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Using maps

Simple 
tasks

More complicated 
tasks

Finding a place

Selecting a route

Discovering a name of a geographical feature

Trying to memorize a route

Navigating a ship

Basic element in common: to obtain information. 

For some purposes the map is more effective than any other source.
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The text and the map contain the  
same information. But the map  
communicates it in a better way?

Text vs. map
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General belief:  
using a map is a simple process that requires only normal vision and 
average intelligence.

A sequence of processes when using a map: 

Task: find the location of a small river 
Processes: the user has to 
- find a suitable map (atlas, road map, topographical map, at home, on 
  internet, in a library, buy a map, etc.), 
- search for the river on a map (no alphabetical name index, depending  
  on the size/importance of the river & the user’s previous knowledge), 
- recognize the river on the map (the blue line symbol) and interpret it  
  correctly in order to 
- extend the knowledge about the river (a cognitive process, 2 ways:  
  learn about it directly in real life or indirectly, from a description on a map, 
  information about location, position, course, extent, relationship to other 
  features).

BUT...
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The user is looking at the map, searching for the blue line with a particular name.

What happens in the brain?

Detection
Detect a symbol

Discrimination
Discriminate a symbol from 
other symbols

Identification
What does the symbol mean?

Interpretation
Using the knowledge 
about a symbol in regard 
to the map-using task

Visual 
perception

physiological

Map interpretation

psychological

Find the location of a small river
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Refraction of light

Air 1,0008
Water 1,33
Glass (soda-lime) 1,51
Diamond 2,417
Ruby 1,76

Air

http://www.phy.ntnu.edu.tw/ntnujava/index.php?topic=16
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Focal length

A lens will not focus different colors in exactly the same place because the 
focal length depends on refraction and the index of refraction for blue light 
(short wavelengths) is larger than that of red light (long wavelengths). The 
amount of chromatic aberration depends on the dispersion of the glass.

Chromatic Aberration
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Human visual system

Lateral geniculate  
nucleus - LGN

Visual cortex

Brain – the  
processing 
system

Eyes – the  
receptor  
system

L2: Visual perception and map interpretation



9

AG2412 Visualisation techniques L2: Visual perception and map interpretation

Vitreous 
humor =1.34 Lens = 1.40 Aqueous

humor =1.33

Cornea = 1.38

Air = 1.00

Focal length(f) of eye (relaxed): 17mm
diopters (l/f) = 1000mm/17 = 59

Refraction, focal length and diopters of normal eye
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• Example:  
– Calculation of retinal image of an object

Image formation in the eye

L2: Visual perception and map interpretation



11

AG2412 Visualisation techniques

The eye
Retina: a pattern of light-sensitive 
cells – photoreceptors

Responds to small differences in 
intensity of the incoming radiation from 
different parts of visual field

Chemical change in photoreceptors

Ganglion cells, optic nerve 

The brain

Sensing the 
light patterns

High visual  
acuity

15o

Electrical discharges from photoreceptors – 
signals

Fovea (yellow spot),  
0.5 mm diameter

L2: Visual perception and map interpretation
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Visual acuity

In the fovea light falling 2µm apart can 
be separated, corresponding to an 
angle of 25 seconds of arc (1.5 mm 
at 10 m distance). This is equal to 
20/20 visual acuity.

One degree of a scene is projected 
across 288µm on the retina.
The central area of the retina - the fovea 
(or yellow spot) occupies around 2 
degrees of arc and is around 500µm in 
diameter.
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Human visual system

Eyes – the  
receptor  
system

Brain – the  
processing 
system

L2: Visual perception and map interpretation
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There is no one-on-one 
correspondence between 
retinal photoreceptors and cells 
in the optical nerve.

Retinal photoreceptors are of 
different types.

Retinal photoreceptors are 
unevenly distributed and 
interconnected.

The retinal image of the visual field is NOT a copy of the external 
stimulus! It is a selectively processed version of the reality.

Vision - a selective process for interpreting the 
environment

Nerve signals are further 
relayed and gated in LGN and 
the visual cortex.

L2: Visual perception and map interpretation
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The retina

Two types of photoreceptors

Rods Cones

Intensity Wavelength 
(colour)

120 millions 5 millions

1 million optic nerve  
fibres leading from  

ganglion cells

Cones: need high intensity to 
sense colours 

Rods: sensitive to low 
intensity of light

Colourless 
night vision Vision more sensitive when 

based on rods than on cones.  
But fovea (yellow spot) only 
contains cones (appr. 350000).

L2: Visual perception and map interpretation
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Density of rods and cones  
along the horizontal  
meridian of the eye.

Blind spot: optic nerve  
enters the eye, no 
photoreceptors

Fovea: only cones,  
tightly packed  
– maximal visual acuity

Periphery: only rods

Rods and cones
L2: Visual perception and map interpretation
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Blind spot test

L2: Visual perception and map interpretation
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The light

Light has to penetrate 

inner membrane 

ganglion cells 

amacrine cells 

bipolar cells 

horisontal cells 

before reaching the 
rods and cones. In the 
fovea the the 
membranes and cells 
are less hindering.

Retina structure

L2: Visual perception and map interpretation



A rhodopsin molecule (yellow) 
with bound retinal (orange), 
embedded in a cell membrane 
(lipids shown as green, head 
groups as red/blue).
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Functional parts of
rods and cones

Vitamin A

L2: Visual perception and map interpretation
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Three types of cells 
between the 
photoreceptors and 
the ganglion cells, 
all interconnected 
(between layers 
and within each 
layer).

Each ganglion receives signals from many photoreceptors, 
signals are already processed by the cells in-between the 
photoreceptors and ganglions.

Signal processing in the retina
L2: Visual perception and map interpretation
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Rods and cones, transmit nerve signal 
in a different way than all other nerve cells

Horisontal cells (not in fovea), inhibitory lateral 
signaling enhancing edge detection 

Bipolar cells, two types excitatory and inhibitory 

Amacrine cells, at least 30 types 
with various functions 

Ganglion cells, three types; W Cells (rod night vision),
X cells (color vision), and Z cells (change detection)  

Neural function of the retina
L2: Visual perception and map interpretation
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Signal to other cells -  
change in potential (a spike): 
- less negative – excited cell 
- more negative – inhibited cell

Signals from 
other cells

Negative charge 
in the interior 
(soma): resting 
potential

Nerve cell structure and function (e.g. ganglion cell)

Dendrite

Nucleus

Axon
Myelin sheath

Schwann cell

Node of 
Ranvier

Axon terminal

Soma

L2: Visual perception and map interpretation
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The neuronal message to the brain

the light intensity at each point on the retina

edges - areas of retina where light intensity changes

Why don’t we see the same brightness  
at the center of both the black and the  
white squares, with only the borders  
between them looking different? 

Knowing that there is a particular change  
of light intensity at a particular place and  
no change in light intensity until another  
particular place, the brain fills in the  
intensity between the two. 

L2: Visual perception and map interpretation
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Ganglion cell responses

Stimulation 
of a point on 
the retina

ON cell 
(excitatory)

OFF cell (lateral 
inhibition)

3 types of 
ganglion cell 
responses

ON/OFF cell

Interconnections between ganglion cells in the neural network and 
these three different responses cause the lateral inhibition phenomena. 

L2: Visual perception and map interpretation
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Lateral inhibition

Activity in one area of the receptive field will inhibit activation in nearby  
photoreceptors. This affects the contrast that we see between black and white.

Hermann grid:

L2: Visual perception and map interpretation
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More light on the inhibitory outer 
circle of the receptive field -> the 
inhibition in the centre is stronger -> 
we see a gray square.

receptive 
field

+
-

Less light on the 
Inhibitory outer 
circle -> no 
inhibition effect.

In the fovea, 
the receptive 
fields are  
smaller -> 
no inhibition 
effect.

Greater effect in peripheral vision. 

L2: Visual perception and map interpretation
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• The typical observer can discern one to two 
dozen different intensity changes 

– i.e. the number of different intensities a person can 
see at any one point in a monochrome image

Brightness adaption and discrimination
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• Overall intensity discrimination is broad due to 
different set of incremental changes to be 
detected at each new adaptation level. 

• Perceived brightness is not a simple function 
of intensity 
– Scalloped effect, Mach band pattern 
– Simultaneous contrast

Brightness adaption and discrimination



30

AG2412 Visualisation techniques L2: Visual perception and map interpretation

Simultaneous contrast
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Perceived brightness
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Effects of lateral inhibition: 
- changes in contrast

- edge enhancement illusion – Mach bands

L2: Visual perception and map interpretation
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Lateral inhibition and an example from thematic cartography

These two areas appear to have a different grey value, but it is in 
fact the same!

L2: Visual perception and map interpretation



34

AG2412 Visualisation techniques

Perceived brightness

L2: Visual perception and map interpretation
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Visual processing in the brain

Optic chiasma: information from 
one side of each eye is directed to 
the same side of visual cortex.

Retinal image reversed -> left  
cortex deals with information from 
the right side of the visual field.

L2: Visual perception and map interpretation
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Further processing of information 
by cells in Lateral Geniculate 
Nucleus (LGN): 
1. Relays information from the optic 
tract to the visual cortex 
2. Gating information flow to visual 
cortex in response to contrast, 
movement and colour (red-green 
and blue-yellow responses).

Lateral Geniculate Nucleus

L2: Visual perception and map interpretation
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Visual cortex – complex processing: 
- complex shapes and arrangements 
- detect visual units (line widths, 
   lenghts, angles, etc.) 
- detect shapes and patterns. 

Information passed on to the other 
areas in the brain, but we still do  
not know enough about how the 
processes in the brain operate in 
order to convert such analytical 
patterns into meaning.  

Visual cortex

L2: Visual perception and map interpretation
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Colour vision

Colour – physical stimulus +  
   physiological reaction of the eye + 
   psychological interpretation in the brain.

Physical stimulus: wavelength of incoming light.

L2: Visual perception and map interpretation
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Physiological reaction of the eye: the response of the cones

3 types of cones, responding to 3 different wavelengths: 
L-cones -> long wavelenghts -> red 
M-cones -> medium wavelenghts -> green 
S-cones -> short wavelenghts -> blue

If all cones are equally stimulated, we see white for maximum stimulation, 
grey for intermediate stimulation and black for low stimulation.

Colour perception: 
each wavelength of the  
spectrum is a unique linear  
combination of the stimulations  
of the three cone types.

L2: Visual perception and map interpretation



The light sensitivity of the normal 
human eye has been studied 
extensively. The response of the eye 
as a function of frequency is called 
the luminous efficacy of the eye. It 
has been tabulated for both the light-
adapted (photopic) case and the 
dark-adapted (scotopic) case.
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Light sensitivity of the eye

L2: Visual perception and map interpretation
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The distribution of field of vision of different colour cones in the 
right eye (perimetry chart):

Cartographical significance: blue cones cover a large part of the retina, 
but their sensitivity is lowest from all three cones. Therefore blue is a 
bad colour for small map features.

nose ear

Need low  
intensity

Need high 
intensity

Field of vision

L2: Visual perception and map interpretation



43

AG2412 Visualisation techniques

Dark adaption

L2: Visual perception and map interpretation
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Dark adaption of different wavelengths

Why red is popular as light for instruments used in darkness

L2: Visual perception and map interpretation
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Sensitivity range

The eye can adjust from 1 
to 1000000; that is from 
seeing a star to viewing 

bright sunshine

L2: Visual perception and map interpretation
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Depth perception

Size of image of known objects
Moving parallax
Stereopsis

Illustration 
of parallax
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Parallax in 2D image

The mirrored view in 
the water offers a 

second parallax for the 
pole and the sun, 

hinting for the 
difference in distance 

from the viewer.
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Stereopsis

The cube is shifted to the 
right in left eye's image.

The cube is shifted to the 
left in right eye's image.

We see a single, Cyclopean, 
image from the two eyes' images.

The brain gives each point in the 
Cyclopean image a depth value, 
represented here by a grayscale depth map.
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Red-green colour blindness: caused by missing cones.  
(about 10% of white males, while white females and non-whites of both 
genders are very rarely affected), but color blindness is transmitted from 
mother to son (resides in the X-chromosome)

What number do you see?

Color blindness

2 common types: 
- protanopia –> missing L-cones 
- deuteranopia -> missing M-cones 

Inability to distinguish blue-yellow: 
tritanopia, is extremelly rare.

L2: Visual perception and map interpretation
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Color blindness
L2: Visual perception and map interpretation
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Color blindness
L2: Visual perception and map interpretation
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Normal

TritanopeDeuteranope

Protanope
Color blindness

L2: Visual perception and map interpretation
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Optical illusions
L2: Visual perception and map interpretation
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Optical illusions
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Interpretation of the neural signals from the retinal photoreceptors. 

How do I know that I perceive the same colours as you do when 
looking at the same scene?

I describe as green what most of the other people describe as 
green (because I learnt it as I child), but I can’t be sure that it is the 
same colour.

I can’t 
know!!

Psychological reaction of the brain to colour

L2: Visual perception and map interpretation
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Eye movements

Maps contain small and detailed images. Foveal vision
Detection + discrimination

Map is viewed at the correct distance and focusing is ok.

Saccadic eye movements: extremely fast, small, jerky, voluntary 
eye movements to redirect the line of sight, allowing the eyes to 
fix on a still object as the head turns or the person moves – eye 
fixations.

Necessary eye movements

Look at your neighbour’s face. Can you see both of his/her eyes 
clearly at the same time?

Map reading
L2: Visual perception and map interpretation
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Can you focus and see all these points clearly at the same time?

Saccades
L2: Visual perception and map interpretation
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The inspection of map details is performed one bit at a time.  
Brief retinal images are stored in the brief sensory memory (15-30s), 
before it is processed by the visual system.

Map reading
L2: Visual perception and map interpretation
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Map perception and interpretation

Stages in map perception: 

1. Detection - Detect a symbol 

2. Discrimination - Discriminate a symbol from other symbols 

3. Identification - What does the symbol mean? 

4. Interpretation - Using the knowledge about a symbol in regard to 
the map-using task

Map reading
L2: Visual perception and map interpretation
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Detection – to detect a symbol

Depends upon: 
- the optical system of the eye -> the lense 
- the receptor system of the retina -> the ”photographic film”

Visual acuity: the minimum object size that can be detected at a 
given distance under certain conditions of contrast. 
- depends on the visual angle, covered by the object 
- maximal in the fovea, only about 2º around the centre of the 
visual field 
- NOT a major problem in the use of maps -> maps are not 
constructed with symbols that are too small to be seen.

Map using issues: 
- contrast (a thin black line vs. a thin yellow line or 
  a thin blue line on a green background) 

- detection problems during a visual search – eye fixations

Map reading
L2: Visual perception and map interpretation
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Discrimination

More critical than detection in map-using process.

Discrimination: to detect a difference between symbols or to  
discriminate one map symbol from the others.

Requirements for a map: 
- symbols that represent two different things, even though they 
might be similar, must be slightly different or 
- although in different surroundings, the two symbols that 
represent the same thing, must be the same.

Symbol on the map Symbol in the legend
Comparison

Map reading
L2: Visual perception and map interpretation
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Physiological factors in discrimination

A perceptible 
stimulus

intensity

extent

duration

dimension

form

hue

brightness

negligible for a 
map symbol

Minimum condition for discrimination: sufficient difference in form, 
dimension and contrast (either achromatic or in hue, saturation 
and brightness) between two symbols. 

Form: Dimension: Brightness:

Hue:

Map reading
L2: Visual perception and map interpretation
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Psychological factors in discrimination

Maps can be perceived on two levels: 
- in their entirety -> peripheral + central (fovaeal) vision,  
- selecting particular details for closer attention -> central vision.

broader 
forms

selected details, 
ignoring irrelevant 
things

However, as situation/task of the map-user changes, previously 
irrelevant details may become relevant to the task. 

Map reading
L2: Visual perception and map interpretation
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Discrimination of dimension

Ability to make judgements about the relative sizes of objects and 
the difference between them.

Diameter/area  
of a point  

symbol

The width of a line
The space  
between lines

The length/distance

Two types of discrimination problems: 
- for most maps: difference in dimension shows a qualitative 
difference (i.e. a thicker line represents a different geographical 
feature than a thinner line) -> no problems 
- problems: if the difference in dimension represents a quantitative 
difference (the user should judge how much the symbols differ, what 
is the smallest still perceivable difference?)

Map reading
L2: Visual perception and map interpretation
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Easier to perceive differences in form than small differences in 
dimension:

1px

2 px

Different forms, both 0.75 pt wide

Map reading
L2: Visual perception and map interpretation
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Quantitative discrimination

Using graphic elements – form, dimension and colour – of the map 
symbols to represent characteristics of the geographic object/
phenomena.

Problem: 
Human vision is good in discrimination of symbols, but not adequate 
for objective size judgement.

L3: Graphic variables

Map reading
L2: Visual perception and map interpretation
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Discrimination of form

Form is not the same as shape! 

Form: the form of point/line symbols, important for discrimination. 
Shape: the spatial arrangement of geographical features, 
important for identification.

Regular, simple geometrical figures are easier to discriminate than 
complex ones.

But they have to be sufficiently large: 
-ok to discriminate between a circle and a square with diameter 2mm, 
but if they are more reduced in size, that becomes difficult -> a 
problem of discrimination, not detection. 

Another issue is separation: 
- if two small different symbols are side by side, they are easier to  
discriminate than if they are far apart.

Map reading
L2: Visual perception and map interpretation
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Discrimination of colour: hue, saturation and lightness

L3: Graphic variables

Map reading
L2: Visual perception and map interpretation
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Identification - What does the symbol mean?
Identification is not the same as recognition! 

Recognition: something looks familiar. 
Identification: we can say what it is or name it.

Ability to tell what the observed geographical symbol represents.

A river

A lake  A harbour

 A camping 
place

Once the meaning of a symbol is understood, interpretation becomes  
possible.

Map reading
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Interpretation depends on previous knowledge and culture.

What is this?

What is this?

Map reading
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A castle on the topographic 
map in Sweden&Austria.

Map reading
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Interpretation

Involves user’s previous knowledge, not only visual perception. While 
the processes of visual perception are well researched, we still do not 
know very much about how we ”know” and learn things and what mental 
processes are involved in the map interpretation process. 

Cognitive psychology: 
 psychological study of human knowledge acquisition, 
 not only by input through the sensors, but by 
 internal mental factors.

memory

learningattitude

Map reading



http://thebrain.mcgill.ca
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http://webvision.med.utah.edu/

Further reading

http://thebrain.mcgill.ca
http://livepage.apple.com/
http://webvision.med.utah.edu
http://livepage.apple.com/
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Newton viewed color as a physical 
problem, involving light striking 
objects and entering our eyes.
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Goethe reformulates the topic of 
color in an entirely new way. He 
suggested that the sensations of 
color reaching our brain are also 
shaped by our perception — by the 
mechanics of human vision and by 
the way our brains process 
information. Therefore, according to 
Goethe, what we see of an object 
depends upon the object, the 
lighting and our perception.

Goethe’s diagrams in the first plate of Zür 
Farbenlehre (Theory of Colors) include a 
colorwheel and diagrams of distorted 
color perception.
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Exercise 2: Designing cartographic symbols


