
A PERCEPTUAL APPROACH TO MAP DESIGN 

Henry W. Castner 

This paper reviews the perceptual characteristics of the four types of cartographic symbols in order to 
develop a practical approach to map design. For this, the distinction is made between activities and 
tasks in map use. The former relates to the information requirements for a map; the latter speaks to the 
ways that information should be processed visually by the map user. Making use of the two different but 
integral components of visual processing, map designers can enclode information in symbology 
appropriate to matching the importance of the information placed on the map and the anticipated map 
use tasks. A matrix serves as an organizing tool for making these design decisions. 

Introduction 
It has been said that there is nothing more practical than a 
good theory ! This paper reflects on some first principles 
of visual perception, which came out of the theoretical 
research into cartographic communication, in order to de
velop some practical approaches to map design. 

In map design, we all recognize the need to determine 
what information users will need for the activities they wish 
to perform upon or with the map. Figure 1 shows two quite 
different map designs: a) is for general reference purposes, 
for many different map users engaged in many different 
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activities; b) is for a few specific people to get to one 
particular event in an area which is probably familiar to 
them. 

In between, we can envision a host of other designs in 
which we must consider: What is the map's purpose? Who 
are the intended users? What information should be kept? 
What information should be left out? What liberties can we 
take with the generalization, classification and symboliza
tion of the included information? 

D 

b) 

Figure 1. Two campus maps with very different goals, 
audiences, and thus designs. 



;) 

For these possibilities, it will be helpful to know how 
users should visually process the image. What visual tasks 
will be involved? We assume that the designer already 
knows the area to be mapped, the intended activities for the 
map, and the constraints of money, format, landmarks, etc. 
But will the users be counting symbols, comparing densities 
or making estimates of distance, area, or numerousness? 
Will they be looking for a unique symbol or a particular set 
of relationships? Or what? Trying to determine these vis
ual tasks may be the forgotten step in map design. 
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Figure 2. Cross section of the retina showing the rela
tive distribution of rods and cones. After Schiffman 
(1976,164). 

A perceptual approach to map design starts with an 
examination of the distribution of receptors in the retina, 
Figure 2. There we fmd a near reciprocal distribution of 
cones and rods. The some six million cones are clustered 
around the area we call the fovea. Because they have 
individual linkages to the cortex, they provide us with this 
area of highest acuity. Foveal viewing is also associated 
with our conscious attention. 

The some 120 million rods are distributed more evenly 
over the rest of the retina. Because they tend to be con
nected in groups, they better serve in the detection of 
motion or change and of edges, in the perception of textural 
gradients, and in night vision. They are involved in periph
eral vision. As a result, in visual perception, we can talk 
about (1): 

Discrimination: a process of peripheral vision where 
we monitor our environment and our position within it. It 
is also a filtering process in which potential targets are 
sorted, without scrutiny, in order to determine which should 
receive conscious attention in the solution of some problem. 

Identification: the conscious attention to fme detail, or 
to a target isolated in peripheral vision, to determine its 
nature and meaning. 

We can illustrate these two processes by examining 
Figure 3. Bela Julesz (1975,34-5) uses two sets of figures 
to distinguish what he calls "pure" and "cognitive" percep
tion. In each set of figures, one is made up of a single line; 
the other of two lines. In the case of the lower pair, the 

2 

difference is obvious; we distinguish them immediately 
without any conscious attention. This is an example of pure 
perception. In the upper pair, however, it is impossible to 
make this distinction without following a line into the center 
of the figures to see if it ends or turns upon itself. This 
determination is an example of cognitive perception for we 
must apply our conscious attention to solving this problem. 

•• 
Figure 3. Two sets of figures, one of which is composed 
of a single line turning upon itself; the other is composed 
of two interwoven lines. 
In the bottom pair, this distinction is obvious. In the 
upper pair, one can only make this distinction by the 
application of conscious attention. See Julesz (1975, 
34-5). 

More relevant examples can be found in eye movement 
recordings of experimental subjects being asked different 
questions about the painting in the top left-hand corner of 
Figure 4. As the questions change, the patterns of viewing 
change. While this image is a painting, there is evidence 
(2) that the same changes in viewing occur in task-specific 
viewing of maps. Collectively, these records suggest that 
for every question we might ask of a map, there may be a 
different and optimum design which supports these viewing 
tasks. 

In a study of nautical charts (Castner and McGrath, 
1984), thirteen general chart activities and the visual tasks 
that support them were hypothesized. Figure 5 lists three of 
them. Each activity is reducible to a design problem. Our 
analysis led to a number of specific suggestions for chart 
design. Most of them related to reducing the amount of 
visual clutter in order to remove distractions so that more 
information could be discriminated in peripheral vision thus 
saving the application of conscious attention to more im
portant tasks. 

In the context of nautical charts, however, the kinds of 
design changes we suggested might not be possible to 
implement as charts are produced for a very special audi
ence whose members have many specific expectations 
about the look of such maps. Thus any radical design 
changes might create problems of safety in operating ves
sels. But for most other designs, and especially the thematic 
and special purpose maps that a large number of map 
designers are involved, there are no such dire limitations. 
As a result, the analysis of visual tasks provides useful 
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insights into how the map may best function and thus how 
it might best be designed. In short, knowing how a symbol 
should be processed visually will suggest how it should be 
designed. 

For example, do we need to scrutinize a symbol or have 
only to discriminate it in peripheral vision thus isolating it 
from other similar elements? To discriminate a lighted 
buoy (Activity #7 in Figure 5), the symbol need only to be 
distinctly different from those around it. On Canadian 
charts, this is done with a magenta apostrophe. To identify 
it precisely, however, the symbol must carry information on 
the color and flashing sequence of its light. But this latter 
information can be coded in very small letters and numbers 
for they are not needed to first discriminate the symbol. 
This suggests that in its most basic form, symbol design may 
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Figure 4. Eye movement re
cordings of subjects viewing 
Repin's The Unexpected 
VISitor under the following 
conditions or questions: 

1. Free examination. 

2. Estimate the material cir
cumstances of the family. 

3. Give the ages of the peo
ple shown. 

4. What was the family do
ing when he arrived? 

5. Remember the clothes 
worn by the people. 

6. Remember the position of 
the people and objects in the 
room. 

7. Estimate how long the 
visitor has been away. 

Figure reproduced courtesy of 
the Plenum Publishing Corp. 

be a matter of making sure symbols can first be discrimi
nated. For this we must include in their design some 
attribute that stands out in peripheral vision. In a sense this 
means deciding whether a symbol should be obtrusive or 
recessive, and then how to make it so. In this context, we 
realize that our basic symbol types are not processed in the 
same way. While viewing Figure 6, consider the following. 

Point Symbols: 

By their very nature, point symbols attract foveal atten
tion. They are attractive to the scanning eye. In order to 
make them more obtrusive, we can make them larger, 
bolder, or more complex. To make them recessive, we can 
make them smaller, lighter, or less complex. We also know 
that hue is better than shape as a sorting dimension in 
peripheral vision (3). In other words, symbols of a particu-
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FIXATED UPON 

6. Search for on-shore marks 

recorded on chart, e.g., 
radio antennae, flagstaff, 

stacks, water towers, 

prominent buildings, to 

assist in position flxing. 

Discriminate 

marks and 

features within 

land area and 

general area of 
ship's position. 

Identify precise 
mark or feature 

and position of 

vessel. 

7. Search for navigational 

aid, e.g., lighthouse, 
lighted buoy, unlighted 

buoy, to assist in 

position flxing and 
course setting. 

Discriminate 

aids within 
water area 

within general 
area of ship's 

position and 
destination area. 

Identify precise 

aid and vessel's 
position and 
destination. 

13. Familiarize one's self 
with (new) chart by 

locating: 

13.3 nature of soundings 
and chart scale. 

Discriminate 
large magenta 
letters in 
margin or 
discriminate 
chart title 
area· , 
discriminate 
bar scale(s). 

Read large word 
"metric" or fmd 
and read line 
stating soundings 
in meters; read 

words under scale 
bar, e.g., 
"tneters ... 

Figure 5. Three activities in chart use and the supporting visual tasks in peripheral vision and foveal inspection. 
From Castner and McGrath, 1984,687. 

lar hue are more efficiently discriminated from other hues 
than are symbols of one shape discriminated from among 
symbols of other shapes. 

Line Symbols: 
Inherently, line symbols are very attractive but scrutiny 

isn't necessary for their discrimination. The problem with 
lines is not in fmding them but in their visual interference 
with and great attractiveness relative to other map symbols. 
For them to be obtrusive, we can make them wider, darker, 
more irregular, interrupted. or unpredictable. To make them 
recessive, we can make them narrower, lighter, smoother, 
more continuous, or more predictable, all in an effort to 
reduce visual noise and their attractiveness. Quite subtle 
but effective line boundaries can be suggested by changes 
in the quality of adjacent area symbols. 

4 

Letter Symbols: 
Individual letters are like point symbols for which the 

same rules as above will apply. But chains of letters, i.e., 
names and labels, are more like line symbols and viewers 
can usually tell something about them without scrutiny. For 
example, the type of information symbolized (e.g., lakes, 
cities, etc.) and their importance can be built into the label 
by changing its type style and its size. For them to be 
obtrusive, we can make them larger, bolder, darker, or more 
complex as with open face or serifed styles. For them to be 
recessive, we can make them smaller, lighter, simpler or less 
complex. 

Area Symbols: 

Both the boundaries and the extent of area symbols are 
easily discriminated in peripheral vision and often their 
nature and identity as well. For them to be obtrusive, we 
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Lake 

can make them darker, coarser in spac
ing, and their component elements more 
complex. For them to be recessive, we 
can make them lighter, finer in spacing 
and with simpler component marks. 
Thus a pattern made up of small dots, 
closely spaced in a uniform arrange
ment is less obtrusive than one with 
large, irregular blotches in some random 
pattern. 

All this suggests a design strategy of 
encoding as much information as possi
ble in ways that allow their 
representative symbols to be discrimi
nated and identified in peripheral 
vision. In so doing, more time is freed 
up for conscious attention to specific 
visual tasks involved in solving prob
lems, learning geography, making new 
connections, or simply serendipitous 
discovery (4). 

There are two design practices 
which could help in this although, curi
ously, we don't make much use of 
them. The first is the practice of revers
ing symbols out of a tonal background, 
as in Figure 7. The degree to which such 
symbols are obtrusive or recessive can 
be modulated by changing the value of 
the background tint. 

A second possibility, which is but a 
variation of the first, is the use of what 
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Figure 7. A selection of point, 
line and letter symbols reversed 
out of a) 90%, b) 50% and 
c) 10% background screens. 
From McGregor (1988). 

Figure 6. A map of 
zones of influence (by 
county) using point, 
line, area and label 
symbols. 
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Figure 8. Two textured figures with embedded subareas: the one at left has a different secondary statistic from its 
surround; the one at right has the same secondary statistic. As a result, the embedded square at left is easier to 
discriminate and thus easier to use in symbolizing some secondary attribute of a distribution. From Julesz (1975, 
37) and with his permission. 

Julesz ( 1975) calls secondary statistics in area symbols. His 
illustration of this phenomenon, Figure 8, shows how subtle 
changes in interior elements can be discriminated. While 
these fields of complex elements are too coarse to be used 
as area symbols, our practice of reversing small point sym
bols out of uniform tints suggests that we already make use 
of secondary statistics in order to map subcategories within 
·some major information classification. For example, we 
might wish to distinguish areas of coniferous trees from 
broadleaf trees in areas of forest represented by a green tint. 
The reversed symbol is the secondary statistic! 

CONCLUSION 
Putting this all together suggests allocating information 

to our various symbol types so as not to overload any one 
way of discriminating and identifying the map's symbols. 
To do this, the further distinction should be 

2. 

3. 

4. 

background information (which supports access 
to the subject information) should be allocated to 
the bottom line. 

Care should be taken to make recessive any point 
and line symbols representing background infor
mation .. 

If more than one kind of point symbol is necessary 
to represent the subject information, they should 
be differentiated on the basis of hue. The same 
is probably true of lines if they are wide enough 
for the hues to be identified. 

Perceptually, speaking, the exceptional symbol type 
is for areas where using more of them may be 
perceptually better as long as we can manage the 
potential problems of simultaneous contrast (5). 

Type of Symbolization 

POINT LINE AREA LETTER 

made between two levels of importance: 
the subject information (which should be 
obtrusive) and the base or background in
formation (which should be recessive) 
respectively in the design. These decisions 
can be represented in a design decision 
matrix as in Figure 9. Several observations 
can be made about this diagram. 

SUBJECT INFORMATION 

1. Obviously the important, subject infor
mation, the reason the map is being 
made, should be allocated to the top 
line, and the less important base or 
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BASE INFORMATION 

Figure 9. A matrix of design decisions concerning the allocation of 
subject and base information classes to the four basic types of carto
graphic symbols. From Castner (1990,157). 
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5. An optimum of no more than four symbols at each 
of two levels of visual importance may be over 
stating the meaning of the diagram. But filling it 
in as one develops the design of a map may help 
(or perhaps force) the designer to identify the vis
ual tasks necessary for the design to work, or are 
anticipated for the alleged activities, and to make 
use of as many symbol types as practical. 
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Figure 10. The relationship between information flow 
and map complexity as it affects accuracy and user 
performance. After Jenks and Caspall (1971,243). 

Some formal research may also reveal what symbol 
combinations are better. But the diagram might best be used 
as a diagnostic tool to analyze existing maps to see what 
combinations are associated with maps that we deem "suc
cessful" given some prescribed design goals. Even such 
qualitative results will only be useful if map authors keep 
their designs within general perceptual limitations and try 
not to pack them with too much information. By this I refer 
to Figure 10 and its implicit warning that while increasing 
information content increases map accuracy, there is a per
ceptual limit in the amount of information that users can 
actually make use of or will be willing to respond to. 

NOTES 
( 1) For a thorough discussion of these terms and relation
ships see Castner, 1990, Chapter 3. · 

(2) The eye movement recordings of specific maps have 
been reported in a number of places. See, for example, 
Dobson (1979), Castner (1983), Castner and Eastman 
(1985), and Wood (1994). 

(3) One of the first experiments showing how different 
hues made for the most efficient sorting of point symbols 
was Williams (1971). 

(4) In a sense we do this anytime we work with one image 
and become familiar with it. By a process of verification 
we increasingly make use of peripheral vision to relocate 
ourselves within the structure of a viewed map after, for 
example, making reference to the landscape when way 
finding. 

(5) The nature of simultaneous contrast and induction is 
mentioned in most basic cartographic texts. Campbell 
( 1984, 189-90) does a better job than most is spelling out the 
implications and limitation for map design. 
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