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’ Choropleth rﬂms are constructed to display ntrqbb ratio I‘.’hfﬁ'm such as
poguistion density, using data which are confined to sdministrative units. The density
values are representsd visually by a rmg; ing’iy tohes. Th- controversies assocusted
with mapéﬂﬁ map design have evolved with technical and theorsticsl developments in
thematic cattography, and are cheracterized by a persistently recurring emphasis on the
loss of accuracy inherent in the generaiization of data for mapping purposes.
Traditionsily, htﬂmﬁﬁmﬁﬁﬁ-me ware highly genersiized: s -
considerable loss of accuracy wﬂ accepted as a reasonsble tradeoff for the perceived

advantages of simplicity, for both cartographer and map viewer. Recent advances in

computer -assisted cartography prompted the mggcmaﬁ snd development of

statistically sccurate, high quaity unauantized choropleth maps. possessing  dif ferert ﬁ
shade af grey for each unit on the map. A resurgence in the debate over generalization n '
choropleth mapping ensued, centering on arguments for and against the unquantized map.
This debate lacked definite issues and framework. The central sim of the project became
ln spproach to definition and solution of the quantization controversy in choropleth

g framework for this research was based on the ourrently accepted
paradigm of cartographic communication in thematic cartography. Successful
cartographic communication is defined as the transmission of :rhg:mingfgl information to
the viewer via the map. Using this framework, the kay pﬂ:sbhm in choroplath mapping
was definad as the controversy over sslection of a threshold generalization level which

A hypothesis was formuisted as the initial step in approaching the defined
" problem; that sn optimum generalization level exists for choropleth maps. Viewer
responses to a series of test maps, with a range of generalization lavels from highly
generslized to unquantized, were collected in the form of three class generalizations of
éﬁh tost map. Varistions il viewer response maps were snaiyzed using tests that were
designed to incorporste the two dimensionsl nature of response arrays. Results of
analysis, combined with findings obtas

the basis for the major conclusions of this research .

d through experience of the research, provided

=

»
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The study results corroborsted thosa of previous resasrch n d‘oﬁaﬁhﬁ!\ map
perception, establishing that map viewers can derive mesning from choropleth maps with
a much higher number of classes than traditionally snticipsted. Anslysis indicsted that a

clear optimum wmudan level of ﬁ(t’y c:l;snsixi;’ﬁd fqr this data set These
. observations formed a basis for the conclusibn that the quantizstion controversy in cho-

ropleth mapping is no longer necessary, and for reformulstion of the original hypothesis
as fallé.sw:; ﬂm an optimum generalization exists for each data set and mapping purpose
The resuits and observations in the resesrch provide svidence that many compiex

"factors influence the ways in which generalization may affect the visusi appearance of

information to the map viewer Selection of an optimum generalization level shouid
dlplﬂd}aﬁ a careful snalysis of these factors Based on this premise, a set of practical

guidelines to be appliad in the selection of an optimum generalization wers fore

1R e ety s e W s e e e s S as s
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A. Introduction

\ Rapid changes in the discipline of cartography over the past twenty years have
crested a ressarch stmosphere which has resurrected an interest in the study of
q;ﬁtl;lﬁén lavels on d-nompliu-l maps. In 1973 Tobiler suggested the use of mq:.mtlxnd
choropleth maps. which portrayed mfcrm:’tngh with complete accuracy. These accurate,
MMWEWMﬁﬁﬂmmmﬁwﬁfﬂ NACCUr me

choropieth maps which were generally accepted at that time. Originally, proponents of

the broadly generalized choropieth map rejected Tobler's suggestion on both theoretical
and practical grounds. Theoretical arguments were based on studies conductsd in the

early sixties, which established that psopile could only distinguish up to slaven grey levels
on choropieth maps(Jenks and ﬁnes 196 1). Practical -'gulT-nts originsting from the poor
visual quality of piaﬁqr!prmr;! hatching patterns, were ‘refuted by the development of
unquantized maps with Nigh quaiity design standardsMulier and Honsaker, 1978). Thus, the
remaning issues concerning quantization levels on choropleth maps w&a chiefly [
theoreatical. Results of resesrch into uhquantized choropleth mapsiMulier, 1978, /
Petecson, 1979) have indicated that people can extract meaningful ;ﬂfmm from’
uhquantized maps. It has become apparent through the confusion and disagreement

created by the developments and research in unquantized mq:p-ﬁg that the Central issue

in :hefaplgm mapping must be-yiewed in a more specific sense than the simple

tized and unquantized maps. The central issue has been rgfii;ﬂd

dichotomy batween
and identified as the estab
extremas represanting either accuracy or simplicity in choropleth mapping. It is the

objective of this thesis to examine this issue in the specific area of choropleth mapping,

lishment of an optimum quantization level between the

and aiso in the more general area of research in cartographic communication.
" This litersture review will provide a brief outiine of the development of changes
- in thematic cartography. and their effects on cartographic research This outline will act
"“88 8 useful historical and practicsl framework within which to examine a detsiled
formuistion of this thesis topic, and aiso as 2 means of placing the topic within the.
corext of theorstical trends in Cartographic research.



B. Major Factors Affecting Themstic Cartography

. Two major factors affecting thematic cartography over the past twaﬁty yoars
have been identified These factors are: the importance and identification of the field of
thematic cartography, and an increase in Capabilitiss within the technical aspects of

stic cartographyMorrison, 1974). =

There has been a considerable increase in the importance and scope of maps m
modern lifelKolacny, 1978). The increasa is chiefly a result of growing demands fram
.areas such as educstion, advertising. and planning, which make axtansive use of thematic
maps. As special purpose thematic mapping has developed, it has become necessary to
focus on the dﬂpic;tiéfﬁ of highly abstract, non-visusl phenomena and realationships, such
as social and demographic pstterns, with the representation of subtie
distinctionsiRobinson and Petchenik, 1976). The difficutties encounterad in attermpts to

represent non-visual patterns in visual form via the map have stimuisted an interest n
theoratical concerns among today's cartographers, in areas such as map design,
symbolism, mapping purposes. and many others.

The concern with a theoretical study of cartography is exemplified by the recent |
actions of cartographers toward establishing an identity for ;,r:agrq;hy among the
scientific disciplines. These actions include: the founding of professional societies of
cartographers, the publication of cartographic journals, establishment of cartography
courses and departments st the university level. and active research in thematic cartogra=
phy(Morrison, 1974) The strong research impetus in thematit cartography has fostered

which must occur if a valid identity for cartography is to be established.
Impact of Computer Technology on Certography

) Computer technology has permested all areas of cartography over tha past
twenty years. The growing impact of computer technology has necessitated the
‘ defmition of computer—assisted cartography. This is a general term, applying to all
aspects of cartography where the computer is used for sutomation or as sn smslytical
sid(Taytor, 1980).



The growth of computer—assisted cartography has been an accelerating force in
the emergence of a cartographic identity(Morrison, 1980). The effects of
cmissiﬂ-d cartography are apparent in several sreas of thematic cartography.
Automated mapping has freed thematic cartographers from many manual drafting tasks,
sllowing them to concentrate on methods, map design. and research The increased
number of options af forded by computer mapping allows the cartographer to select a
"defendsble design’Morrison, 1980), or the best, rather than necessarily simpiest,
tectnique to portray his intended message. Finally, the high degree of precision of
methodology required n applying computer—assisted cartography has produced specific
definitions of current cartographic methodology and terms(Morrison, 1980). This high
level of pracisia;\ is contriblting to a more rigorous description of the cartographic
disciptine itself. ‘

The emphasis on thematic cartography. and the rise of computer —assisted
cartography have been the chief factors infiuencing cartography over the past twenty
years. The combined force of these factors is exhibited by changing trends in the issues

and areas of resssrch currently explored by cartographers

C. Cartography sz 8 Communicstion Science
Cartographers have identified an urgent need for a general theory of cartogra—
phyKolacny, 1978, Morrison, 1978; Ratajski, 1978; Rhind, 1380, Robinson and

)
T

Petchenik, 1976). It has baen suggested that this theory would prowvide a basic structure
for the discipling of cartography. by giving relevance and location to research done in the
pursuit of this structure, and by making clesr those sreas which required further
investigationfRobinson and Petchenik, 1976) Morrison(1978) scknowledges that in order

al paradigm.
The fragmentad research activity in cartography has not yet resulted in a broad research

to establish a unified body of theory, scientists must agree on a fundamen

paradigm specific to the field of cartography(Robinson and Petchenik, 1976). However,
cartographers have sttempted to define the unique nature of cartography, and use this
definition as & guide to examining the theoretical structure of established sciences for
possible spplications to the development of cartographic theory
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Until recently, the emphasis in cartography has been on the creation and
production of the map itself However, as a result of the growing importance of thematic
cartography. combined with the current rise in the use of computer-assisted certogra-
phy. emphasis has shifted heavily to an interest in the map viewer The map has been
r‘ocoqwizod as a communicstion device which silows the transmission of spatis!
information between the cartographer and the map viewer(Kolacny, 1978; Ratajski, 1978;
Robingson and Petchenik, 1976). Establishment of the essential processes of cartographic
communication by Kolacny(1978) and Ratajski( 1978). and the growing acceptance of
cirtowqahy as & communication science ss the fundsmental paradigm for development
of cartographic theoryKolacny, 1978; Morrison. 1978 Ratajski, 1978) have provided a
general. unifying base for cartographic resesrch

initiaily, research in the area of developmg cartographic communicstion Jheory has
been concentrated in the examingtion of theory of other communication sciences for
pos'siblo convibcnic;ns to the communication science of cartography. The two main
bodies of theory investigated by cartographers are the scientific information theory of
electronic communicstion, and the theory of cognitive psychology. -
Exsmination and Rejection of information Theory

One measure of the communicstion efficiency of the cartographic process is
related to the amount of information transmitted-between cartographer and viewer vis
the map{Robinson and Petchenik, 1976). it was the perceived potential to measure this
information transfer which sttracted cartographers to the informstion thoorvl_gggolopod

o

in the 1940‘&hformﬁonmoorymmonauufulgddoindiaormmdpscribhgﬂn :

cartographic communication process. However, information theory has been ineffective
s a tool for the explanation of the certographic communication process in thematic
mapping. because it fails to direct attention to the qualitative content of the information
presented on a map, thereby ignoring a key purpose of thematic mapping. the
transmission of meanjngful information as a key to understandingiGuelke, 1978;
Meine, 1978; Selichtchnev, 1978)
investigation of the Theory of Cognitive Psychology

With the.objective of augmenting their understanding of the complex
reistionships between cartographer and map viewer, cartographers have begun to shift



mind of the receiver(Petchenik, 1978). Thus, the

sciences from information theory

their exploration of the theory of other c
to cognitive psychology. a field in which communication theory is derived from a study
of the mental processes that receive. transmit, and operata on information(Moates and
Schumacher, 1980). The attempt st understanding the cognitive processes of the map
viewer, and specuistion on the potential effects of this under standing on map
construction and cartographic research have become the chief areas of interest in the
expansion of cartographic theory

in cogritive psychology. :m is viewed as-the process wherein myu
orignating in ona human mind is caﬁvmpd by that mind into physical forms, and masning
Is constructed in the mind of the receiver in response to the physical stimulus. The
physical muns of communication do not carry rgeaning; tfiy trigger or ralaase it in the

' success of aTap is

measured by the degree of correspondence between the meaning of the map as defined
by the intentions of the cartographer. and the meaning crested by the viewer in response
to the map. in order to achieve the goal of successful c:-rtagrm: communication,
mag—lplw: must examine all relevant e.hilctjrmtne: of the specific map mdulnt:i to
which a particular map is directed, and continue research into the basic cag-n‘tivc
processes which people utilize in constructing meaning from maps.

Perception, a term which has been used in cartography without adequate
definition or restraint(Petchenik, 1978), is defined in cognitive psychology as the process
by which we determine the meaning of the phy;u:d stimuli that impinge upon usMoates
and Schumacher, 1980). There are basic fntur-s;c:f perception which should be
considered in continued research into the cognitive aspects of cartographic
communication These festures are outlined by Moates and Schumacher in 4n
/mtroduction to Cognitive Psycho/ogy. The first feature of perception which is pertinent
to the study of cartographic communication is the active nature of cognitive processes.
Closely reiated to this feature is the goal-oriented character of many cognitive functions.
The cognitive processes involved in n:hmwng these goals are ;aﬁtrallnd and then
mmhﬁﬂ:nmﬁﬂﬂmafpﬁ-cmtianm:hmwba
considered in cartographic communication is the schema: The m are units which

&



active search for information, influence their interpretation of the information, or be
considers the goal of successful communication of spatial mformation to s potentisl map

sudience. If he considers the characteristics and imformation goals of the potential
lud_n:i there will be a graater ensurance that a map is the best possible device for
weated via

successful communication of the nformation, and that the mformation cormn
the map will be mesningful to that sudience t
Conclusion

No compiete theory or set of principles for cartography has emerged from
research nto nformation theory or cognitive psychology. sithough findings have been
applied in specislized areas of cartography. and in outlining the essential concerns and
relstionships of the communication process nn thematic cartography. Ma‘t uvpmly
thesa fmﬁgshlva-et-dn:;ltdyﬁfar cartographic thought: wh}nplmﬁ
spplicability of other theories of communication to cartography, cartographers have
* begun to identify the important festures which define the nature of cartography. thereby
establishing an increasingly precise base for developing cartographic communication
theory. In this thesis, a combinstion of nformation theory as it pertains to cartographic

generalizstion, and of the essentisl features of cognitive psychology as they relste to
cartographic communication, will be used as a research guide in an attempt to resolive a
key izssue in choropleth mapping, and to provide findings which will contribute to

development of theory in the area of cartographic con
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il. Evolution of the Quantization Goﬁﬁ'evﬁiy in Choropleth Mapping

A. Beckground to lssues in Choropleth Mapping
Introduction to the Choropleth Map

Since choropleth maps were formally defned by JK Wright m 1944 they have
been a growing source c;f' interest and controversy for thematc cartographers The
choropleth map exhibits intangible ratio distributions. such as population density, as
discontinuous data confimed to idrﬁcrﬁstrjtsvg reaas A choropleth map axhibiting
apsrtment density in Toronto as a percentage of occupied dwellings by enumeration unit
is displayed in Figure Il 1. It is not surprising, therefore, that these maps have gained
recent popularity, with the large volumes of census information made available through
agencies such as Statistics Canada The nature of these ddstﬁb&ﬁil—f;ﬂs can be perceived
through a rationsl process, with the sd of a data model(Jenks, 1967) The model t:anﬂstl
of stepped prisms, which take their shape from the admirustrative subdivisions, and their
height from the statistical information being mapped. as seen in Figure 2. The varyng .
heights of the prisms often obscure subdivisions toward the backpf the model. and a
compiete view of the distribution is not achieved The data model is a useful tool for the
conceptuslization of the general pattern of intangible distributions. but not for ther actuai
representation. The choropleth map 1s a planimetric substitute for the dats model, in
which volumetric statistics are represented by shadings that are assigned values by the
quelity of generalization that the final product will reflect This involves three decisions:
subdivided into these é’u;ng, and the means by which the choroplethic pattern will be
reproduced for graphic presentation. The generalization of the original data, produced by
these decisions, rﬂiﬂi the statistical accuracy of the resulting map. The perceived

tradeoff between statistical accuracy and successful cartographic communication has
been the central focus of controversy in choropleth mapping The controversy has been
evolutionary, responding to the technological and theoretical changes in thematic

cartography over the past twenty yesrs.
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Early issues in Choropleth Mapping

Conflicts in choropieth mapping surround the decisions of the cartographer. and
the ways in which the subjectivity of these decisions affects the communication of
inforrmation in this map form. The original major issue in choropleth mapping concerned
representation on the choroplieth map. The fisid of behavioural psychology, which was
influenced by seiﬁﬁtiﬁe information theory, provided the initial framework within which
decisions on the number of classes for a particulsr map were made. It was argued that
man possesses a small. finita capacity, referrad to as channel capacity. for making
unidimensions! judgementsMiller, 1956) The amount of information transferred increased
with the addition of information input categories, but levelied off when the channel X
Eﬁﬁ‘ity of approximately seven categorias was reached. Jenks and Knos(196 1) studied
responses to dif ferent éms lavels on choropleth maps, and establishad that map viewers
waere unable to dif ferentiate between more than sieven grey tones on a choropleth map.
Despite this discovery. the sccepted maximum number of grey tones on chera@hﬁﬂ maps
hovered conveniently sround seven The system was simple for the map reader, who
could sssily ses the patterns sat out by the cartographer, and for the cartographer, who
pleth maps produced error, and a rigorous tampaign to discover methods of reducing

Research into error reduction focused upon the ways in which class limits were
constructed. it was fait that the selection of class intervals was the most important tep
in cﬁnnﬁ;ugm a choropieth map, since wisaly chosen intervals would allow the viewer
to gain a clesrer understanding of the areal relationships than he could have obtained
from the original data, whereas poorly selected intervais would provide only distorted or
inaccurate impressions of the iwmmm: and Couison, 1983). Despite the general
agreement among cartographers regarding the importsnce of selecting class intefvals,

_research in this ares has remained an snarchic branch of cartography(Evans, 1976).

Studies produced countiess methods of data classification, leading to the accepted belief
that only the specific :urpcu of the individusl map could be used to determine a
classification's reistive meritstMonmonier, 1977). This acceptance, combined with the



theoretical and technological changes in thematic cartogriphy over the past twenty years.
has prompted a rengwed interest in the selection of class ntervals in choropleth

mapping. and created interesting new issues concerning a traditional mapping form

B. A Frameswork of Current Research
The Role of Computer-assisted Cartography

The changes in choropleth map production, made possibie by advances in
computer —assisted cartography. have been marked Traditionslly, there were physical, as
well as theoretical. raasons for limiting the number of classes on a choropleth map at
five to eight It is now technically fessible to produce virtusily continuous shades of grey
with various types of sutomated mapping equipment The outstanding probiem of
choropleth maps produced on most automated devices is the coarsa taxture of the grey
tones produced by the line patterns used to achieve the effect of varying density (sea
Figure IL3) The facsimile techrnique developed for choropleth mappingiMulier and
Honssker, 1978) has siiminated the visual static created by line patterns.(see Figure 1. 1)
Facsimile produces a choropieth map on which up to 255 grey tones can be r-pr-nntid
st constant resolution. The degree of detail to be represented on the facsimile ehcsrapliﬂi
map is the choice of tha cartographer; the decision to employ a large number of classes
~ is no longer subject to the poor visual quality of the grey tone :ﬂftlrﬂ produced by most
Racent issues and Studies

In 1973, Tobler introduced the idea of unquantized maps, without the
gﬂirdli:tnan error resulting from the selection of class intervals, or quantization levels,
& choropleth mapping. Tublrwudcnm:ﬁ-dwmnhunafum;riym“m
generalization S_:slu:ign to the tradeoff between accuracy and simplicity on choropleth
maps.‘His main lrglmiﬁt originsted from theory on picture processing, which
recommends up to 100 quantization levels for an acceptable quantized
picturefRosenfeld, 1969). Rosenfeld explaing that a fine degres of quantization is
particularly important if a region with siowly changing grey levels is being quantized. If
the quantizstion is not fine enough, then there will be curves slong which there is an

\

sbrupt grey level jump These cansp&cugu: curves ".may mske the quantized /=
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pphbon to the original unacceptabla, since they dafine :pu'naus ‘objects’, which
may compete with or conceal the real objects shown in the picture”Rosenfeld, 1969, p.
22) The 'fa!se' contours’ of a coarse quantization in picture processing are easy to see, as
are the simpler patterns of a coarsely generalized choropleth map -However, the
acw;cy of both types of quantized image is generally low, particulsrly if the original
image contains a8 wide range of information Tobler questioned the validity of the
cartographer's use of a small number of :lissas in choropleth mapping, versus the high
number of levels in picture processing, when the objective of successful transmission of
accurate graphic information was common to both fields(Tobler, 1973). Exampies of an
’ generalized and unquantized choropieth map are seen in Figures Il.1 and 1.4, raspactively.
Since Tobler's original suggestion and arguments were set forth, there has been a
growing coﬁtrovony centered on the question of quantization on choropleth maps.
Arguments and ru.urch have refiected the recent changes and developing theoretical
~ framework in thematic cartography.
The Quantization Controversy

initially, ar guments.against choropleth maps were practical, as well as theoretical.
The coarse maps produced by line plotters and printers, fér example, the map
accompanying Tobler's 1973 articie, were unsttractive, with the hatching or overprint
patterns causing considerable visual static. The development of the facsimile map, with its
high design standsrds snd ease of production, has negsted arguments against unquantized
maps based on design grounds. Now. the strongest arguments for and against
unquantized maps sre theoretical, dealing with the significance of classification in choro-
pleth mmpingMdlﬂ;, 1979). ' o |

The quantized map is conventional, and many arguments have been set forth in its -

favour. The qushtized map aliows the cartographer to highlight patterns, and snsure the ‘/L’
g

desired nterpretation of the information presentediMonmonier, 1977). Quantized mapping

sliows the identification ‘of each category on the choropleth map(Dobson, 1973).
Regionalizstion of the mapped varisble permits a quick overview of the
distributionfMonmonier, 1877). Also, the simplified pattern may be memorized easily by —
ifn mq; viewer. The proponents of the quantized map recognize the loss of ,iceuﬁcy ‘
inherent in géneralization; however, the optimum choropleth map is defined in terms of a

—— =
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Figure 11.4
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tradeoff between accuracy and simplicity, with accuracy assigned secondary importa
The unquantized map is statistically accurste, because each element of the data is
represented by a separate tone. The creators of the unquantized map are not congbrned
with providing a form of areal table for the map viewer Rather, they are c:gncmd with
transcribing an order between cartographic signs, regardiess of their individusl
meaningMiulier, 1980). The unquantized map is the fu‘th:s‘t extreme in alfowing the map
viewer to establish his own meaning from accurate information presented on the map.
ﬂnmﬁ;\;ﬂmwhmﬁiﬂmMMWMrm
from an sssumption that a mapping category is more homogeneous than it reslly '
isfMonmonier, 1977). A pattern contrived through the use of classification may be viewed
as a "useful lie"Muller, 1980), which rmay unjustifisbly impose order where none exists.
Mutier(1979) tested the ability of the map reader to generalize patternd from an
unquantized map of 120 levels. The early work of Jenks and Knosi 1§ 11) tested the
viewers' ability to identify individual shades on the choropleth map, w‘iﬁi Mudler
attempted to simulate the basic task of using a choropleth map. by examining the viewer's

success Iﬁ identifying and orgsnizing patterns in the mapped data Muller discovered that
viewsr response genaralizations of mﬁzﬁ d:t; spproachad optimum generalizations
of the same data Peterson(1979) tested the map viewer's ability to disCriminste between
shadings on quantized and unquantized maps. He discovered that subjects possess a
remarkable capability for visusl estimstion of the values represented on an unquantized
map. and that these values wers conveyed to the map viewer more lsq.r‘i’t}ly by ari
unguantized map than by quantized maps with fewer than six shadings.

Tha current du:putg over quantized versus unquantized maps has c:laudid thq
central issue in choropieth mapping. the establishment of s quantization level which
roprm the optimum tradeoff between accuracy and cartographic communication on
choropleth maps. The findings of Muller snd Peterson should not be viewed as attempted
resolutions of this issue, but as an introduction to further research in this ares Research
iqta discovery of the optimum quantization level will be conducted in the current cmxt-
of technological Ghl'igl and acceptance of the successful communication of meaningful
cartographic information as the chief function of maps.



16

C. Aims of Research
nasmmnfh;pramtnm&-mmmn
based on trnqypeﬁ:mih:t an, optimum generalization solution sxists between

quantizstion extremes which favour either accuracy or simplicity in choropleth mapping

user to const?uct » maaningful spatial picture of the orignal statistical information. The
framework for this research is comprised of specific findings in resesrch into
quantization in choropleth rﬂgrping recent tachnological developmants in cartography,
and the currently accepted paradigm of cartographic communication




) itll. Methodology snd Procedurs
A. introduction to Research Design )
ﬁﬂ%ﬁﬁﬁgmiﬁhhsmraﬂfinwshﬁ

overall ressarch design An outiine of this design is as follows:
1. initistion of inquiry ’

a problern observation and defmition
2. spproach to solution of observed problem

a  derivation of hypothesis based on observed problem, framework of past

ressarch, and cartographic communication
b.  coliection of data as information base for problem anatysis.
c dats processing and analysis to establish patterng and relstionships i

d  graphic representation and description of observed patterns and relationships
in order 1o obtain a clesr image of findings.

b.  use conclusions to place study in framework of current research and trends
in thematic cartography. and to raise questions sbout future direction of
ressarch in choropleth mapping and the development of cartographic
communication theory. ,

Methodology and procedure incorporate the phases of initistion of inquiry, hypothesis
derivation, and data collection in the resesrch design ’

B. Methodology
Problem Obsarvation and Initistion of Inquiry o
Initiation of this inquiry was triggered by the observation of » problem in

d‘iﬂféﬁliﬁ!‘ mapping, & np-éifi: srea in the fisid of thematic cartography. Thipfm has ;b -

been d!fniﬂ sssentislly, as the controversy regarding ths search for an optimum
generslization solution that balances the inevitable tradeoff between accuracy and
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., which occurs when numerical ratio information is

transferred to the graphic form of the choropleth map. Implicit n the observation of this
probiem is the rejection of traditionsl beliefs, or the purely negative procedure of

doubtingiNorthrop, 1947). The approach is particularly appropriste in this situation, since a
key slement in the observed problem in choropleth mapping i1s the presence of traditional
cartographic conventions in the context of rapid technological and theoretical changes in

sbsenca of a sound th-ar‘mc-l framework may aiso prevent a proposed solution to the
quantization controversy from being viewed as snything more powerful or justifisble
than the original cartographic conventions themsasives.
Mathod of lnvgitlgjéian

Two fundamental methods of scientific investigstion have been identified The
deductive spproach is based on a carefully and skilfully established framework. It is often
referred to as the theoretical approach, since the deductive procass involves prelimnary
ixﬁlér:tiaﬁ of all the theoretical ramifications of a problem, and the construction of a
mmm:ﬁmmafmsnhnﬂmmm:w
empirical, approach consists of research conducted without the discipline imphcit in a
strong theoretical base. The inductive form of nvestigation consists of establishing a

facts(Norcliffe, 1977). The essential advantages of the deductive approach over the

uctive approach are the comparative and predictive powers of theory. Researchers

using 8 deductive methodology have the potential to isolate initisl assumptions and

common traits when examining new problems within the same theoretical

framework Besujeu-Garnier, 1976). An inductive methodology may be used to :dv:nt;é@
when a unique or personal approasch is deemed sppropriste for studying a particulsr

problem. It has been argued that inductive and deductive approaches differ in degree

rather than kindMNorcliffe, 1977). This argument is supported by the fact that perfect

; induction, in which all instances under the uubiim Lhi\!if’i,iliﬁfapcsitif}n ars exhausted, o

"is an exampie of a deductive argume ‘op, 1947). The central guideline for this

research is based on the premise that deductive and inductive modes of investigation are



-

not antithetical
The absencs of a generai theory of cartography pre—empts the application of a
purely deductive methodology in the study of cartographic problems However, the
absence of theory does not pre-omp( an spprosch to cartographnc research which
mciudes elements of both deductive and inductive m

Harvey( 1969} in his discussion of the early dovdéamaﬁt of a scwence Resasrch
conducted with the observation of concret§ facts. and the awaskening of a disciplined
scientific curiosity. may promote the development of a general theory that may be used
as a startng pomnt for m,v. reasoning in subsequent

researchBesujeu-Garnier. 1976). A combination of methodologies sppesrs to provide a
more rigorous base for procedure in 8 deveioping science, such as cartography. than the
inductive method aione. However. imitations to tha predictive snd comparative
capabilities provided by the deductive siement of the approach must be recognized and
accepted.

Three main sources form the methodoiogy for this research At a theoretical
level, the paradigm of cartographic communication is used as the chief guideiine. This
theoretical guideline provides discipline for the methodological spproach, and potential
for strengthening the theoretical structure in cartography with the study results. Aspects
of information theory and cognitive psychology. as they apply to cartographic :
cmaﬁon,wwodwmdumwwwm.aﬂﬁpfﬁnthﬁ ,

" .researchers who refuse to borrow at least parts of theories from other fields put
themseives st an unfortunste disadvantage.'Bunge, 1966. p.5) Finelly, the study
procedures of previous resesrch in choropieth mapping were evaiusted according to the
theoretical criteria, and sxamined for applicability to methodology and procedure
deveiopment The three elements were combined to form a methodology which is suited
to the observed probiem in choropieth mapping. as well as to the developmaent of a
general theory of cartography.

Hypothesis _ ‘ )

A hypothesis was formuiated as the initial procedural step in approsching the
problem of the quantization controversy in choropleth mapping The hypothesis was
developed within the fr,mowork of the proposed methodological approach: &
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combination of the current atmosphere in thematic cartograptty, the currently accepted
paracigm of cartographic communication, and the conclusions of recent research in the

srea of choropieth mapping The hypothesis from which the sxperimental procedure of
this study was formuisted may be stated as follows A threshold quantization level, which
represents the optimum tradeoff between statistical accuracy and cartographic
communication of the mapped information. exists for choropieth maps

C. Procedurs
Preliminary Considerations
The experiment in this project was designed to test the proposed
hypothesis. Two chief factors weres recognized and defined for the study map
Map accuracy is 8 controlisbie factor, dictated by the quantization level of a
be defined in detail for the purposes of this study.

cation is & more complax factor, which will

general definition of cartographic communication as the transmission of meaningful
information via the map. The basic purpose of choropleth mapping has been
identified as the grapiwc communication of aresl patterns of ratio distributions. In

the context of the currently accepted paradigm of cartographic comr
successful cartographic communication in choropleth mepping may ba defined by
the VDIWiI"i sbility to perceive distribution patterns in the mppod information at a
given quantization level. Th- maaning of the information on the choropleth map is
defined, therefore. by the viewer's perception of that information. It is the

- to choropieth
mapping. combined with rie?mnan of the basic factor of accuracy as the key

application of the general definition of cartographic c

influence on cartographic communication, which forms a base for the jxpiﬁmmm -
and analytical design of this thesis.
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Experiment Design
. The experiment was designed to function as a means of establishing an
information source which cauid be used to study cartographic communicati 'in
choropieth mapping as a base for axperiment design. a test was constructed to

coliect data sbout the map viewer's extraction of meaningful mformation from a
variety of choropleth maps possessing a range of quantization levels. This data
could then be examined and analyzed to assess the effects of map accuracy on
cartographic commumnication in choropieth mapping. The final stage would consist
of evalusting the fins! results in search of an optimum quantization level for choro-
pieth maps. The basic approach of the experiment necessitsted three steps: the
selection and construction of a standard test map, the selection of a sample of map
viewers, and the design of a test by which the required information could be
gathered
Test Map )

Selection

The standerd test map from which the series of test maps was constructed
is 8 choropleth map representing the number of apartments per number of
occupied dwaellings in the city of Toronto, mapped by snumeration unit The data
was obtained from the 1976 Census for Toronto, published by Statistics Canada in
1978. The selection of the original map was undertaken within the guidelines of the

following criteria, most of which were defined with the objective of mai g the

Quantizstion. or accuracy, level as the chief source of complexity in the maps. The

criteria are: 7 '

1. The area must én:nns 8 high number of enumerstion units, m order to
provide potential for a broad range of mn:ﬁn&n levels in the series of test

. mees . - -

2. The senumeration units should be reistively small, to allow ressonably good

3. The enumeration units should be consistent in size, to sliow density levels and



their distribution to dictate tha mapped pattern

4. A map of the original unquantized data distribution should possess several
nodes of high and low density. rﬁdn:iﬁﬁg 2 well dif ferentisted distribution

5.  The area cover&ligijithe test map should be unfamiliar 10 the test subjects,
thus preciuding viewer response based on a preconceived ides of the mapped
distribution. '

6 - As a standardization measure, the seres of test maps ppssl;mﬁq a range of
qtmnmmn leveis should be constructed from the sm original data set,
using the same quintization procedure. -

7.  The possibilities of practical applications of choropleth méPping m urban
planning, with the broad selection of readily available enumeration data, were
aiso considered in selection of the original test map

After the original test map ﬁhcbaﬁ a series of test maps was constructed

The first aspect of test map construction consisted of choosing a series of

quantization levels to be mapped for testing. The limits of the range of quantization

leveis were, essantially, extremes: an unquantized map displaying 183 density levels,
| and 2 highly generalized map displaying 7 density ievels. The other maps were
mmtocw:wbﬁmmmmm ncorporating the |

ions at the lower leveis of the quantization

anticipation of more subtie distinct
spectrum.(see Figure . 1) Due to volume restrictions in dsta, and time restrictions i
data coflection, only six quantization h,v‘l: were chosen as a representative range:
183. 100, 50. 20, 10, and 7 levels. If deemed necessary, the test could be sitered
to sccommodate s graster number of levels for added pr-:maﬁ
Thoneanditlpﬁmcmuctmwnﬂumﬂﬂaf-md
quantization method to be used for the six test maps. Jenks' optimum classification
program, which minimizes the sbsolute diff:r:hcn between original snd mapped

generste the series of density values
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The final step was the selection of a technical means of map construction
The maps were crested using the facsimile mapping techniqueMulier and Honsaker,
1978). producing density level representation of high quality, even for the 183 level
unquantized map. THe original values were scaled to a range from O to 255, based
on the original range of 0 to iQD. for input to the plotter. This new range was kept
for the rsrﬁ-mdgr of the study, since it represented the values to which people
responded

The original facsimile maps were reproduced photographically for testing
purposes. in an attempt to maximize consistency within and between map sets. The
decline in visual quality of the mapped pattern observed in photographically
reproduced maps has been discussed by M onier(1978). He suggests ﬁ‘lit the
data in a photographically reproduced map may be “unintentionally classed” by

reproduction noise resulting from growth of the inked area This visual distortion is
definitely apparent in the test maps employed in this study. However, with the major
ions of the reproduction method defined as pattern consistency between

maps, relative sase of production, and reasonable cost. photographic reproduction
was still seen as the best method available for cresting the test maps. The issue of
visusl distortion in choropleth maps which have been reproduced before publication
will be considered in the conclusions of this project
Sample Selection
Atternpts were made to control the sample of map viewers used in the
nprmﬁﬁmwumiehﬂfrmwhnmymtrm-pmmmm-
for this type of map. This approsch was undertsken in accordance with the beliaf that the
mwwm:muﬁmmrmmhmmm:mmucmm
he makes design décisions. The geography students tested had similar backgrounds in
geography. snd common familisrity in the use of maps.
A Singte :-n;sl- would not suffice for the set of six maps, since repetition of the
and last map tested per person Thersfore, the oversll sample was subdivided into six
groups. a subsample for sach of the six test maps. Thirty peopie were chosen for sach
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Genersiization Task

Thirty test maps were created for sach quantization level selected A clesr acetste
costing, suitable for marking with a permanent feit marker,. was sttached to each map. A
brief quest
snd test maps are included in Appendix A In the :ynham-r- respondents were

ire was handed out with sach of the test maps Copies of questionnare

instructed to generalize the density pattern displayed on the map into three categories of
high, medium, and low density, by delimiting the map into these groups using the felt
marker Procedure was standard for all six rnq;nts, ' :

A pilot study was conducted to evsiuste the questionnsire and procedurs. The
original questionnaire was then sitered to include a statement that the lightest areas on
the map were those of lowest density, and the darkest areas were those of highest
density. In the final testing. 180 response maps, representing the subjects’ generalizations
of the mapped information, were collected.

Dsts Organization

The coliected genersiizations were transferred to numerical form for analysis
purposes. Each subsample was organized separstely in 2 30x 183 matrix of response
velues. A sample showing the structure of this matrix is found in Appendix D. Each row
represented the thirty individual responses of high, medium, or low for a particular
enumeration unit on the map. The responses were assigned the following values:

1. High-3 ‘

2. Medium-2

3 Low-1 i | _

Esch column represented an individual respondent's generslization for the entire test map.

The median response value was caicuisted for sach unit on esch of the test maps,
based on the thirty responses for that unit The representative median map upheid the
ordinal level at which the responses were coliected The representative median maps for
each subsample were used to evaluste similarities and differences within and between

m"‘"r



D. Operating Definitions in Data Analysis
The terminology used in dsta analysis is as follows:
1. Units- the enumeration units on the original map of Toronto. ¢
2 Ranked original units— the enumeration units from the original map of Toronto,
ranked in ascending or descending order, accordmg to density value.
Sample— entire sampile of 180 responses.
4. Subssmple- any one of the six sets of thirty responses to the test maps.
5. Tests maps- the six original Jenks classified maps 1o which the the subjects
responded
6. Median response maps-— the six representative median value maps compiled for
" esch subssmple.
7. Original unit vaiues— those density values dispiayed on the unquantized map.



IV. Analysis and Results

A. Introduction
This chepter is a summary of the third phase in approaching a solution to the
_ quantizstion controversy in choropleth mapping. data processing and analysis in an
sttempt to discover patterns shd relstionships internsl to the data sﬁueh;a )
complemented by graphic representation of‘ results to obtain a c;laari,ar picture of thase
patterns and relationships. lnvestigaiion of the effects of map accuracy on cartographic
communication in choropleth mapping was undertaken through comparison of original
‘dat,a, viewer response maps, and median response maps &t saveral levels. Essentially, it
was expected that a comparison of viewer response patterns within and bstwaen
sd:sumiles would provide a strong indication of the source snd si@ifica;ﬁ;g of response
variation The series of resuits would be used to make conclusions about the effects of
qumt:utnon and conpbxity on the map viewer's sbility to generalize the information, or
create regional paftorns. on a choropleth map. The results might also provide support for
the hypothesis that an optimum quantization ievel exists for choropleth maps.
_B. Genersl Approach )
‘ The approach to data processing and anslysis consists of four distinct, yet closely
interreiated, levels. At the first level, major characteristics of the original data set and test '
~ maps are identified and described, i;\ order that they may be used as a standard for the
comperison of response maps within and between subsamples. At the second level, the
six sets of thirty response maps for each of the subsamples are examined individually, so
‘ v&t reistionships and pstterns between responses within subsamples can be defined
_ These results then become a second standard for the evaluation of differences between
the six subsampies. The third ievel in;tolvoc ‘comparison of the observed relstionships and
pantums within subssmpies, in order to istablish s further set of patterns and
routionﬁps between ub&'rplos, which will provide an overall picture of response
varigtions between between dif ferent test map quantization levels over the entire sample.
Finally, the observed patterns at ‘dl three leveis are compared, and combined to form a
compiete set of results. This set of results is the source from which conclusions sbout

27 ~




,\

the quantizstion controversy and proposed hypothesis were derived.

C. Limitations in Response Analysis
| The dsta were collectad in the form of three class responss maps. i’ﬂ'u!fsfcri
patterns in viewer response were measured according to the characteristics of response
maps and median response maps, compared with one another, and with the
characteristics of the original data and test maps. A set of criteria for response
measurement and comparison was compiled, and techniquas for deriving the
measurements from response maps were formulated

Malsurmt and comparison of rasponses were restricted by the ordinal level at
which responsa maps were constructed, and, more significantly, by the araal factor
inherent in a two dimensional response map. Each response consisted of an arrsy of 183
values, with aach value representing an ordinal response for a particular unit on the
original test map. :Amts ware made to apply standard statistical tests designed for
ordinal data, such as the Krugksl-Wallis test and median test, with little success. While
values were obtained using these tests, it was apparent that the tests failed to
incorporate the distributional qualities of the responses, and could not be presentad as

valid representations of response varistion. Thus, it was nacessary to dasign selected

j of viewer response which would provide information about patterns and

ips in two é—;:nman-l responses. This task was sccomplished, and aithough the
rasuits obtained through the application of selected techniques lack the predictive power
of resuits obtained through the uss of accepted statistical anslysis, they fulfill two
important requirements in this study: ' ’

1. revelation of d::tnnct patterns and relationships in the data structurs.

2.  provision of a statistically Iggitiﬁjta representation of an unusual and specialized

data set

D. Data Analysis
Selected Charscteristics for Responss Masasure

The general characteristics of viewer response were selected to obtsin detailed
information from the data that would define patterns and relationships specific to the




consistency, and response unity. Response sccuracy was chosen to define the viewer's
ability to recreate a three class generalization of the data, as compared with a three ciass
generalization obtained using Jenks' optimum classification, and with the three class
response generalizations created at all six quantization Igvglhs, Raesponse consistency was
chosen to provide a measure of the g&var;l patterns of response among individual
responses for each subsample. The degree of consistency between response paft-rns
and the original data patterns would indicate those test maps with which people had the

most difficulty. Response unity was identified as the-level of agreement in response

maans by which source araas of confusion on the test maps. and overall levels of ‘
confusion within and between subsamples of responsss. could be located The measures
of response accuracy, consistency. and unity were used jointly to provide a
compreshensive measure of viewer response r:ltturn: both within and between

The resuits of response analysis were used in a8 comparison with original data,
test maps, and three class optimum generalization The cheracteristic of map accuracy,
varyng with quantization level, had aiready been selected as the most significant factor
" affecting cartographic communication in choropleth mapping. Map complexity, which is
closely related to map accuracy, and affects the visusl appesrance of a mapped
distribution, was selectsd as a secondary characteristic to be studied in the evalustion of
cartographic communication. Map sccuracy is a controllable factor, dictated by the
quantization level of a choropleth map. Complexity, however, is an intricate festure,
which is more difficult to control. it is relsted strongly to the quantization level and
method used in making the map, as well as to the distribution festures and snumeration -
‘ { pattern at a given

areas associsted with the original data The complexity of a mappe

quantization level is dictated by the distribution characteristics of the original data, and
cannot be altered without aiteration of the quantization method or the quantization level.




Compilexity is ,d,aﬁnld. by the contrast in density between adjacent.units on the map,
coupled with the level of visual disruption created by irregularities in size and shape of
the mapped units. For example. a checkerboard contains a high evel of contrast, but the
regularity in size and shape of the units create a visually simple pattern. A high degree of
complexity exists when there is a strong contrast between adjacent units on the map,
combined with a high level of visual disruption in the size and shape of mapped units
Sepending upon the nature of the original data, complexity may be. when combined with
the added volume of information inherent in increased accuracy. a detrimental faﬂza in

the transmission of meaningful nformation via the choropleth map: Two maps of identical

identified, the problem of designing techniques to measure these characteristics through
processing of mapped data was approached. Several basic data processing techniques ;
were designed and implemented using varying farms of the data structure, to permit 7
comparstive snalysis of results st tha four defined levels.
Data Proocessing Techniques

The data processing techniques used in this study consist of computer
manipulste arrays of numbers whose values were matched with the 183

enumeration units on the original map of apartment density in Toronto. The methods
used to mn:- response accuracy, carmlt-n:y and unity, as well as those used
to define c:hstzt:fgstics of the original data and test maps, will be outlined in detail.
A listing and documentstion of the actusl programs used in data snalysis are
included in Appendix B.
Response Accurscy
Overview Acciracy index B L
o R-mr:nn ::cur:cy was defined by charscteristics of the three class
response maps. The accuracy indicator chosen in this study |: the overview
accuracy index of response maps, caiculated using the method set out by
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Jeriks and Caspeii( 197 1).

Description of the overvisw accurscy index technique begins with the
basic three dimensional dsta modei used to visualize the characteristics of a
ratio distrbution. Each original distribution can be represented by a three
dirmensional data modei. A generalized representstion of the seme distribution
would be seen in a three dimensional generslized model. The volumetric space
between the three dimensional generaiized model and three dimensional
original dsts model is the overview error factor of the generaslization The
most accurste overview of a distribution will be obtained from the generaslized
‘model which most closely approximates the data model. It was this process
which was used to creats the six test maps used in this study. These
generslizstions, therefore, represent the highos't OVerview accuracy possﬁg
at those generalization levels. :

The volume of error is composed of s series of "error prisms"(Jon'ks
and Caspall, 197 1). There is one error prism for each unit on the map, with
the error vaiue representing the dif ference between the generalized vaiue for
the class in which that unit was placed, and the original data vaiue for thet unit
Some units in a class will possess a higher value than their original value, while
others will possess a lower vaiue. The magnitude of error for a generalization
oquals ﬂnkﬁk sum of the volume of all the "error prisms”, which meke
up an overali bisnket of error for the entire map. )

Jenks and Caspalil csicuisted an overview accuracy statistic, based on
the measurement of overview ‘orror. in this case, the theoretical limits
required in the development of such a statistic are defined by the most
accurate and least accurate genwaiimions possible, that is, an unquantized
map and a one class, ultimately quantized, map. Once these limits are
established for a particular data set, the overview accuracy for any
generalization of the data csn be compared with that of any other. The
overview sccurscy index uud in this study is oq;anl to tho error index .
subtracted from one. The formula for the error index is: total error volume of

generaslization/total error of most inaccurate map.



The overview accuracy index for a generalization, therefore. will be in
a ranga from zero to one, with one representing a map which is one hundred

for the six test maps. three class optimum generalization, median response
maps, and individusl responss maps, permiting comparison at ali levels of the
data The computer program used to caicuiste the E!;ﬂiiw accuracy index
required the foliowing mformation number of units, number of classes in the

generslization, densities of original data, size of en
limit densities for each generalization A copy of jhis program is listed in
Complaxity/Contrast index

The next data processing technique was crested to producs a messure
of the complexity level associsted with each quantization level, for each of
the test maps. It was praé-aud that response sccuracy could be better
understood if test map characteristics that were associated with map
accuracy were understood aiso. ?:ﬁ;rns of changing compiexity could be
compared to patterns of changing accuracy for all test maps. The comparison

would provide information sbout the r 1ship between accuracy and

complexity for the maps, thereby sllowing more comprehensive evalustion of
sources and patterns of response varistion Contrasts in density leveis among
triads of adjacent units over the map were used as the general standard of
map complexity. Based on this niﬁdrd a method for establishing a
complexity/contrast index Iar each test map, and for additional quantizatiorn
levels for which data wifir,i\i,iilﬁli, was fashioned The indices were then |
grqph-d to exhibit a pattern of complexity varying with quantization love)
’l‘h- t step in calculsting the complexity/contrast index is the
idﬁtnfu:maﬁ of all triads of adjacent units on the original map. This numbaer
will be the same for ail tast maps, whils the density values for those units
would vary between test maps. The definition of an adjscency trisdisa
situstion where three units on the map are adjacent, with each unit being
adjacent to the other two. A program was written to search a logical matrix



on 183x183. constructed to cross—match adjacent units with a
valus of one. and those units which were not adjscent with a vaiue of zero.

The program was designed to produce a list of the adjacency triads. The list
for this map contained 144 triads. )
The second phase of caiculation involves computation of the contrast
levels within adjacency triads The absolute dif ferences in density value
between three sats of two units were computed for sach adjacency triad
These contrast levels were caiculsted and summaed for sach test map
In order to define a complexity/contrast statistic, theoretical limits
~ were set The lowest possible contrast level is zero, occurring when all three
density values are the same. The highest possible contrast lavel is 510, since
the highest mapped vaiue is 255, and the lowaest is 0. Thus, minimum
compiexity wouid resuft if the contrast level for all trisds was zerol 144x0).
-Maximum complexity would result if sii trisds possessed the maximum
contrast level of 510(144x510). If maximum contrast is used as the
theorsticsl measurement standard, then a summation of the contrast levels for
all 144 triads, divided by the maximum contrast, will yield a
complexity/contrast index, the maximum of which wouid be one, and the
minimum zero. The formula is as follows:

Z(c.,* an-n-C,k)
Max. contrast

LY

-where C=sbsolute differences between unit densities, and i, .k=units in
adjecency tried SmhmxnsmW:mm standard which
could be spplied to all of the test maps, rt can be used to define snd compare
the complaxity/contrast characteristics of all thni maps. The programs uud‘
to caicuiste the index are listed in Appendix B. 7

The maasure of response consistency is based on a comparison of the unit
rﬂmnﬂﬂarnwmmdwmm from originsl data ranking seen in the )

median response maps. The originsl data distribution and test maps all possess the
L]



same ranking of units, from lowest density to highest density, regardiess of class
values or class lmits. However, the median response maps contain ranking errors,
due to consistent mispiacement of 2 unit into a class above or ‘below its ranking
order. Ranking errors were looked ﬂ‘ in severs! forms:

1. disruption of distribution patterns. |

; volume of ranking error by quantization level.

3# . volume of ranking error by ordinal class level

The class limits for median response maps were set as the first occwroncé of that
valugieither 1. 2, or 3) n the response array. Misranked units are those units
comained within the class limits of snother class v;lue No class mn the original
distributions will contain misranked units, while each class in the median response
maps has the potential for containing misranked units. For example, the range of the
lowest class may contain both medium and even high vaiues The leve! and pattern
of this inconsistency would vary for sach test mm The misranking of units siso
resuits in an overiap between classes, with the Creation of gsps between the end of
one dsta class and the beginning of another. Essentisily. the original units were
ranked according to response value, so that pstterns of zimption in distribution

{

for each response could be viewed. This pattern is displayed in graph form for )
each medisn response map. Absolute numbers of misranked units for esch
quantization leve! of test m:p were siso graphed. Finslly, misranked units were
graphed for each cius st each quantizstion level, so that the class ievel in which
mMost errors were made. and patterns of this error over the different test maps.
could be made. o
Response Unity _

Response unity was the third general characteristic chosen as a possible
- Mmeasure of viewer response. A method of defining unity according to the three
class response maps was Sbtnmd by csiculsting the total number of devistions
from the medisn response vaiue for uch unit on the map. For example. if the s
'. medisn response was 2, and there were tweive peopie who responded with either
1 or3forMpnicdr'mit,MﬁnWof devistions formnmitwwqbi
assigned a value of tweive. The totsl number of devistions for a subssmpie was

f

-~



calculated by adding the number of deviations for each of the 183 units to which
viewers responded The mesn devistion vaiue was derived by division of the total

program used to casiculste response devistions is listed in App-m:hx B. A sample
listing of deviations by map unit is found in Appendix D Distribution of
disagreement iavels w-s c;lcullt-é for each subsampile, as a maasure of unity
within subsamples. Flr\!ﬂy the devistion levels were graphed for each unit on the
map. from highest to lowest ranked original units. This was done in an attempt to
locate the areal patterns of disagreement, and possibly define sources of response
error through asreal similarity between subsamples.

E. Resuits ﬁf Dats Analysis
Imrodl.lctlﬁn

The results of this study were obtained using the levels of analysis and techniques
of data processing previously outined Patterns and relahonships in viewer response are.
basicsily. dirh*lh\mam over the range of test maps or by map unit Ptft-rns in the data sre

patterns siong the constant X axis covering the range of quantization for the six tast
maps. The graphs are siso useful for the display of patterns siong an axis of the original
ranked units, to bring out varistions sssocisted with unit density level: The outiine of

analysis. characteristics of original distribution and test maps, results of analysis within
| subsampies, and resuits of anslysis between subsampies. including an overasii comparison
with other resuits. b
Cherscteristics.of Original Data Distribution snd Test Maps
Data Distribution _

' The data distributions far all six test maps and the three Class optimum
generalization wél graphed, from lswﬁt dsta value to highest data value by unit,
so that siterations to the original distribution resulting from quantization of the data
could be -xfnmd. Graphs of m distributions are displayed in Figures IV.1~IV.7.



#

Lists of originsl data are found in Appendix D. From these graphs. several
interesting observations can be made. Moving from the original distribution towards
the 3 class generalization, there are no readily apparent steps in the distribution until
the 20 class level. This indicates a general lack of disturbance to the data ‘
distribution by the optimum generalization program until thus generalization level is
reached This lack of disturbance is seen in these graphs. and aiso in the visual
sppearance of the data on the test maps. The general trend of the distribution is not
significantly altered until the 10 class test map, on which the trend of concentration
of data in the lower classes begins, and very large steps in the data become
spparent The trend intensifies st the 7 and 3 class quantization levels. and should be
considered as 3 potential influence on viewer response to the test maps
Complexity/Contrast Level of Test Maps

The complexity level of the test maps was considered a major factor in the
study of transmission of the added nformation made available to the viewer
through more accurate maps. Complexity depends ﬁnﬂﬁly on the nature of the
distribution, not solely upon the quantization level at which the data are ;iﬁﬂff:lizid
The complexity/contrast index was calcuisted for the six test maps and the three
class optimum generalizstion. The results of this analysis are displayed in Figure IV.8
A list of values is found in Tablé 1, Appendix C. The basic pattern of ct;rrplgiity
versus quantization level consists of a steep rise beginning at the 3 class

- generslization level, a gradusl rise to the 50 class level, and s complete leveling off

st this point

As might be expected with the method used to calculate complexity, the 3
ciass generalizstion possessed the lowest level of complexity, dus to the presence
of large sreas with a zero contrast level in density There is, however, a sharp rise
in complexity with tha 7 class generalization which is more difficult to explain,

/ after this value. It appears

bacause thers is a drop in compiexity level immaediata
as though the 7 class generslization represents a threshoid level of quantization for
compiexity. The data has been divided into distinct groups. however, the groups
exist on the maps in small sections, as opposed to the iarge cohesive masses cn

N
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Figure IV.2

002z

'SSHTD Q3YONNH NOILNEINLISIO UNIOIMO

1-H'SLINN ONGY

0st 921 Qm_ 1 m,sﬁ , 08 82

1 1 ' 1

e

o081

~—
3NBA 1INN

—
on

o
[+1- 31

—
o012

—
ors

-,
E 3




39

Figure IV.3
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Figure IV.6
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Figure IV.8
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the 3 class map The fine gradations from high to low density on the 10 to 183
class maps sre not apparent on the 7 class test map. Rather, the contrasts in density
UOWﬁVﬁﬁthaﬁm!mmdiﬁﬂtyFatﬁumﬁ
generalization, and lack of spatial continuity in these groups over the map. The
discovery of this pattern reinforces the fact that generalization disrupts naturasl
patterns in distributions. To take the argument slightly further, the discovery aiso
provides an ndcication that disruption may occur st a particular threshold
generalization level to thk extent that a more complex map may result from a
generalization that was originslly designed to simplify the distribution

It is the general pattern of complexity which is most important to this study.
The'range of complexity indices over the seven generalization levels is quite small,

from .247 to .303. This indicates a consistency in the distribution pattern of the

AN

original dats which is maintained, in general, through generalization from 100 down
to 3 classes. The narrow range in complexity, and strong E;;'tﬁii,itmy in distribution
psttern may be the result of a high level of spatial sutocorrelstion in the areal
pattern of the data The general pattern of complexity variation shows a more
significant change st the lower levels of highly generalized maps, with the addition
of accuracy at the higher levels having absolutely no obvious effect on map
complexity. The observed narrow range of iow complexity indicstes that
compiexity will not be a significant explanatory slement in evaluation of response
varigtion for this study. However, general and specific pattern trends of complexity
have led to cbservations about generalization, and about varistions in complexity
with changes in map sccuracy. These observations may be applied in other
perception studies, and in the examinstion of map accuracy shd complexity in the
practicsl situstion of choropileth mép construction.
Test Map Accuracy

The overview accuracy index was applied to the test rnnp: and three class
generalization, as snother maans oOf setting standerds for response analysie. The
resuits of this application are foundl in Figure IV.8, in which the relationship between
sccuracy and quantization is displayed. A list of vailues is found in Table'2, Appendix
C. Two major patterns are evident in the graph. The first psttern is that the accuracy
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level is high for all saven maps. and covers miy a small range of the accuracy
index. from .85 for the 3 class generalization to 1 for the unquantized map. Thes’
situstion is caused by two major factors. The first factor is the nature of the
original distribution used to construct the six test maps. The distribution is linear,
v:mh no spparent natural bresks. The optimum generalization technique Was very
well suited to the data structure, providing data classification without any serious
alterations of the structure, other than the presence of classification steps. The
second factor is the utilization of a.common program that was designed to
maximize the overview accuracy of the generslizations st esch lcvai That is, the 3
Ciass generalizstion created using the program would pésnn the highest overview
accuracy index possible for a 3 class generalization of this data set The same
statement couid be made regarding the other six test map generalizations. A

: combiﬁation of these factors resuited in the observed accuracy pattern, setting a
narrow standard of varistion between test maps which would also strongly affect
the observed range of variation b-m-an fesponse maps. The visual pattern of the
original data was the chief consideration in choosing the data set from which the
test maps were constructed; therefore, the linesr statistical distribution affecting
the range and level of test map accuracy in this study was not anticipated The
standards set by these maps must be accepted for this study; however, desirability
and possibility of obtaining both statistical and yisusl variation in mapped pattern for
future studies is recognized, and will be discussed further in the conclusions of this |
study. \ .
The second pattern festured on the graph is very similar to the pattern seen
for the complexity/contrast index. There is a steep rise from the 3 ciass up to the
7 class Qeneralizstion, then a gradual rise to the 20 class generalization, and finally a
compiete leveling off to the 183 class map. Once again, the considerable degres of
consistency between the original data distribution and generalized distributions is
spparent This situation is particularly evident beyond the 20 class generalization

" level, where addition of information does not appear to have any effect on map

sccurscy.



These three aspects of the original data were examined and displayed in
graphs in order to provide a standard for evaluation of viewer rasponse. The
standards will be referred to, particularly, in the discussion of patterns and
relationships between subsampies. because the data are represented sccording to
test map quantizstion level Thus, the same axes are used in the construction of
graphs, and visual comparisons can be made aasily between patterns in the original
dsta and patterns in viewaer r’aspaﬁsa,

Anslysis of Relstionships Within Subsamples
Introduction

The snalysis undertaken within subsamples as conducted fqr the chief
purpase of establishing whether or not there was enough agréement in response
within mmm to allow the median response maps to be used as
representatives of the subsamples. Unity of patterns within subsamples would aliow
comparison of pstterns between subsamples, using median response maps as a
standard for sach test map.

The measures of the level of representation of individusl responses by a

measures provide a single value for sach response or unit, respectively. which can
be compared to a mean value for each subsample. lt-mt be accepted, for the
purpose of this study, that response distribution is measured in this fashion, md
that the results of h:mmmtpﬁmtunefhmr;mmtn
valid representations of the six response subsamples. |
Eimanu Unity
The first measurement of response unity was the caiculation of mean
_deviation from median response values for each set of thirty responses. within
mﬁm it was the purpose of this procedure to establish the unity of response
- devistion within sach subsample. The caiculstions were made using the tables of ;
devistions from median response iocated in Appendix C. The individual number of



devistions from the median responss were caiculsted for asch unit on the map for

each subsampie. The mean on level and the standard devistion wers then
calcuisted for each subsampie of response devistions. It was discovered, for all six

_ subsamples, that the individusl totals of d:vuhm from median responses for sach
unit on the test map were normally distributed about the masan devistion value for
that subsample. Thus, evidence is provided that the median response maps are good
representations of the individual response maps. The maan deviation values obtained
for each ﬂ.bnmplg will be discussed in the evaiuation between subsamples.
Response Accuracy |

The response accuracy was caiculafed for esch of the 180 response maps

using the overview accuracy index procedure. Then, the maan and gtandard

“ deviation were calculsted for sach set of 30 overview accuracy indices per
subsample. The irdividual overview accuracy indices were found to be normally
distributed sbout the mean of the overview acccurscy indices for sach subsampie.

The accuracy levels were low, since the class limits set L‘th- rispcnsg rn-p:

valuss are listed in Table 3, Applndm C. (note these values are listed :c:cardmg to
tast graup any other ordering in the listing is tbltrty, since a dif ferent respondent

varignce of response sccuracy wihwch Wm provide a statistical measure of

patterns Within and batween lu:nrnph: However, evidence of response axtremes

in all subsamples indicated that reduction in number of classes had no apparent

' effect on the presence of cxﬁ*m errors in f:ﬁénn; thus, it was concluded that
snalysis of varisnce would not lead té’fﬁy further explanation of varistion between
subsampies. The median maps used to evaluate viewer response represent a

not part of the general overall response. |

n of axtremes that ars
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it may be conciuded from the resuits of these two statistical tests that the
mechan response maps are useful and valid representations of the thirty original
response maps collected for each test map. The six median response will be used
to evaiuste and display varistions between the six subsampies ‘
Anslysis of Reistionships Bstween Subsamples and Comparisons with Originsl Data
and T;if Maps
The maedian response maps for sach subsampie were evalusted according to
Jccuracy. consistency. and unity of response. Resuits were graphed by unit number
éﬁ"d test map number. Thus, pstterns were viewed as trends varying within
quantization level of test map. and between quantizition levels of test maps.
Response Accuracy
Rnpann accuracy of the three class median response maps was
represented by the overview accuracy index. The pattern of response accuracy
varying with test map quantization level is displayed in Figure IV 11. A list of values
is presented in Table 4, Appendix C. The line between the 3 and 7 class level
mndicates the expectsd ch;p from the ﬁixm possible accuracy for a three class
map, the vaiue of the overview accuracy index for the 3 class optimum
generalization. in making this graph, it was assumed that response to a 3 class test
map would be compietely accurate for all respondents. The pattern displayed on
this graph represents an interesting reversal of the pattern displayed in Figure IV.9,
.which shows the variation in accuracy for test map quantization level. Here, there is
8 sharp drop down to the 7 class response. then a more gradusl siope to the 50
class response. and a very gradual decline to response accuracy for the 183 class,
unquantized, map. The range in accuracy is larger than for the original test maps. Ali
sccuracies are lower than the lowest sccuracy for the optimum generalization, the
accuracy of the 3 class optimum map.
.The rate of accuracy bnﬁrmmmuhmafgm;
increases. This observation is not unususl, when the complexity level and
photographic reproduction error of the test maps are taken into account For this
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data set. the complexity index levels of f at the 50 class generalization A similar
trend is seen in response accuracy. It is, therefore, possible to produce maps with
higher accuracy without increasing complexity, but the usefuiness of this practice in
the presentation of general patterns of information is questionable' aithough

'qu'mation preserited and obtained may be negligible. The effects of photographic
reproduction on the visus! appearance of the test m; must also be considered as
a factor which might infiuence viewer responsae. particularly response to the lass
generalized maps in which upper density levels might be generalized by the
reproduction method used Those areas of the map automatically gl.nnifindk by
reproduction noise would be sutomatically classified by the map viewer as well. In
this project, the compiexity vaiues and range were narrow for the test maps. Thus
1t may be expected that reproduction noise would have limited effect on the visusl
appearsnce of the mapped pattern, and thereby limited effect on response patterns.
However. if complexity range and values were high, then photographic
reproduction noise could be a significant factor in limiting the visual impact of this
conﬁbxity, s perceived by the map viewer Owing to low variation in accuracy snd

complexity in original data distribution and. test maps, it will be assumed that
genersiization of dats inherent nn photographic reproduction of test maps had little
effect on observed response patterns. The ramifications of these observations in
the fisid of choropleth mapping will ba discussed in the conciuding chapter.
Responﬁ Consistency

The measure of response consistency concerns the presence of misranked
units in median response maps. The total number of misranked units for sach of the
si; subsampies was graphed according to test rnip quantization lsvel, as poen in
Figure IV.12 These ¥siues, along with values for each ranking class are found in
Table 5. Appendix C. The general pattern consists of a sharp upward trend to the
20 class response. with a shallower angie rising to the 183 class response. In a
detsiled view of the ranking errors in response maps, a shght dip in the error for
the 50 class responss is seen A possible expianstion for this dip is not readily
spparent. '
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., The number of misranked units was siso graphed according to the three
classes of response. high(3), mediumi2), and low(1), as displayed in Figure IV.13,
These vaiues are caiculated according to the total number of misranked units within
the class limits of each of the three classes for each median response map. The
graph shows the considerably higher ievel of ranking error in the second ciass,
presumably due to the fact that this class incorporates both overestimation of
lower values and underestimation of higher values in the range betwesn the highest
and lowest values. This observation is later strengthened by examination of error
" distbution over the mapped surface.

The ranking distributions wers also graphed, to show devistions from the
original data distribution ranking, shown in Figures IV.14-1V, 19, The graphs display
disruptions created by misranked units in the medisn maps. The 7 class response
distribution shows the lowest alteration to the original distribution, with no change
to data ranking between the first and second class. The level of ranking error alters
the pm of the distribution most significantly in the 183 class responss. The
other responss groups possess an incressing level of error, with varying rﬁm
ﬁmmﬁﬁﬂufrﬁmdmndcm:ermwﬁdﬂvaemm
Response Unity

The final measure of response was the comparison of individual response
agresment with median responses between the six subsampiles. The results of mean
number of éuvi:tigns from median values gﬁsés test map quantization level are '

exhibited in Figure IV.20. The mean values and standard deviation for each '

subsample are listed in Table 6, Appendix C. Again, there is a sharp rise in deviation

at the lower level, a r-pctltnan of the unexplained dip at the 50 class l-vnl and a
hvﬁmg at the higher levels. The pattern of this graph closely approximates the
trends exhibited by the graph of ranking errors in madian responses. Graphs of
devistions according to unit density present evidence of possible sources of
response error. The deviations from median response according to unit are found
iﬁFigu-is IV.21-1V.26. The grestest number of errors occur in the middie areas of

density arsss. The graphs of devistions from median response atcording to unit

e
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Figure IV.14
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Figure IV.18

00¢

- SSYT0 00t NOILNGINISIA HO¥M3 ONIINGY

TI-H'SLINN O3XNBY

SL1 0s1 S21 001 SL 0s 82 0

i 4 | - 1 1 1 1 o

<+ . &
Q

- 19
o

<+ T“
1 -
i - o
Q

-+ u
Q

+ 2
Q

N

-~ &
Q

-

e 3

-

-+
-y

;h

.

0o¢

L]
oLe:

3NTBA LINN



62

. SSYID €8l NOILNGTHISIO YOHY3 ONIMNGLY |

T-H'SLINN O3XNBY | _
st oSt sz 001 - T s 0S 2. 0

1 ‘ 1 4 L

Figut‘. 19

™, -

081 0st

+

4+
o0&

. §

(.

oy o

oz1

3NWA LINN

0v2

oLz



63

gure IV.20
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Figure V.22
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Figure 1V.26.
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density present some interesting patterns. The 7 class devistion graph shows a
lower level of disagreement from the median response, with pesks in the middie
Classes. Over the rest of the test Fn:r;s these peaks increase in number and height
with quantizstion level until the 183 class map, which shows a spreading of the
pesks to the extreme end of the distribution The 50 class devistion graph shows a
plﬂgrﬁmch fu‘l:hr defines the obsarved anomaly in the ranking error and mean
ends and a considerable drop in deviation in the center of the distribution. The
pattern of lower devistion in the centre of the distribution is also observable in the
other graphs, clearly showing the dif ficulties in rmgng siong the borders
between very high snd very low values, with a very narrowly defined stable middte

the pattern of the 50 class response, but does not really explain the factors which
might have emag it In search of a reason for the lower deviation in the 50 class
test group, the aresl pattern of error, sccording to map unit, was studied for sach
test map. No distinct areal pstterns of response devistion in the responss maps,
other then the previously obeerved problems in transition zones between high and

maps shows 8 leveling at the 20 class mark. Thereforae, the visusl contrasts which
might affect the perception of areas adjacent to very light or very dark areas
should not be a factor here. The only notable difference between the 50 class
response maps and the other five sets of response maps is the relatively high
standard of nestness on-these maps. This rﬁ:y indicate a higher level of thought and
care in response to the map, including more attention to "probiem” areas on the
map, ignored by more careiess respondents. The unusual pattern, while raising

~ interesting questions, does not appear to affect significantly the perception of

general response patterns. Generally, the transition areas of the map appesr to be
the chief source of problems in viewer response unity.

Relationships between subsampies have been studied using the measures of
response acCuracy, consistency, or unity. Results were presented in the form of




7

graphs, to sllow comparison between responses to units on the maps, and between
responses for subsamples This process reprisents the final stage in data
processing, and provides results which can be used in making conciusions about the

F. Summary of Reaults
The basic levels of data processingfave been compieted, providing the

information -bﬁx.rt patterns and reistionships in the dsta structure from which conciusions
will be drawn. Definits, and apparently reisted, pstterns have been seen in response .
patterns in saveral forms of the data From these patterns, conciusions sbout
results of this analysis will be surmmarized as follows:

1. Original Distribution and Test Maps

‘ L linear distribution of test map data. moderately mmb-dby optimum

b.  Accuracy
1) high values. -
2) nerrow range.
3)  general pattern of steep rise from more generalized maps to complets
leveling at the 50 class generalization - ?
c Complexity
11 low values.
&
3)  similar pattern to accuracy, with exception of pesk st the 7 class
generalizstion
2.  Viewer RQ!P;Dﬂi! Maps
& level of agresment among individusl responses within subsamples.

S 2 accuracy of i
‘accurscy of response maps for each subssmple.



Patterns Between Subsamples

1

2}

Unity— increasing disagreement level from highly quantized to
unquantized test maps, with exception of dip at the 50 class
generalization; problems in transition areas.

Consistency— number of misrankings increases in pattern similar to unity
in disagresment. including dip st 50 class. most difficulty seen in
transition aress between high snd medium, and low and medium;
increasing deformation of original distribution ranking from 7 class to
183 class generalizations.

Accurscy- small range; reverse pattern of test map accuracy, with steep
downward trend from 3 class generalization snd leveling at the 50 class

Two unanticipsted factors influenced the pattern of results. First, the nature of
response maps preciuded the use of standard statistical tests. Second, the statistical
pattern of the original distribution crested a narrow range of accuracy and complexity in
the tast maps. which set a standard for the narrow ranges in response varistion. Despite
the effects of these factors, distribution PTG iN VIieWer responss were evident
These patterns, combined wr\‘.h the unexpectad problems sncountered n this study, will
provide the source of results from which some of the conclusions sbout this project will

,



V. Conclusions

" A Introduction

-Thg conclusions set forth in this study have several sources, as well as seversl
focii The sources of the conchusions comprise the following the probiems encountared
in carrying out the study and data snalysis. results of the study, and results of previous
research in reisted studies in choropleth mapping. The specislized focii of these
conclusions include the following areas: the ramifications of observed problems in the
study, the map viewer, the proposed hypothesis, and the quantizstion controversy in
choropleth mapping A broader focus of the conclusions is defined as the utilization of afl
that has been learned in this study to obtain s greater understanding of the role of
cartographic communicstion in choropleth mapping. and the contribution of stucies in

ication to the development of cartograghic theory.

B. Problems Encountered and Tackled In this Project
introduction 7

The problems experienced in this pfa)-::t afe a very important component of the
conclusions which will be presentact these problems have influenced the analysis, results,
and overail direction of this research; the basic matrial from which conclusions ar
formed As with any experimental project. unforeseen problems arose at seversl 12;1
in the study. Some of these problems were resolved through changes made 1o the
" procedure or gosls of the research Others pressnted s more dif ficult ;h:n-i;ip- h
recognizable, though hardly removable at the particular phase of this research in which
they were encountered ;
Test Maps

The first problem in this study w:.: the selection cz;f test maps. Owing to the time
consuming nature of transferring the dats to workable form, the number of subsamples
was limited m six. Although 180 individust r-tpgnm wers coliected, only six medien
response maps could be calculsted for the sample. This problem was tackled through
n of a test map range, coupled with recognitiop of the limitations to
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? Aﬁtﬁhﬂm;hﬂbmﬂccﬁdmdcmﬁm a sscond major problem

maps for testing purposes resulted in distortion of the grey scaile seen on the origmals.
erh cmmm of cost and consistency, the maps were smployed in the test In the
analysis section of this study, it was concluded that the dlstaﬁnan resulting from
photographic reproduction had little effect on response varistion Howaever, it has been
quantization level in choropleth mapping If the higher density portions of the dats set are
being generalized by the reproduction method, then the continuous tone map becomes no
less a "useful lie” than the highly generalized choropieth map. This factor is one of several
which should be considered in the selection of a quantization level. The other factors
which were recognized in this study will be discussed in conclusions about the data snd
data analysis. |
Original Data

The third major problem which was discovered in this project concerns the
originaj data used to make the test maps. in selecting the original dats, several trisl maps
were made, snd evalusted according to the criteria defined in Chapter 3. These criteria
were deveioped to evaiuste the visusl qualities of the original distribution, in an attempt to
' focus upon the map viewer, rather than upon the statistical qualities of the mapped data:
It Wwas not until the analysis stages that the measures for evaluatiig accuracy and
‘complexity of the maps were selected and developed, and tht effects which the nature
of the original statistical distribution were to have on these Measures were revesied The
lingsr distribution of the dats was r-uﬂmy undisturbed by the thmm generalization

maps. Thus, after the testing h:dbgm :crrphhd it was rnlizqd that the nature of the
statistical distribution would have m:rl effect gn the visusl maps than was originatly
anticipated However, while the use of a distribution which was markedly atfected by the
genersfization pﬂ:ﬁln mly’lfhlvi provided a bﬂ}ld!r statistical range in the test maps, it
might have resulted in wlu:l vrtmon: that were dif ficult, or impossible, to control. The
qualities of ﬂ\l tost maps q:pur-d to affect the patterns of viewer response quite
strongly. Am#\hrﬁgimrmwnlaw mmefﬁwW\nml



and statistical qualities of the test maps sliowed the isolstion af: possible sources and
general patterns of response varistion i

The problems crested by ;1- difficuities in controlling both the visusi and
statistical patterns in the data for mapping have prompted several conciusions in this
study. First, the m- of isolating both the statistical and sresl pstterns of test maps
in 8 projett of this nature was recognized. Since both varisbles produce effects upon the
patterns of VIeWer response to test maps, an understanding of these variables ai
important in the svalustion of viewer response. The second conciusion reached in
observing the data problem is that a balance of the statistical and areal patterns of data
when making a set of maps for a perception test is difficult to achieve. in sttempting to

resuiting from the dasts probiem concerns both the area of this study, and the area of
selection of a quantization level in constructing choroplath maps. It has become spparent
through the evaiuation of dats patterns in this study that the statistical and visual patterns
of s dsta distribution are not necessarily relsted in a predictable manner. Fér sxample,
while two unquantized maps may possess similar visual distributions, the generalizstion of
esch statistical distribution may alter the sreal patterns in very different ways. Essentially:
the relationships between statistical and ares! distribution patterns will vary with each set
of original data, and at sach quantization level. Thus, it must be conciuded that an optimum
Quentizstion level suggested in this particular study could apply only to the data mapped in
this study. More importantly, it has been concluded that selection of an optimum
quantizstion level will depend strongly upon a clear understanding of the effects that the
statistical characteristics of the data distribution will have on the visual patterns present in
the mapped form

Analysis ,

The finsl problem that prompted and influenced conclusions was the difficulty
encountered in snalysis of the two dimensional response maps collected in the study.
concluded that the task of data analysis should be carried out using tests and measures
designed for the specisiized nature of the data The inapplicability of predictive tests in
the data analysis. combined with conclusions sbout the potantial varistion between

il
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statistical and visual distribution of test maps, persuade the author that specific
conclusions about viewer response to the tast maps cannot be used to make predictive
statements about a general optimum quantization level in choropleth apping Howaver,
knowledge of the original mapped patterns, combined with observation of responge
patterns, may provide information from which conclusions about sources and patterns of
response varistion could be made. These conclusions 'could be spplisd in further tests of
viewer parception, and in the practical sslsction of an optimum quantization level for I
specialized data set and map audience

Conclusion ‘

Several major problems were sncountered in this study. Although resolution of
ﬂnprahmmrm-ﬂmﬂml to both the thought and practice of this
project, their influence has inspired the most educationsl challenges and valuable
conclusions in this thesis. '

C. The Aversge Map Reader

Results of studies conducted by Jenks(1974) and Muller(1979) mave provided
evidence to support the gxinﬁé- of an "sverage” map reader. The theory of the average
map has been very ussful in the study of viewer perceptions in Mapping. permitting tha
use of sampling methods and statistical analysis in perception resesrch The sampling in

this study was undertaken on the assumption that an sverage, or representative, map
could be compiled from a series of response maps. The normal distribution of devistions
from the madian response sbout the mesn devistion isvel and the normal distribution of

support for the theory of the average map resder. Statistical 1mmg was not possible -
with the reponse arrays. However, the patterns of response between subsampies gain
considerable mfram the fact that thay are derived frg'm a statistically representstive
composite rm@ﬁn‘ of the thirty individusl responses for sach subsample. The results of
theory of the average mep is s useful tool for the analysis and verification of viewer
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D. A Threshold Quantization Level ? .
The specific hypothesis upon which the procedure of this thesis was based is
defined as the proposal that a threshold quantization level which optimizes the tradeoff
between accuracy snd cartographic communication exists for choropleth maps.
Conclusions about problems with the sample size, uniqueness of choroplethic patterns,  ©
and inapplicability of statistical tests to hﬂm arrays have resuited in an siteration of
the original hypothesis. The sitered hypothesis may be stated as follows: A unique
threshold level of generalization which optimizes the tradeof! between sccuracy and
cartographic communica
proposed map audience in choropleth mapping. The cbserved patterns of response i the
results of this study suggest an optimum g;rﬂrgli;ltiaﬂ level for this data set. while the

ion exists for esch combination of original data set and

overall observations in this thasis provide an excellent set of guidelinas for the selection

of an optimum generalization fot any data set m choropleth mapping

it appesrs from the results of this study that an optimum generalizstion of this
data set is located st the fifty class generalization level. A levelling of response accuracy
and consistency, after sharper trends to this stage from the more generalized test maps,

mean response deviations, there is actustly a declinng trend at the fifty class level which
‘breaks a general upward pattern. It is also at the 50 cClass stage that a bvﬂling ‘of the
sajphxrty d sccurscg occurs, ageh atter a sharp trend from the more genersized
W‘Lﬁtﬂﬁ'ﬁl stage. This pattern indicates that the addition of information beyond the
fifty class genersiization level would not snhance the mep in any way. Considering, siso,
the distortion problems fh-rcnt in the photographic reproduction of choropleth maps,
this observation gains considerable significance.
Cq‘-lan
' The fifty cless genershization level represents an optirmun tradestt between
accuracy (based on test maps) and cartographic communication (based on psttarns of
viewer response), which also encompasses the practical prabl;: of choropleth map

1
4,
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generalizstion level was selected will provide guidelines for the selection of an optimum

lavel for other dats sets.

E. Suggested Guidelines for the Selection of An Optimum Generslization

it is hypothesized that an optimum generalization levet exists for sl combinations

~ conclusions have besn used to devei@ a set of guidelines for the selection of this

threshoid level The guidelines are outlined briefly as follows:

Y

The cartographer must begin with specific knowledge of the purpose and
Proposed sudignce for the map, and establish whether & choropieth map which *
optimizes the tradeoff between accuracy snd cartographic communication will be
the best choice for his situstion |

Knowledge of both the statistical snd visual patterns of the data distribution at both
original and glnlrnh:id levels must be obtained The general qusitties and trends of
hﬁ%ﬁm be discerned through the examinstion of a relstively small
generalization range of the data ' :

The nextftep involves the isolation of factors which m@-ﬂ influence cartographic
communication Since the gosl of an optimum generalization level is the balance
betweeg accuracy and cartographic communication, accuracy levels will be a key
fi:tﬁf to he observed Complexity may be viewed as 3 means by which the level of
information that will be transferred as accuracy increases may be predicted If -
accuracy and complexity increase along similar paths, as cbserved hers, then
selection ::f a threshold generalization level will be conducted with the grestest
degres of ease. Variations in the relationship between accuracy and tomplexity st
dif ferent genershizstion levels may render the choice more dif ficult Another

is the dllrlﬁ'-‘!tll eoffect

observed factor influencing cartographic communi
of photographic reproduction on the representation of grey tones on choropleth

m-p: Even though the finest quality of map production was selected, mef;ﬁ.
quality w‘t in reproduction of original maps. Map accuracy becomaes dependent

upon reproduction quality as well as information level; if distortion will lower the
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accuracy level of a continuous tone map, thereby rMisieading the map viewer, then
the cartogfapher should select a gﬁ’;ll‘!lizitjaﬁ lsve! st which the accuracy of the
mformation is displayed honestly by the reproduced map which the resder sees.

4. The final suggested guideline is encouragement 10 use the pct;nti:i;af computer
technology as both an analytical and descriptive tool in evaluating the qualities of a
series of choropleth maps before selection of a generalization method and
visually presented using both original and packsged computer programs. The
packaged and previously used programs permjt ease of analysis and description,
while the construction of original programs permits indefinite variety in the focus
of anelysis. The emphasis here is put upon the use of the computer in the
prelimmnary stages of selecting an optimum quantization level, as a potentially
powerful tool in map design

F. The Quentization Gaﬁﬁevgr;y

The original problem which inspired an interest in this area of thematic
cartography was the increasingly hested debats over genersiization levels in choropleth
mapping. most recently manifested in the debate over quantized versus unquantized
maps. In the conclusions to this Project the issue is revisited, and discussed sccording to
the resuits and experiences ﬂllcavrnd nm the controversy was first observed

The resuits of data snalysis :arrgberm the results of Muller(1978) snd
Peterson(1979), by exhibiting that peopie can obtain greaningful levels of information
from choropieth maps at s broader rangs of generaslization than previously anticipsted.
The general findings and cbservations of the thesis indicste that many complex factors
which will influence the finasl mapped product must be considered in selection of a
quantization level. It has been hypothesized that a unique ::ptirrtm qmtlz.man iovel will
exist for ail data sets. _

-m tho final conclusion in s thesis concernihg the quentizstion mly n

for tho construction af eharopga maps st any quantization level, using any m-hmén
uchntq.n nmhmmwﬁp‘rﬁenefﬁm hpctmnFmL

o



and patterns of original and generalized dmrmnﬁ;f the data are understood to the
fullest possible level, then the right choices in choropleth map construction will be made

for that parti r situgtion

G. Cartographic Communication in Choropleth Mapping

The current emphasis on cartographic communication in thematic cartography, and
the accepted definition of cartographic commun ful
information via the, map formed the framework for this research, based on the

ion ss the tranemission of masnin

assumption that this framework was applicable to the prgblqm and purposes of
choropleth mapping. The findings of this study have reinforced the original belief that an
The findings of data analysis have provided svidence that mesningful information
is transmitted via the choropleth map with a high number of classes. The factors of
accuracy and complexity were graphed in pstterns which exhibited the reverse of
patterns in response aCCuUracy and consistency, indicating a correlation between accuracy
and cartographic communication. In this case, the patterns of quantization level and |

accurscy did not follow similar patterns, as seen in a comparison of Figures 5 and 14.

For this data set. as generslization level changed gradually from three classes to twenty,
the accuracy level and complexity level jumped sharply As the generalization level

mped sharply to the unquantized map. accuracy levelled aﬁ The patterns of cm;uity :

.varistion were even more interesting Complexity was measured according to contrast

leveis over the test maps. The highest level of contrast at the seven class level suggested
the existence of a threshold generalization level, at which dsts were classified to the

~ extent that the smoothness and erns of original distribution were lost, without the

benefit of obvious distinctions found on a more generslized map. The lack of unity
between patterns of accuracy, complexity, and generalization ieveis exhibits the
necessity of careful definition and stidy of the factors affecting cartographic

but hdiﬁh of these relstionships will likely change with each data set mapped
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undertaken as a preiiminary phase of choropieth map design However, the general
findings of this study show the potential for detailed understanding of the patterns in
data and generaslizations as well as the s:h-*i:t-rmbc‘:: of choropleth maps affecting
cartographic communication, before the final generalization is selected Thus. it is

- conchuded thet a direct concern with the viewer's ability to extract meaningful
information from the choropleth map can be dealt with most successfully in an indirect

way. through the acceptance of the suggested guideiines of choropleth map design,
which focus upon those features of the choropleth map which may affect cartographic

" M. Conalusions Resched About Cartographic Communication Theory
it was originslly proposed that the findings of this research mgwt provide insight
into the development of cartographic theory in thematic cartography. The research has
 definitely ﬁawnﬂmﬁmﬁpt-demuﬁWﬁﬁaﬁwapbﬁinmbnvﬁtynh
current framework of techn ICal change and cartographic cc ication m i
cartography. leading to the conciusion that cattography cannot develop progressively
based on the acceptance of cartographic conventions as theory. The Opposite extreme
of utilizing all the new potential for map design and production, without setting 8
framework, might aiso impede a general level of progress within the discipline.
Th:prﬁm:nuudhﬁsmtnamlg;ﬁmﬁafhﬁiwp@ﬁimm
production and research tecifhiques. The resuits of analysis are an example of the
complex array of inter-relsted festures which must be considered in map design The
expanding proliferation of :mm:m in thematic cartography makes the
development of & mwmmv ditficuit it appesrs that an acceptance of the
Hﬁﬁ“ﬁfmﬁﬁﬂémmﬁmmlwtﬁﬂafhﬂm 7
factors In cttaﬁ'mhy affecting cartographic communication must luffn:- as the current -
framework for the development of thematic cartography. In ail aress of thematic
cartography, the cartographer should. not hesitate to bresk from cartographic convention
in an sttempt to utilize the potentisl 6f new techniques of production and snalysis. it is
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concluded thet deveiopments snd research in thematic cartography can move in a
progressive fashion, both practically and theoretically. acceptance of the necessity to )

nication and rapid changes in thematic cartography may result in an evolutionary
development of cartographic theory. |
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Appendix B
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A. Documentation for CROSS -
1. Language: Pascal L o |
2. Purpose: to calculate the number of deviations from
median réspense by enumeration uﬁit and respondent in
one, two, ‘and three dimensions from a response matrix
containing a response value of 1,2, or 3 for each unit.
(note: for th}sithesis. only the deviations in one
dimension by unit were use? in the final analysis)
3. Restrictions: "
a. maximum number of units is éDD
b. maximum number of respondentg is 30
c. response values must be 1, 2, or 3.
4. Input Requirements: | .
a. Input file made up of 183 numbBSered units down
vertical axis, by 30 FespandéﬁEs and one or two
comparison maps(eg. median map) across-horizontal
a#is_ Matrix values match réspansé of 1, 2, or 3
with each unit.(saﬁpie listing in Appendix D)
'b. Unit numbers in first three columns of f‘ﬂ’e. _
followed by response values separated by'ane space.

: e
a. Initial command; $RUN CROSS PAR=(leave a blank)
SAMPLE=input file

5. Running the Program:

. b. Prompts; } -
1) first prompt gives the choice of calculating
deviations from the first comparison map(in this
case, median map) or the second a@mﬁgriseq

x




P
pa

mapioptimum or other 3'51355 generalization).
for first choice, type iﬁ 1, for second choice,
type in 2. '

2) second prompt gives the choice of output sorted
4according to unit number, or unit density value.
for first choice, type in 1; for second choice,

type in O(zero).~ |
Results:
a. results listed in specified output form
bt placed in temporary file -DIFFER
c. péogram prompts user to truncate and rename
temporary file if it is to be saved
d. sample listing in Appendix D -
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B. Documentation for OAI - &
1. Language: Fortran . 1‘.
2. Purpose: ‘

a. to calculate the overview accuracy index for

3.

4.

choropleth maps with up to 200 classes, based on‘ °
class limit values of each class, as set out-on a
standard listing of the original units, unit values,

and unit densities from which the generalization was

constructed.

Restrictions:

b.

limit of 200 classes

Vimit of 200 original units, densities, and areas

Input Requirements:

)

an array of original u&it numbers, density values,
and unit areas; typed in this order; program will
prompt for the Fortran format of this file |
class limit values, beginning with uppéf limit of
lowest class and ending with lower limit of highest

class; values separated by commas(free format)

5. Running the Program:

Initial command; SRUN OAI 1=unit,density,area file
2zclass limits file 3=output file

Prompts; .

1) - input number of units and number of classes:

respond with the two values, respectively,

separated by commas

'2)  input format for units, densities, and areas



'd
file; respond with.Fortran format

Results:
a. lists the following statistics in output file
attached to unit 3%
1) eoverall deviations
2) ﬁumber of elements in each class and deviation
for each class
3) overview accuracy index for the map specified on

unit 2
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C. ‘Documentation for APL function NEWTRI ,
1. Language: APL ' - é'gﬁ 2
2. Purpose:
;¢f§i to establish adjacency,friads(three units on a map,
each of which is adjacent to the other two) of units
on a map, using a logical matrix of 183x183 with a
value @fii indicating adja;ent pairs of units, and a
value of 0 indicatiagincnaadjaceﬁt pairs of units
3. Restrictions: ]
a. number of ghiads limited taliéds to alter, change
value in line 3
b. size of matrix . is limited to a maximum of 183;183;
to a]te?. change values in lines 6, 11, 21 ,
4. Input Requirementsi:
a: logical matrix of 183x183 stored in APL
variable(ADJY)
b. a counter for triads, also an APL variable(TRIADS)
c. a storage space for triad listing, an APL
variable(TRI)
5. Running Function: type in fﬁncti@n ﬁ;me; NEWTRI

Results:

o

a. number of-triads fs automatically printed
b. 1ist of triads fs located in varisble TRI.



NEWVTRI
PAIR+0
TRIADS+0
TRI+(14%,3)p0
A+0

SET:A«A+1

~(A>183)/QUIT
I+1
J+1

LOOP:J«J+1
NEW:+((ADJ[A431]1)=0)/RESET

+(J=184)/RESET

"+ ((ADJL[A3;I))x(ADJ[A:;J]))=0)/LOOP

+(ADJ[I;J)=0)/LOOP

PAIR«ADJ[A:I3xADJ([A;J]
AIR«PAIRx(I>4A)
IADS+TRIADS+PAIR

»(Pnzn 0)/LOOP

’
TRILTRIADS:;)«UNITS[AY UNITS[T], U!ITS[J]

+LO0OP J

RESET:I«I+1

+(I=183)/SET
JeI+1l
+NEW

QUIT:*'NUMBER OF TRIADS'

University of Alberts

TRIADS
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D. Documentation for APL function CONTRAST ¢
1. Language: APL
2. Purpose:
a. to calculate the complexity/contrast index for a
| map, based on the formula listed in Chapter 4, and
using the triads calculated by function NEWTRI as
~input
3. Restrictions:
a. limited to a maximum of 144 triadsg to alter, chaﬁgg
value in lines 3 and 7
b. maximum contrast value set for these maps; to alter,
change value in line 18
4. Input Requirements: o .
a. variable containing list of triads(%;}3
b. Qériab]e égqtainiﬁg 1ist of unit density Qaiues.
liasated on line 9(in this case, named C7) ’
5. Running Function: type in function name: CONTRAST -
6. Results: !
| a. conplexity/contrast index for values specified in
. line 9 is automatically typed
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(o]}

(1)

[2]

[3]

Ta)

. [5]

- [6]

. (7]
[8)

(9]

[10]

[11]
[12]
(13)]
[14)
[15]
{16]
[17]
[18)
[19]
{20)

LOOP:

CONTRAST
INDEXI~O
ABS+3p0

YALS+~ (144 ,3)p0
L+0

M+0

N+D

SUMS+~144p0

A+1
YALS+C1(TRI]
L+V4LS5[A4:1]
M<VALS[A:2]
N+VALS[A:3]
ABS«~|(L-M),|(M-N),|(N-L)
SUMS[A)++/ABS

A+A+1
+(A>188)/CONPUTE
+L0OOP

COMPUTE : INDEX« (+/SUMS) 473440
"COMPLEXITY CONTRAST INDEX'

INDEX
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Table V.1 Complexity/Contrast index for Optimum Maps
# Classes '

| e — -
ERF o

75
100

Complexity/Contrast index
.247

290
313
294
302
298
303
~ 303
-303
303



e

Dvgﬁniuxéeautcylndix
8822
9777
0888
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Table V.3 Overview Accuracy Index for ali Re

SD.

7 cl
851
512
.689
.084
267
525
198
.805
.000
.698
873
.850
751
.756
.756
.210
557
453
.286
494
.749
591
000

.235
.297

422
126
712

.078

247
454

.250

- e S -
10 cl 20 ¢l 50 ¢l 100 el 183 ¢l
357 230 511 577 292
516 503 498 849 283
442 850 . 645 454 187
309 563 440 436 - 153
510 097 376 654 .398
453 796 529 503 425
149 414 689 630 419
122 534 592 718 414
247 299 283 443 583
385 162 095 423 558
234 686 .000 444 136
278 000 484 330 152
641 196 265 694 476
593 000 579 '480 528
403 148 411 425 552
745 400 469 728 520
546 311 484 .000 344
000 186 325 699 ®/O1
669 348 334 684 0 792
582 000 400 637 26€
468 /023 538 230 53
662 438 635 169 786
096 237 411 219 836
282 561 582 669 19%
471 338 671 257 409
471 478 297 303 561
548 000 420 = 296 776
303 525 538 422 423
1000 440 674 325 470
716 709 590 466 807
a é' 342 458 4 485 435
189 228 165 187 195
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Tabid@verview Accuracy index for Median Responses

# Classes Overview Accuracy index
7 : .7832 x
10 7392
20 7298
50 : - .72102
100 .7082
. 183 8765
-



Table V.5 Number of Misranked Units in Response Maps
# Classes High Medrum '
7 8 16

10 12 27

20 - 7 21

50 14 21

100 12. . 32

183 13 T 26

NN = NOO
® ON



Table V.6 Deviations from Median Response
Mean

# Classes

5.60
6.54
6.60
54%
6.80

.. 7.10

Standard Deviation

4.84
5.39
554
529
559
494
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