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2.1 Perception
2.1.1 Eye and camera2.1

Most of the information we receive about
the world around us is through our eyes.
Light is not only an essential prerequisite
and the medium by which we are able 
to see. Through its intensity, the way it is
distributed throughout a space and
through its properties, light creates specific
conditions which can influence our 
perception.

Lighting design is, in fact, the planning of
our visual environment. Good lighting 
design aims to create perceptual con-
ditions which allow us to work effectively
and orient ourselves safely while pro-
moting a feeling of well-being in a parti-
cular environment and at the same time
enhancing that same enviroment in an
aesthetic sense. The physical qualities of
a lighting situation can be calculated and
measured. Ultimately it is the actual 
effect the lighting has on the user of 
a space, his subjective perception, that
decides whether a lighting concept is suc-
cessful or not. Lighting design can there-
fore not be restricted to the creation 
of technical concepts only. Human per-
ception must be a key consideration in the
lighting design process.

2.1.1 Eye and camera

The process of perception is frequently
explained by comparing the eye with 
a camera. In the case of the camera, 
an adjustable system of lenses projects the
reversed image of an object onto a light-
sensitive film. The amount of light is 
controlled by a diaphragm. After developing
the film and reversing the image during
the enlarging process a visible, two-
dimensional image of the object becomes
apparent. 

Similarly, in the eye, a reversed image
is projected onto the inner surface of 
the eye, the so-called fundus oculi, 
via a deformable lens. The iris takes on the 
function of the diaphragm, the light-
sensitive retina the role of the film. 
The image is then transported via the optic
nerve from the retina to the brain, 
where it is adjusted in the cortex and made
available to the conscious mind.

Comparing the eye with the camera in
this way makes the process of vision fairly
easy to understand, but it does not con-
tribute to our comprehension of perception.
The fault lies in the assumption that 
the image projected onto the retina is
identical to the perceived image. The fact
that the retina image forms the basis for
perception is undisputed, but there are
considerable differences between what is
actually perceived in our field of vision
and the image on the retina. 

Firstly, the image is spatially distorted
through its projection onto the curved
surface of the retina – a straight line is as
a rule depicted as a curve on the retina.

Perception
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Spherical aberration.
Projected images are
distorted due to the
curvature of the retina.

Chromatic aberration.
Images are blurred 
due to the various 
degrees of refraction
of spectral colours.
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This spherical misrepresentation is ac-
companied by clear chromatic aberration
– light of various wavelengths is refracted
to varying degrees, which produces
coloured rings around the objects viewed. 

The eye is therefore a very inadequate
optical instrument. It produces a spatially
distorted and non-colour corrected image
on the retina. But these defects are not
evident in our actual perception of the
world around us. This means that they
must somehow be eliminated while the
image is being processed in the brain.

Apart from this corrective process there
are a number of other considerable diffe-
rences between the image on the retina
and what we actually perceive. If we per-
ceive objects that are arranged within a
space, this gives rise to images on the re-
tina whose perspectives are distorted. 
A square perceived at an angle, for example,
will produce a trapezoidal image on the
retina. This image may, however, also have
been produced by a trapezoidal surface
viewed front on, or by an unlimited num-
ber of square shapes arranged at an
angle. The only thing that is perceived is
one single shape – the square that this
image has actually produced. This percep-
tion of a square shape remains consistent,
even if viewer or object move, although 
the shape of the image projected on the
retina is constantly changing due to the
changing perspective. Perception cannot
therefore only be purely a matter of 
rendering the image on the retina available
to our conscious mind. It is more a result
of the way the image is interpreted.

2.1.2 Perceptual psychology

Presenting a model of the eye to demon-
strate the similarities to the workings of 
a camera does not provide any explanation
as to how the perceived image comes into
being – it only transports the object to 
be perceived from the outside world to the
cortex. To truly understand what visual
perception is all about, it is not so much
the transport of visual information that is
of significance, but rather the process 
involved in the interpretation of this infor-
mation, the creation of visual impressions. 

The next question that arises is
whether our ability to perceive the world
around us is innate or the result of a lear-
ning process, i.e. whether it has to 
be developed through experience. Another
point to be considered is whether sense
impressions from outside alone are 
re-sponsible for the perceived image or
whether the brain translates these stimuli
into a perceivable image through the 
application of its own principles of order. 

There is no clear answer to this que-
stion. Perceptual psychology is divided on
this point. There are, in fact, a number of
contradictory opinions, each of which can
provide evidence of various kinds to prove
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Perceptual constancy:
perception of a shape
in spite of the fact that
the image on the retina
is changing with the
changing perspective.

Perception of a shape
based on shadow for-
mation alone when
contours are missing.

Recognising an overall
shape by revealing 
essential details.

Matching a colour to
the respective pattern 
perceived. The colour of
the central grey point
adjusts itself to the
black or white colour of
the respective perceived
pattern of five
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their point. But not one of these schools
of thought is able to give a plausible 
explanation for all the phenomena that 
occur during the visual process. 

There is an indication that the spatial
aspect of perception is innate. If you
place new-born animals (or six-month-
old babies) on a glass panel that overlaps
a step, they will avoid moving onto the
area beyond the step. This indicates that
the innate visual recognition of depth 
and its inherent dangers have priority
over information relayed via the sense of
touch, which tells the animal, or baby,
that they are on a safe, flat surface. 

On the other hand, it can be demon-
strated that perception is also dependent
on previous experience. Known shapes 
are more easily recognised than unknown
ones. Once interpretations of complex 
visual shapes have been gained, they 
remain, and serve as a source of reference
for future perception. 

In this case experience, and the ex-
pectations linked with it, may be so
strong that missing elements of a shape
are perceived as complete or individual
details amended to enable the object to
meet our expectations. 

When it comes to perception, there-
fore, both innate mechanisms and experi-
ence have a part to play. It may be 
presumed that the innate component 
is responsible for organising or structuring
the information perceived,whereas on a
higher level of processing experience helps
us to interpret complex shapes and struc-
tures. 

As for the issue of whether impressions
received via the senses alone determine
perception or whether the information 
also has to be structured on a psychical
level, again there is evidence to prove
both these concepts. The fact that a grey
area will appear light grey if it is edged 
in black, or dark grey if it is edged in
white can be explained by the fact that the
stimuli perceived are processed directly –
brightness is perceived as a result 
of the lightness contrast between the
grey area and the immediate surroundings.
What we are considering here 
is a visual impression that is based ex-
clusively on sensory input which is not in-
fluenced by any criteria of order linked
with our intellectual processing of this
information. 

On the other hand, the fact that vertical
lines in a perspective drawing 
appear to be considerably larger further
back in the drawing than in the fore-
ground, can be explained by the fact that
the drawing is interpreted spatially. A line
that is further away, i.e. in the back-
ground, must be longer than a line in the
foreground in order to produce an equi-
valently large retina image – in the depth
of the space a line of effectively the 
same length will therefore be interpreted
and perceived as being longer.
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Constancy with regard
to perception of size.
Due to the perspective
interpretation of this
illustration the lumi-
naires are all perceived
as being the same size
in spite of the variati-
ons in size of the retina
images.

In this case the per-
spective interpretation
leads to an optical illu-
sion. The vertical line
to the rear appears
to be longer than a
line of identical length
in the foreground due 
to the perspective 
interpretation of the
picture.

The continuous lumi-
nance gradient across
the surface of the
walls is interpreted as
a property of the
lighting of the wall.
The wall reflectance
factor is assumed to be
constant. The grey of
the sharply framed
picture is interpreted
as a property of the
material, although the
luminance is identical
to the luminance of
the corner of the room.

The perception of the
lightness of the grey
surface depends on its
immediate surroundings.
If the surrounding 
field is light an identical
shade of grey will appear
to be darker than when
the surrounding field 
is dark.
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Our apparent knowledge of distance
ratios therefore gives rise to a change 
in the way we perceive things. As the 
distances in the drawing are however fic-
titious, we can say that there is evidence
that the brain is able to perform inter-
pretative processes that are not dependent
on external stimuli. Perception therefore
cannot be attributed to one principle
alone, but results from various mecha-
nisms.

2.1.2.1 Constancy

Even if there is not one simple explanation
for the way perception works, the question
regarding which objective the various
mechanisms serve remains an interesting
one. Optical illusions provide an opportunity
to examine the effects and aims of 
perception. Optical illusion is not a case
of a perceptual faux pas, but can be 
regarded as the border case of a mechanism
that provides essential information under
everyday conditions. This indicates that
both phenomena described above, both
the changing perception of brightness
on identical surfaces and the erroneous
perception of lines of equal length, can be
explained as stemming from one common
objective.

One of the most important tasks of per-
ception is to differentiate between 
constant objects and changes in our surroun-
dings in the continuously changing 
shapes and distribution of brightness 
of the image on the retina. Since constant
objects also produce retina images of
varying shapes, sizes and brightness 
arising due to changes in lighting, distance
or perspective, this indicates that mecha-
nisms must exist to identify these objects
and their properties and to perceive them
as being constant.

Our misinterpretation of lines of the same
length shows that the perceived size of 
an object does not depend on the size of
the retina image alone, but that the dis-
tance of the observer from the object 
is significant. Vice versa, objects of known
sizes are used to judge distances or 
to recognise the size of adjacent objects.
Judging from daily experience this 
mechanism is sufficient to allow us to per-
ceive objects and their size reliably. A per-
son seen a long way away is therefore 
not perceived as a dwarf and a house on the
horizon not as a small box. Only in
extreme situations does our perception 
deceive us: looking out of an aeroplane ob-
jects on the ground appear to be tiny; the
viewing of objects that are considerably
farther away, e.g. the moon, is much more
difficult for us to handle.

Just as we have mechanisms that handle
the perception of size we have similar
mechanisms that balance the perspective

distortion of objects. They guarantee that
the changing trapezoidal and ellipsoidal
forms in the retina image can be perceived
as spatial manifestations of constant, 
rectangular or round objects, while taking
into consideration the angle at which the
object is viewed.

When it comes to lighting design
there is a further complex of constancy
phenomena that are of significance;
those which control the perception of
bright-ness. Through the identification of
the luminous reflectance of a surface 
it becomes apparent that a surface reflects
light differently depending on the inten-
sity of the surrounding lighting, i.e. the 
luminance of a surface varies. The illumi-
nated side of a unicoloured object has a
higher luminance than the side that 
receives no direct light; a black object in
sunlight shows a considerably higher level
of luminance than a white object in an
interior space. If perception depended on
seen luminance, the luminous reflectance
would not be recognised as a constant
property of an object.

A mechanism is required that deter-
mines the luminous reflectance of a 
surface from the ratio of the luminances of
this surface to its surroundings. This 
means that a white surface is assumed to be
white both in light and shade, because 
in relation to the surrounding sufaces 
it reflects more light. There is, however, the
borderline case, as indicated above, where
two surfaces of the same colour are per-
ceived as being of a different brightness
under the same lighting due to different
surrounding surfaces.

The ability of the perceptual process to
recognise the luminous reflectance 
of objects under different illuminance levels
is actually only half the story. There must
be additional mechanisms that go beyond
the perception of luminous reflectance,
while processing varying gradients and
sharp differences in luminance.

We are familiar with changing luminance
levels on the surfaces around us. They
may be the result of the type of lighting:
one example of this is the gradual
decrease in brightness along the rear wall
of a space that is daylit from one side
only. Or they may arise from the spatial
form of the illuminated object: examples
of this are the formation of typical 
shadows on spatial bodies such as cubes, 
cylinders or spheres. A third reason 
for the presence of different luminances 
may lie in the quality of the surface. 
Uneven reflectance results in uneven 
luminance even if the lighting is uniform.
The aim of the perceptual process is 
to decide whether an object is of a single
colour, but not lit uniformly, or whether
it is spatially formed or a uniformly 
lit object with an uneven reflection factor.
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The spatial impression
is determined by the
unconscious assump-
tion that light comes
from above. By inver-
ting the picture the
perception of elevation
and depth is changed.

The spatial quality of
an object can be
recognised purely from
the gradient of the
shadows.
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The example shown here serves to explain
this process. As a rule the folded card is
perceived as if it is being viewed from the
outside (fold to the front). In this case it
appears to be uniformly white but lit from
one side. If the card is seen as being 
viewed from inside (fold to the rear), it is
perceived as being uniformly lit but 
with one half coloured black. The luminance
pattern of the retina image is therefore
interpreted differently: in one case it 
is attributed to a characteristic black/white
coloration of the perceived object; in the
other case perception does not cover 
the different luminance in the perception 
of the apparently uniformly white card; 
it is taken to be a feature of the lighting 
situation.

One characteristic feature of perception
is, therefore, the preference for simple 
and easily comprehensible interpretations.
Differences in luminance are effectively
eliminated from the perceived images to a
large extent or especially emphasized de-
pending on whether they are interpreted
as a characteristic feature of the object 
or as a feature of the surroundings – in this
case, of the lighting.

These mechanisms should be taken into
consideration when designing the
lighting for a space. The first conclusion
that can be drawn is that the impression
of uniform brightness does not depend 
on totally uniform lighting, but that 
it can be achieved by means of luminance
gradients that run uniformly.

On the other hand irregular or uneven
luminances can lead to confusing lighting
situations. This is evident, for example,
when luminous patterns created on the
walls bear no relation to the architecture.
The observer’s attention is drawn to a 
luminance pattern that cannot be explained
through the properties of the wall, nor 
as an important feature of the lighting. 
If luminance patterns are irregular they
should, therefore, always be in accordance
with the architecture.

The perception of colour, similar to the
perception of brightness, is dependent on
surrounding colours and the quality 
of the lighting. The necessity to interpret
colours is based on the fact that colour
appearances around us are constantly
changing.

A colour is therefore perceived as
being constant both when viewed in the
bluish light of an overcast sky or in warmer
direct sunlight – colour photographs 
taken under the same conditions, however,
show the colour shifts we expect under
the particular lighting.

Perception is therefore able to adjust 
to the respective colour properties of the
lighting, thereby providing constant
colour perception under changing condi-
tions. This only applies, however, when 
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Change of perception
from light/dark to
black/white if the spa-
tial interpretation 
of the figure changes.

Light distribution that
is not aligned with the
architectural structure
of the space is perceived

as disturbing patterns
that do not relate to
the space.

The position of the 
luminous beam deter-
mines whether it 
is perceived as back-
ground or as a distur-
bing shape.

The lighting distribution
on an unstructured
wall becomes a 
dominant feature,
whereas the same
lighting distribution 
on a structured wall is
interpreted as back-
ground and not per-
ceived.
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the entire environment is lit with light of
the same luminous colour and the
lighting does not change too rapidly. 
If different lighting situations can be com-
pared directly, the contrast due to different
luminous colours will be perceived. 
This becomes evident when the observer
moves through spaces that are lit diffe-
rently, but above all when different light
sources are used within one room or 
if the observer is in a space comprising
coloured glazing and in a position to 
compare the lighting inside and outside
the building. Lighting a space using 
different luminous colours can be done
effectively, if the change of luminous
colour bears a clear relation to the re-
spective environment.

2.1.2.2 Laws of gestalt

The main theme of this chapter so far has
been the question of how the properties of
objects – size, form, reflectance and
colour – are perceived as being constant
in spite of changing retina images. 
These considerations did not include how
the object itself is perceived.

Before properties can be attributed to
an object, the object itself must be recog-
nised, that is to say, distinguished from its
surroundings. The process of identifying
this object in the profusion of continuously
changing stimuli on the retina is no less
problematic than the perception of 
objects. Or to put it in more general terms:
how does the perceptual process define
the structures its attention has been drawn
to and how does it distinguish them from
their surroundings.

An example will serve to illustrate this
process. In the drawing on the left most
people spontaneously see a white vase
against a grey background. On closer ex-
amination two grey heads facing each
other against a white background become
apparent. Once the hidden faces have
been discovered, there is no difficulty in
perceiving the vase or the faces, but it 
is impossible to see both at the same time.

In both cases we perceive a figure – either
the vase or the two faces against a back-
ground of a contrasting colour. The sepa-
ration of gestalt (form) and environment,
of motif and background, is so complete
that if you imagine that the form is 
moved, the background does not move in
unison. In our example the background 
is therefore an area behind the form and
fills the entire drawing. Apart from its
colour and its function as an environment
no other properties are attributed to the
background area. It is not an object in its
own right and is not affected by changes
inherent to the form. This impression is
not influenced by the knowledge that the
"background" in our example, is in fact,
another form, or gestalt – the perceptual

mechanism is stronger than our conscious
reasoning.

This example shows that the complex and
inconsistent patterns of the retina image
are ordered in the course of the perpetual
process to enable us to interpret 
whatwe perceive easily and clearly. In our 
example, a portion of these patterns 
within one picture are grouped together
to form an image, i.e. an object of interest
while the rest of the patterns are regarded
as the background and their properties 
by and large ignored.

Moreover, the fact that of the two in-
terpretations the vase is the preferred one
shows that this process of interpretion 
is subject to certain rules; that is to say,
that it is possible to formulate laws 
according to which certain arrangements
are grouped together to form shapes, 
i.e. objects of perception.

These rules are not only of value when it
comes to describing the perceptual pro-
cess, they are also of practical interest for
the lighting designer. Every lighting 
installation comprises an arrangement 
of luminaires – on the ceiling, on the walls
or in the space. This arrangement is 
not perceived as such, but is organised into
forms or groups in accordance with the
laws of gestalt. The architectural setting
and the lighting effects produced by 
the luminaires give rise to further patterns,
which are included in our perception 
of the overall situation.

It might occur that these structures
are reorganised visually to such an extent
that we do not perceive the patterns 
as intended, but other shapes and forms.
Another, negative effect may be – for 
example, in the case of a chessboard pat-
tern – that gestalt and background 
cannot be clearly identified. The result 
is continuously shifting focus selection. 
It is therefore necessary to consider 
to the laws of gestalt when developing
lighting design concepts.
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Depending on how 
you view this drawing,
you will see a vase or
two heads facing each
other.
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An initial and essential principle of the
perception of gestalt, is the tendency to
interpret closed forms as a figure.

Closed forms need not possess a continuous
contour. Elements arranged close 
together are grouped according to an-
other law of gestalt, the law of proximity,
and form a figure. The example on the 
left demonstrates that we first see a circle
and then an arrangement of luminaires.
The circles are arranged in such a strict
order that the imaginary linking lines 
between them is not straight, but forms 
a circle; the resulting shape is not a poly-
gon but a perfect circle.

Apart from the effect produced by proxi-
mity, there is another mechanism 
via which shapes that are not competely 
closed can be perceived as a gestalt. 
A closed shape is always seen as being on
the inside of the linking line – the forma-
tive effect therefore only works in one 
direction. This inner side is usually identical
to the concave, surrounding side of 
the line that encloses the figure. This in
turn leads to a formative effect even 
in the case of open curves or angles, rende-
ring a figure visible inside the line, that 
is to say in the partly enclosed area. If this
leads to a plausible interpretation of the 
initial pattern, the effect of the inner side
can be significant.

Patterns frequently possess no shapes that
can be arranged according to the 
principles of closure or proximity, or the
inner line. But in such cases there are 
laws of gestalt that allow certain arrange-
ments to appear as a shape. The percep-
tion of a form as a pure shape is based on
simple, logical structure, whereas more
complex structures belonging to the same
pattern disappear into an apparently con-
tinuous background. One example of 
the this logical structuring of specific shapes
is symmetry.

Shapes of equal width have a similar 
effect. This is not strictly a case of 
symmetry. A principle of order and orga-
nisation is, however, evident, and this
allows us to perceive a shape.

If a pattern contains no symmetry or 
similar widths, uniform style can still be
enough to render a shape a gestalt.

Apart from providing the ability to dis-
tinguish shapes from their surroundings, i.e.
figures from their background, perception
also clarifies the relation of figures 
to each other; be it the grouping together 
of individual shapes to form one large shape
or the inter-relationship of a number 
of shapes to form a group. The basic princi-
ple that lies behind our ability to distin-
guish between shapes and background is
once again evident here: our unconscious
search for order in our visual field.
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Law of gestalt relating
to proximity. Luminaires
are grouped in pairs.

Law of gestalt relating
to proximity. Four
points are grouped to
form a square, from
eight points upwards a
circle is formed.

The downlights are ar-
ranged in two lines 
in accordance with the
law of pure form. When
two modular luminaires
are added the arrange-
ment is reorganised
according to the law of
symmetry to form two
groups of five.
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A basic law of gestalt is to prefer to per-
ceive lines as steady continuous curves
or straight lines, and to avoid bends and
deviations. The preferance to perceive
continuous lines is so great that it can 
influence the overall interpretation of an
image.

When it comes to two-dimensional shapes
the law of the continuous line conforms
with the law of pure form. In this case,
too, shapes are organised to create figures
that are as simple and clearly arranged as
possible.

When a given number of individual shapes
are put together to form groups, similar
laws of gestalt come into play as with the
focal selection of figure and background.
The proximity of shapes is an equally 
essential principle in this regard.

A further criterion for the formulation of
groups is symmetry. Especially in the case
of axial symmetry (arrangements around
a vertical axis) the mirrored shapes are 
always grouped in pairs. This effect can be
so strong that the grouping of adjacent
shapes according to the law of proximity
becomes irrelevant.

Besides spatial layout, the structure of the
shapes themselves is also responsible for
the formation into groups. The shapes in
the adjacent drawing are not organised
according to proximity or axial symmetry,
but in groups of identical shapes. This
principle of identity also applies when the
shapes in a group are not absolutely iden-
tical but only similar.

The final law of gestalt for the arrangement
of groups is a special case, as it involves
the element of movement. In the case of
the law of "common destiny" it is 
not the similarity of structure, but rather
a mutual change, predominantly of the
spatial position, which assembles the 
figures into groups. This becomes apparent
when some of the forms that were 
originally attributed to a previously well-
organised group, move in unison, because
in contrast to the remaining figures, 
it is as if they are drawn on a transparent
overlay, which is placed on the original
pattern. The common movement of 
the group in contrast to the immovability
of the other figures renders their belonging
together in any purposeful sense so 
probable that the original image is sponta-
neously reinterpreted.

At first glance these laws of gestalt 
appear to be very abstract and of little
significance for the lighting designer. 
But these laws of gestalt do play 
an important role in the development of 
luminaire arrangements. The actual
lighting effect produced by a planned 
arrangement of luminaires may deviate
totally from the original design, 
if the concept it is based on ignores the
mechanisms inherent to perception.
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Law of gestalt relating
to continuous lines.
The arrangement is 
interpreted as two lines
crossing.

Law of gestalt relating
to pure form. The arran-
gement is interpreted as
two superimposed rec-
tangles.

Law of gestalt relating
to similarity. Luminaires
of the same type 
are grouped together.
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Sectional view of the
eye, representation
showing the parts of
the eye which are sig-
nificant in the physio-
logy of vision:
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2.1.3 Physiology of the eye

The information presented in this chapter
is based on the consideration that it is 
inadequate to portray the eye as an optical
system when describing human perception.
The process of perception is not a matter 
of how an image of our environment 
is transferred to the retina, but how the
image is interpreted, how we differentiate
between objects with constant properties 
in a changing environment. Although 
this means that priority will be given here 
to the process by which the image is created
both physiologically and psychologically,
the eye and its fundamental properties
should not be ignored.

The eye is first and foremost an optical 
system creating images on the retina. 
We have described this system by comparing
the eye with a camera, but more interesting
by far is the surface on which the image
occurs - the retina. It is in this layer 
that the pattern of luminances is translated
into nervous impulses. The retina has,
therefore, to possess light sensitive 
receptors that are numerously sufficient
to allow a high resolution of the visual
image.

On close examination it is evident that these
receptors are not arranged in a uniform
pattern; the retina is a very complicated
structure: firstly there are two different
types of receptor, the rods and the cones,
which are not distributed evenly over 
the retina. At one point, the so-called
“blind spot”, there are no receptors at all, 
as this is the junction between the optic
nerves and the retina. On the other 
hand there is an area called the fovea, which 
is at the focal point of the lens.
Here there is the greatest concentration
of cones, whereas the density of the cones 
reduces rapidly towards the peripheral
area. This is where we find the greatest
concentration of rods, which are not evident
at all in the fovea.

The reason for this arrangement of different
receptor types lies in the fact that
our eyes consist of two visual systems. The
older of these two systems, from an
evolutionary point of view, is the one in-
volving the rods. The special features of this
system are a high level of light-sensitivity
and a large capacity for perceiving 
movement over the entire field of vision.
On the other hand, rods do not allow 
us to perceive colour; contours are not sharp,
and it is not possible to concentrate 
on objects, i.e. to study items clearly
when they are in the centre of our field of
vision. 

The rod system is extremely sensitive
and it is activated when the illumance 
level is below 1 lux. The main features 
of night vision - mainly the fact that colour
is not evident, contours are blurred 
and poorly lit items in our peripheral field

of vision are more visible – can be explained
by the properties of the rod system.

The other type of receptors, the cones, make
up a system with very different properties.
This is a system which we require to see
things under greater luminous intensities,
i.e. under daylight or electric light. 
The cone system has a lower level of light-
sensitivity and is concentrated in 
the central area around the fovea. It allows 
us to see colours and sharper contours 
of objects on which we focus, i.e. whose
image falls in the fovea area. 

In contrast to rod vision, we do not
perceive the entire field of vision uniformly;
the main area of perception is in the 
central area. The peripheral field of vision
is also significant, however; if interesting
phenomena are perceived in that area 
then our attention is automatically drawn
to these points, which are then received 
as an image in the fovea to be examined
more closely. Apart from noticing sudden
movement, striking colours and patterns,
the main reason for us to change 
our direction of view is the presence of
high luminances - our eyes and attention
are attracted by bright light.

One of the most remarkable properties 
of the eye is its ability to adapt to different
lighting conditions. We can perceive 
the world around us by moonlight or sun-
light, although there is a difference 
of a factor of 105 in the illuminance. The
extent of tasks the eye is capable 
of performing is extremely wide - a faintly
glowing star in the night’s sky can 
be perceived, although it only produces an
illuminance of 10-12 lux on the eye.

This accomodation is only influenced to
a very small extent by the pupil, which 
regulates incident light in a 1:16 ratio.
Adaptation is performed to a large extent
by the retina. The rod and cone system
handles different levels of light intensity.
The rod system comes into effect in 
relation to night vision (scotopic vision),
the cones allow us to see during the day-
time (photopic vision) and both receptor
systems are activated in the transition
times of dawn and dusk (mesopic vision). 

Although vision is therefore possible
over an extremely wide area of luminances
there are clearly strict limits with regard 
to contrast perception in each individual
lighting situation. The reason for this 
lies in the fact that the eye cannot cover
the entire range of possible luminances 
at one and the same time, but adapts to
cover one narrow range in which 
differentiated perception is possible. 
Objects that possess too high a luminance
for a particular level of adaptation cause
glare, that is to say, they appear to be 
extremely bright. Objects of low luminance,
on the other hand, appear to be too dark.

The eye is able to adjust to new 
luminance conditions, but as it does so it
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sight.

Relative spectral lumi-
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simply selects a different but restricted
range. This process of adaptation does
take time. Adapting from dark to light 
situations occurs relatively rapidly, whereas
adapting from light to darkness requires 
a considerably longer time. A good example
of this is how bright we find it outside
having come out of a dark cinema audi-
torium during the daytime, or the transitory
period of night blindness we experience
when entering a very dark room. Both 
the fact that contrast in luminance can only
be processed by the eye within a certain
range, plus the fact that it takes time 
to adapt to a new level of lighting, 
or brightness, have an impact on lighting
design: the purposeful planning of 
different luminance grades within a space,
for example, or when adjusting lighting
levels in adjacent spaces.

2.1.4 Objects of perception

Although this chapter has described the
psychological mechanisms involved 
in the perception process together with the
physiological prerequisites, a third area
has only been touched upon - the subject
of perception. To this point the things 
that were seen were either “objects”
or “figures” in general or examples chosen
to illustrate a certain mechanism. We do
not perceive any object that comes within
our field of vision, however. The way the
fovea prefers to focus on small, changing
scenes shows that the perception process
purposefully selects specific areas. 
This selection is inevitable, as the brain is
not capable of processing all the visual
information in the field of vision, and it also
makes sense because not all the information
that exists in our environment is necessarily
relevant for perception.

Any attempt to describe visual perception
effectively must therefore also take into
account the criteria by which the selection
of the perceived information is effected. 
In the first instance the value of any
particular information relates to the cur-
rent activity of the observer. This activity
may be work or movement-related or any
other activity for which visual information
is required. 

The specific information received de-
pends on the type of activity. A car
driver has to concentrate on different visual
tasks than a pedestrian. A precision 
mechanic processes different information
than a worker in a warehouse. A visual
task can be defined by size or location; 
it is of importance whether a visual task is
movement-related or not, whether small
details or slight contrasts have to be regi-
stered, whether colours or surface 
structures are essential properties. Lighting
conditions under which the visual task 
can be perceived to an optimum 
degree can be determined from the above-
mentioned specific features. It is possible
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Visual field (1), prefer-
red visual field (2) and
optimum field of vision
(3) of a person standing
(above) and sitting
(centre, below) for 
vertical visual tasks.

Frequency H of angle
of sight å for horizon-
tal visual tasks. Prefer-
red field of vision be-
tween 15° and 40°,
preferred direction of
view 25°.

Preferred field of vision
for horizontal visual
tasks. Preferred direction
of view 25°.
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to define ways of lighting which will opti-
mise the performace of specific activities.
Investigations have been carried out 
especially in office and traffic situations
to study the respective visual tasks and 
a wide range of activities and to determine
the conditions required for optimum per-
ception. Standards and recommendations
for the lighting of workplaces and traffic
systems are based on the findings of this
research. 

There is, however, another basic need
for visual information that goes beyond
the specific information required for 
a particular activity. This requirement for
information is not related to any particu-
lar situation, it is the result of man’s 
biological need to understand the world 
around him. Whereas you can enable 
a person to work more effectively by crea-
ting optimum perceptual conditions 
for certain activities, man’s feeling of well-
being in his visual environment depends 
on satisfying his biological need for infor-
mation. 

Much of the information required 
results from man’s need to feel safe. To be
able to evaluate a danger you have
to be able to comprehend the structure 
of your environment. This applies both 
to orientation – knowing where you are,
which route you are on, and what the 
potential destinations may be – and know-
ledge about the qualities and peculiarities
of the environment you find yourself in.
This knowledge, or lack of information, de-
termines the way we feel and our behaviour.
It can lead to a feeling of tension and un-
rest in unknown or potentially dangerous
situations, or relaxation and tranquility 
in a familiar and safe environment. Other
information about the world around us 
is required to allow us to adapt our beha-
viour to the specific situation. This may 
include knowledge of weather conditions
and the time of day as well as informa-
tion relating to other activities occurring
in the given environment. Should this 
information not be available, e.g. in large,
windowless buildings, the situation is
often interpreted as being unnatural and
oppressive. 

A third area arises from man’s social
needs. The need for contact with other
people and the demand for a private sphere
are somewhat contradictory and have 
to be carefully balanced. The focus on which
visual information is to be taken in
is, therefore, determined by the activities
being performed in a given environment
and man’s basic biological needs. Areas
that promise significant information – 
be it in their own right, or through 
accentuation with the aid of light – are
perceived first. They attract our attention.
The information content of a given object
is responsible for its being selected as 
an object of perception. Moreover, the infor-
mation content also has an influence 
on the way in which an object is perceived
and evaluated. 

The glare phenomenon illustrates this
particularly well. If the exterior lighting 
is especially strong, an opal glass window
will produce glare, a fact that can 
be explained physiologically by the great
contrast between the luminance of the 
window and the considerably lower 
luminance level of the surrounding wall
surface. In the case of a window that 
provides an interesting view outside, 
the contrast is greater, but the feeling that
we are being subjected to disturbing glare
does not arise. Glare can, therefore, 
not only be explained from a physiological
standpoint, as it occurs when a bright 
surface with no information content 
attracts our attention. Even high luminance
contrasts are felt to be glare-free, if 
the area perceived offers interesting infor-
mation. It is therefore clear that it is 
not practical to stipulate photometric
quantities – e.g. luminance or illuminance
limits – out of context, since the actual
perception of these photometric quantities
is influenced by the processing of the infor-
mation provided.
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Luminance range L of
rod vision (1), mesopic
vision (2) and cone 
vision (3). Luminances
(4) and preferred lumi-
nances (5) in interior
spaces. Absolute thres-
hold of vision (6) and
threshold of absolute
glare (7).

Typical illuminances E
and luminances under
daylight and electric
light.

E (lux)
Sunlight 100 000
Overcast sky 10 000
Task lighting 1000
Circulation zone lighting 100
Street lighting 10
Moonlight 1

L (cd/m2)
Sunlight 1000 000 000
Incandescent lamp (matt finish) 100 000
Fluorescent lamp 10 000
Sunlit Clouds 10 000
Blue sky 5 000
Luminous ceiling 500
Louvred luminaires 100
Preferred values in interior spaces 50–500
White paper at 500 lx 100
Monitor (negative) 10–50
White paper at 5 lx 1
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