project reinforced the notion that a
number of the test subjects were indeed famliar with the
netropolitan Atlanta region. Furthernore, it is
recogni zed that all of the test subjects were subject to
the possibility of preconceived notions regarding the
nature and strength of relations anong the sel ected data.
Wth this in mnd, it is acknow edged that test subject
responses were collected in a manner introducing an
unspecified degree of bias into the results.
Neverthel ess, it is maintained that, given the nature of
the visualization process and the manner in which it is
typically enployed (by experts famliar with both study
area and data), this research presents strong case for

the merits of urban visualizations.
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