
STATISTICAL ACCURACY AND MAP ENHANCEMENT 
IN CHOROPLETHIC MAPPING

Jean-Claude Muller 
University of Georgia

INTRODUCTION

Many cartographers have been concerned with the difficult problem of concili 
ating map accuracy and legibility in portraying spatial distributions. Geographic 
distributions are seldom simple enough to be readily perceived and understood. For 
the sake of cartographic communication, a certain amount of generalization is usually 
required. The original complicated distribution is converted into a simpler form. 
The new cartographic image, however, contains less information than the original data 
set; and there is no guarantee that the information lost is irrelevant. This last 
observation has led Waldo Tobler to challenge the idea of class generalization in 
choroplethic mapping. I/ Class generalization is accomplished by partitioning the 
range of the data set values into intervals, and by representing all map points with 
values in a given interval by a same gray tone. This type of choropleth generaliza 
tion was traditionally motivated by 1) the difficulty of finding shaded screens whose 
visual intensity was exactly proportional to the original data intensity, and 2) the 
reader's inability to distinguish and visually separate more than a limited number of 
different shades. 2/ The first obstacle can now be technically overcome by program 
ming an automatic line plotter to create a continuum of gray tones with virtually any 
light intensity. ^/ The gray tone values simulate the statistical values of the enu 
meration units. Thus, choropleth maps can be used to portray accurately every value 
of a given spatial distribution. Tobler's solution, however, has been strongly cri 
ticised on the ground of map legibility, h/ It was argued that the resulting in 
crease of information displayed by choropleth maps without class intervals may oblit 
erate the reader's ability to perceive the map distribution. Aside from the complex 
ity problem, the poor enhancement of unquantized choropleth patterns presents a ma 
jor drawback. The purpose of this paper was to investigate the effect of quantiza 
tion on one particular aspect of map enhancement   map contrast. Contrast in black 
ness was computed within and between a series of quantized and unquantized choropleth 
patterns. Finally, the contradictory relationship between statistical accuracy and 
pattern enhancement was discussed and solutions conciliating both variables were de 
scribed.

DEFINITION OF CONTRAST

Choropleth maps usually show subsets of regions that appear light or dark. The 
lightness or darkness of each region can be described by a picture function Z(x,y) 
propertional to the light intensity impinging the map at the points (x,y) of the re 
gion. Contrast within a choropleth map was measured by the variation of darkness
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between adjacent regions, whereas contrast between different maps was measured by the 
variation of the overall darkness of the map bodies.

CONTRAST WITHIN MAP

The outline of choropleth regions are the common boundary of enumeration units whose 
Z values are different. Thus the contrast between adjacent regions can be found by 
measuring the absolute difference of darkness between the corresponding enumeration 
units:

C12 = |Z( X1 , y-,) - Z(x2 , y2)| (1)

where (x-|, y-j) and (x^, y2 ) a**e map points on two adjacent regions. The overall con 
trast within maps was computed by the formula:

n n
C = Z Z c.. (2)v . ± U

where n = number of enumeration units.

 ij = l^i - Z,-|, absolute difference of Z values between units i and j if units 
i and j are adjacent, and GJJ = 0 when otherwise. In this study, the above formula 
was standardized by defining the measure of contrast as a ratio between the observed 
contrast within a map and the maximum contrast if the absolute difference |Z^ - Zj| 
was maximum for every i and j.

CONTRAST BETWEEN MAPS

In a multimap comparison situation, some maps may appear visually darker than 
others. In this study, contrast between two maps, say k and 1, was defined as a 
function of the absolute difference of blackness between the corresponding map bodies:

Cb = Bk -B1 | (3)

where blackness of map k (B^) is the average percentage of the paper in the map body 
that is covered with ink. Map blackness was computed as follows:

n n
B = E s.b./E s. (*011.1 i i

where n = number of enumeration units; si = area of unit i; and bj_ = blackness of 
unit i (in percentage).

THE EXPERIMENT

Seventeen geographic variables depicting various aspects of the geography of 
France were mapped on an automatic line plotter using Tobler's Calcomp Choropleth 
Mapping Program. £/ Area, number of enumeration units (22), scale, and symbolization 
were held constant.

Symbolization in itself is a complex problem. Shaded patterns can vary in color, 
style, texture, orientation and value. In this study, shaded patterns were held con 
stant except for value. The assignment of value intensity to the choropleth classes
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was purposely conventional. The lowest and highest classes were represented by 
solid white and black color, respectively. The other classes were symbolized by 
shaded patterns whose visual intensity was exactly proportional to the class ranks. 
Although this type of symbolization does not appear statistically very sound, it is 
the most traditionally used. 6/ The purpose of this experiment was precisely to 
study the effect of quantization on pattern contrast in the context of conventional 
choropleth mapping.

Each geographic variable was represented by a series of quantized and unquan- 
tized choropleth maps. The number of classes on the quantized maps varied from two 
to ten. The class interval system for quantizing the data was derived from Jenks 
and Caspall. "J/ Several maps with and without class generalization were shown in 
Figures 1 and 2. Considerable variations of contrast within or between the maps 
could be observed depending on the geographical variables represented and the level 
of generalization. Study was made of these variations to show the relationship be 
tween map contrast and choropleth generalization. Map contrast was related to the 
broader concept of map enhancement, and solutions were proposed trading off statis 
tical accuracy and map simplification.

CHOROFLETH GENERALIZATION AMD CONTRAST WITHIN MAPS

Contrast within map (formula 2) was measured on every quantized and unquantized 
map. The mean contrast was then computed for each set of seventeen maps (Table I). 
Results showed the following:

1. Quantized maps were usually more contrasted than unquantized ones. 
Visual examination of the choropleth patterns confirmed this re- 
sult(Figures 1 and 2). The grouping of the data into classes em 
phasized the regions containing abrupt dark-light transitions, and 
de-emphasized regions of close homogeneous density. This combined 
smoothing and sharpening process had important implications. Sharp 
contrast at the edges of choropleth regions produced a figure- 
ground effect. This was especially true for the maps with few clas 
ses. Distributional characteristics that were concealed in the orig 
inal data set, such as tight regions or contrasted areas were emerg 
ing by compression of the interval scaled data into ordinal scaled 
map values.

2. Contrast increased slowly as the number of classes decreased. The 
slow increase may be explained by the counter effect smoothing has 
on contrast. This fact was illustrated by the two-class maps, which 
in some instances were much less contrasted than the three- or four- 
class ones (map number 16). In this case, the smoothing effect of 
pattern simplification and regionalization was more important than 
the sharpening of the remaining region edges.

CHOROPLETH GENERALIZATION AND CONTRAST BETWEEN MAPS

Contrast between maps was defined as a function of the difference of blackness 
(formula 3 and k). Within a given map set, contrast can be measured by computing 
the deviation of blackness of each individual with respect to the mean blackness of
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TABLE I. CONTRAST WITHIN MAPS FOR THE QUANTIZED 
AND UNQUANTIZED CHOROPLETH PATTERNS

Number of 
Classes:

Map Number 
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17 
Mean 

Contrast

2

0.34

0.25

0.21

0.33

0.25

0.47

0.49

0.28

0.25

0.39

0.19

0.33

0.11

0.22

0.31

0.02

0.38 

0.28

3

0.25

0.35

0.30

0.34

0.25

0.45

0.42

0.34

0.15

0.37

0.33

0.25

0.23

0.40

0.33

0.07

0.22 

0.30

4

0.26

0.37

0.23

0.35

0.24

0.38

0.34

0.32

0.16

0.30

0.23

0.26

0.27

0.37

0.27

0.19

0.23 

0.31

Quantized 
5 6

0.31

0.37

0.23

0.29

0.23

0.28

0.27

0.27

0.22

0.31

0.26

0.21

0.27

0.29

0.30

0.24

0.17 

0.29

0.28

0.36

0.18

0.25

0.25

0.25

0.30

0.25

0.18

0.32

0.26

0.26

0.28

0.32

0.27

0.27

0.23 

0.27

Maps 
7

0.27

0.32

0.17

0.26

0.22

0.27

0.25

0.26

0.23

0.34

0.26

0.24

0.24

0.31

0.25

0.23

0.24 

0.26

8

0.24

0.32

0.22

0.25

0.23

0.30

0.27

0.27

0.23

0.33

0.23

0.25

0.25

0.28

0.26

0.24

0.22 

0.26

9

0.27

0.33

0.20

0.27

0.21

0.29

0.29

0.24

0.21

0.31

0.26

0.26

0.22

0.26

0.29

0.26

0.23 

0.25

Unquantized Maps 

10

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0. 

0.

28

23

20

28

20

27

33

25

23

28

25

24

22

30

25

24

23 

25

0.29

0.36

0.08

0.14

0.29

0.15

0.13

0.19

0.10

0.08

0.18

0.17

0.05

0.06

0.15

0.14

0.08 

0.15

the set. Blackness, mean blackness, and standard deviation of blackness were com 
puted for the maps with and without quantization (Table II). Results were as 
follows:

1. Quantized maps were often lighter than unquantized ones. In other 
words, the overall data intensity tended to be underestimated in the 
generalized maps.

2. Difference of blackness between quantized maps decreased as the num 
ber of classes increased. Except for the two-class maps, these dif 
ferences did not appear as sharp as those existing between the un 
quantized maps. Thus, the effect of quantization on contrast between 
the maps was mixed. First, the grouping of the data into numerous



classes tended to smooth out the blackness differences between the 
maps. Second, these differences were recovered as the number of 
classes decreased.

3. Contrast was not always consistent. For instance, in the set of two- 
class maps, map number 9 was darker than number 3; whereas this situ 
ation was reversed in the set of three-class maps.

TABLE II. BLACKNESS, MEAN BLACKNESS AND STANDARD DEVIATION OF BLACKNESS 
FOR THE QUANTIZED AND UNQUANTIZED CHOROPLETH PATTERNS

Number of 
Classes: 2 3 4

Quantized Maps 

567 8 9 10

Unquantized Maps

Blackness (%) of Map 
Number

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

Mean 
Blackness

0.59

0.79

0.38

0.24

0.42

0.61

0.61

0.36

0.68

0.28

0.25

0.41

0.89

0.82

0.66

0.02

0.33

0.49

0.72

0.53

0.57

0.51

0.28

0.50

0.49

0.35

0.27

0.40

0.52

0.26

0.74

0.63

0.64

0.09

0.58

0.48

0.53

0.53

0.68

0.50

0.28

0.36

0.61

0.45

0.26

0.55

0.38

0.47

0.56

0.66

0.71

0.22

0.47

0.48

0.52

0.61

0.74

0.59

0.39

0.52

0.69

0.37

0.31

0.45

0.47

0.36

0.45

0.73

0.63

0.32

0.34

0.50

0.56

0.53

0.60

0.48

0.42

0.57

0.71

0.33

0.44

0.46

0.53

0.44

0.51

0.68

0.53

0.32

0.36

0.50

0.48

0.59

0.52

0.54

0.50

0.51

0.59

0.33

0.41

0.43

0.52

0.51

0.59

0.69

0.59

0.42

0.40

0.51

0.54

0.58

0.58

0.48

0.47

0.51

0.57

0.41

0.38

0.48

0.58

0.47

0.60

0.72

0.61

0.49

0.36

0.52

0.53

0.59

0.55

0.48

0.42

0.47

0.59

0.36

0.44

0.52

0.59

0.46

0.53

0.65

0.59

0.51

0.35

0.51

0.53

0.59

0.52

0.45

0.47

0.50

0.60

0.47

0.50

0.56

0.59

0.51

0.49

0.62

0.64

0.46

0.38

0.52

0.

0.

0.

0.

0.

0.

0.

0.

0.

70

50

86

71

60

70

82

27

41

0.91

0.

0.

0.

0.

0.

0.

0.

0.

68

63

93

94

75

32

69

67

Standard 
Deviation of 
Blackness 0.24 0.18 0.15 0.15 0.11 0.09 0.01 0.08 0.07 0.20



Inconsistency in darkness can be explained by the distribution of the data sets. 

Quantization of distributions statistically close to uniformity usually provides a 

misleading image of the data intensity. This is especially true in the case of a 

distribution of large values and small range. In the mapping process, the relative

differences between individual

Density observations are exaggerated and

the map does not appear as dark 

as it should be. Map number 3 

provided an example of this case 

(Figure 3)» Another source of 

darkness inconsistency is the 

presence of an erratic value 

isolated from the core of a dis 

tribution otherwise uniform. Map 

number 9 illustrated this situa 

tion (Figure U).

40

20

Class Three 

Class Two 

Class One

Enumeration Units

figure. 3. Data Set ofi Map Number 3. In a thre.e.-cZa6J> partition, 
^i.^te.en enumeration uniti, were, represented -in white. 01 mejUum quay 
(c£aw one and two). Thit> representation did not simulate. ac.curate.- 
ty the. overall data intensity. UhereM the. visual intently o^ the. 
shaded pattern* /tanged ^rom white. (08) to black ( 100%}, the. cjorre.- 
ipond^ng data intensity .tanged ^rom 63l (&maU.est value o£ the. data 
tut) to 100% [largest vatue. 0(J the. data 4et).

Density

4 •

Enumeration Units
«— —« — Two-Class Partition 

_._.—._._ Three-Class Partitions

F-tgu/ie 4. Vata Set o{. Map Number 9. Except I(OA. one uodue, mo&t o& 
the. ob&eA\iatijon& weAe. unifionmiy diA&iibuted. Sucn eMatic. value, 
had htfiong un&tabiAizing e.^e.ctA on the. apparent b£acfene*4 ot the. 
map. In the. tm>-cJtas>& map, &ixte.en enumeration units, belonged to 
the. higher. c£a44 and we/te ieptuente.d in btack. Only one. enumer 
ation unit nemained in the. higher C£OAA t>u>m the. -tto.ee-C&UA parti 
tion, which caa&ed the. thre.e.-c£M& map to appear much tighter.

CHOROPLETH GENERALIZATION AND 

STATISTICAL ACCURACY

It was observed that map 

contrast was strongly affected 

by quantization. Quantization 

created sharp contrast within 

the maps; and as the number of 

classes decreased the contrast 

in blackness between the maps 

was amplified. As the number 

of classes decreases, however, 

the maps became increasingly 

less accurate (Table III). 8/ 

This fact was demonstrated by 

the curvilinear relationship



TABLE III. OVERALL ACCURACY OF THE QUANTIZED MAPS

Number of
Classes: 23456789 10

Map Number
1 0.50 0.67 0.79 0.83 0.86 0.89 0.91 0.94 0.96

2 0.37 0.79 0.85 0.89 0.92 0.93 0.95 0.96 0.96

3 0.33 0.65 0.79 0.88 0.90 0.92 0.94 0.96 0.97

4 0.70 0.73 0.83 0.88 0.91 0.94 0.96 0.97 0.99

5 0.57 0.74 0.80 0.84 0.88 0.92 0.94 0.95 0.96

6 0.51 0.67 0.76 0.82 0.88 0.93 0.95 0.96 0.96

7 0.52 0.70 0.81 0.87 0.90 0.92 0.94 0.96 0.96

8 0.55 0.72 0.80 0.87 0.92 0.94 0.95 0.96 0.97

9 0.28 0.54 0.70 0.80 0.86 0.89 0.92 0.94 0.96

10 0.51 0.67 0.80 0.85 0.89 0.91 0.94 0.96 0.97

11 0.35 0.56 0.67 0.76 0.83 0.89 0.92 0.94 0.95

12 0.54 0.69 0.81 0.85 0.89 0.91 0.92 0.94 0.96

13 0.46 0.59 0.74 0.79 0.84 0.88 0.91 0.94 0.95

14 0.45 0.70 0.79 0.86 0.88 0.90 0.93 0.95 0.96

15 0.49 0.65 0.73 0.79 0.85 0.89 0.93 0.94 0.96

16 0.33 0.63 0.83 0.88 0.91 0.95 0.96 0.98 0.99

17 0.42 0.62 0.73 0.84 0.88 0.92 0.94 0.96 0.97

Mean 
Accuracy 0.46 0.66 0.78 0.84 0.88 0.91 0.93 0.95 0.96

Note: The overall accuracy varies between 0 and 1.



between the average accuracy of the seventeen maps and the number of classes (Figure 

5). The problem, of course, was to find the level of generalization which best con 

ciliated map enhancement and map accuracy. A few criteria for answering this diffi 

cult question may be suggested.

Since one purpose of quantization was to increase map contrast, it seems logi 

cal to select the generalized maps that most accurately replicate the contrast be 

tween the maps without 

class intervals. Cor 

relation between the

____       overall blackness of 

.,  """* maps with and without 

*^ quantization showed that 

/ the four-class maps most 

/ closely reproduce the

data intensity (Table IV)

Another criterion 

may be provided by the

Average 
Map Accuracy

i i 

1.00-

0.75-

0.50-

0.25-

10

5. Re£o£con4fu.p Between Average StatiAtLcat Accataci/ and 
0$ Cdawea o£ the. Ma.pt,.

TABLE IV. CORRELATION BETWEEN THE OVERALL DARKNESS 
OF THE QUANTIZED AND, UNQUANTIZED MAPS

Number of Classes of the 
Quantized Maps

Correlation (r) with 
the Unquantized Maps

2
3
4
5
6
7
8
9

10

0.34
0.67
0.69
0.57
0.68
0.63
0.58
0.51
0.37

Number of Classes overa11 accuracy of the 

maps. One acceptable so 

lution would be to exam 

ine the relationship be 

tween accuracy and gen 

eralization and choose 

the number of classes 

which appears to be at 

a suitable elbow of the 

resulting curve. For 

instance, five classes 

seemed to be the most ac 

ceptable solution for map 

number 3 (Figure 6).

Finally, in the case 

of multimap comparison, 

one may be more particu 

larly interested in the

3*5



Map Accuracy

1.00

0.75.

0.50-

0,25.

representation of statistical relationship between geographic variables. The repre 

sentation is accurate if the statistical correlation between the maps duplicates the 

statistical correlation between the variables. This is seldom the case. By compres 

sing the data into classes, some information is lost that usually distorts the rela 

tionships between the data sets. The fact that map correlation takes different va 

lues on the same mappable 

set of data would be rel 

atively unimportant, how 

ever, if all the correla 

tion coefficients were 

jointly monotonic. In 

other words, if all cor 

relation values for pairs 

of maps on one number of 

classes were ordered so 

that they form a monoton 

ic series, the correla 

tion values taken by the 

corresponding pairs of 

data sets would also be 

monotonic. Correlation 

values were computed be 

tween all pairs of vari 

ables and all pairs of 

maps. They showed to be 

not jointly monotonic, 

although the relationship 

between the series became 

increasingly monotonic as 

the number of classes in 

creased (Table V).

Two minor elbows were 

found j.n the improved re 

lationships of the series, 

located at four and ten 

classes which represented 

the best mapping solu- 

tions in this case*

10 Number of Classes

Figure. 6. Re&Ltionikip BeGveew Stat£t,ticji£ Accu/uic^ and Humbeji o<( 
C£owe4 otf Mop 3. The. optimum mapping pollution -ci indicated, by the. 
e£6ow 0(5 the. *ju>u£ting cu/we which oppeo/ia at the. iive.-claA& matfe.

TABLE V. CORRELATION (r) BETWEEN DATA SET RELATIONSHIPS 
AND MAP RELATIONSHIPS

Number of Classes of the
Quantized Maps

2
3
4
5
6
7
8
9

10

Correlation (r)

0.75
0.77
0.81
0.82
0.82
0.83
0.84
0.84
0.93

Note Data-set and map relationships were measured by 
areally weighted Pearsonian coefficient and areally 
weighted rank correlation respectively.



CONCLUSION

ShOWn S me imP rtant aspects of choropleth generalization.

6CtS  ? TtraSt WitMn mP ̂  6dge enhancement between r 

exPerimen^ have already shown that map readers concentrate 

n  n their attention on the borders between more or less homogeneous
 regions! 9/ 

Under these circumstances, data classification becomes a necessity
 and a kfy elemtnt 

" 0Pleth maPping - Jt leads to the characterization ™recognized  * whose
Quantization presents serious statistical drawbacks, however. Map accuracy de 

creases rapidly as the number of classes decreases. Depending on the distribution 

o  the data, the partition process may lead to a wrong representat
ion of the data in 

tensity. In this experiment, contrast between the generalized maps was not always 

consistent Finally the statistical relationship between generalized choroplet
h maps 

seldom replicates the statistical relationship of the data sets.

Although a general choroplethic mapping solution, conciliating the
 contradictory 

trend of map accuracy and map enhancement does not seem feasible, 
individual answers 

and bltSZ 2 atl n/r  blem+ ?a» be found. In this essay, analysis of contrast within 

and between maps and statistical accuracy suggested that the four 
or five class maps 

may represent the optimum mapping solution.
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