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The scientific application of artificial
lighting is a relatively young discipline. 
In contrast to daylighting, which looks
back on a tradition that developed gra-
dually over several thousand years, the
need to develop concepts for artificial
lighting only became a requirement in the
last century or two. Just 200 years ago
planning using artificial light sources was
confined to deciding where best to posi-
tion the few candles or oil lamps available.
Not really what might be referred to as
adequate lighting design. Only in the last
one hundred years, with the rapid de-
velopment of efficient light sources, has
lighting design acquired the tools that
allow artificial lighting to be produced with
adequate illuminance levels. This de-
velopment is accompanied, however, by
the task of defining the objectives and
methods behind this new discipline, of
deciding on the criteria by which the arti-
ficial light that is now available is to be
applied. 

3.1.1 Quantitative lighting design

The first and to date most effective con-
cept has given rise to a set of standards or
criteria for the lighting of workplaces.
While decisions with regard to lighting in
the private sector can be limited to the
choice of suitably attractive luminaires,
there is a clear interest in the field of the
lighting of workplaces to develop effec-
tive and efficient forms of lighting. The
main concern is which illuminance levels
and types of lighting will ensure optimum
visual performance, high productivity 
and safety at operating costs which are 
affordable.

Both aspects of this task were exami-
ned in detail, i.e. both the physiological
question of the correlation of visual per-
formance and lighting, and the technical
question of establishing criteria by which
the quality of a lighting installation can 
be measured. The concept of quantitative
lighting design with illuminance as the
central criterion, followed by uniformity,
luminous colour, shadow quality and the
degree of glare limitation, developed at a
relatively early stage. Taking such criteria
as a basis, standards were compiled con-
taining minimum illuminance levels on
the relevant working area for a wide variety
of activities, plus the minimum require-
ments for the other quality criteria.

In practice, this would appear to re-
quire uniform,mostly horizontally oriented
lighting over the entire space, which
could best be effected by a regular arran-
gement of luminaires, e.g. continuous rows
of fluorescent linear luminaires or louvred
downlights. The illuminance level in each
case is designed – in accordance with the
demand for uniform lighting – to meet
the requirements of the most complicated
visual tasks that can be expected in the
given space. The inevitable result is that
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Lighting design
concepts

3.1

Guide values for illumi-
nance E for various
areas of activity in
accordance with CIE
recommendations.

Type of lighting Area of activity Guideline E (lx)

Circulation routes 50
General lighting Staircases and short-stay 100
in short-stay spaces spaces

Rooms not continually in use – 200
lobbies, public circulation

General lighting Office with daylight- 300
in working spaces oriented workplace

Meeting and conference 300
rooms
Office space, data processing 500
Open-plan office, technical 750
drawings and design office
Complicated visual tasks, 1000
precision assembly,
colour testing

Additional lighting 2000
for very complicated
visual tasks
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the overall lighting is far too bright for 
all the other activities which will occur in
the area.

There is no doubt that quantitative
lighting design concepts of this kind are
successful within the framework of the
task that has been set, as explained above.
There is a proven correlation between 
the quality of the light and visual perfor-
mance; this corresponds to the definable
effect which the quality of the lighting has
on efficiency and safety at the workplace.

It is therefore justified to maintain
that the standard lighting conditions re-
commended for a technical office must
be different from those for a warehouse.
But when consideration is given to the
lighting required for working areas with
different or changing activities the limits
of quantitative lighting design concepts
soon become apparent. If the task is to
light a drawing board and a CAD worksta-
tion, for example – nowadays a frequent
constellation – it soon becomes clear that
the high illuminance level required for the
drawing board is disturbing to the person
working at the computer, indeed that the
vertical light component required for
work at the drawing board may make it
impossible to work at the computer.

More light is therefore not always
necessarily better light. Similarly, it is im-
possible to put other lighting qualities
into any kind of basic order of importance
– the measures taken to limit direct glare
may not work at all to limit reflected
glare; the light required to be able to read
small print might be unbearable for rea-
ding texts printed on glossy paper. The
frequently encountered idea that an over-
all illuminance level of 2000 lux with
optimum glare limitation and colour ren-
dering will be the end of complaints from
office staff, is based on what can only 
be described as inadmissible simplification.
Optimum lighting of different workplaces
cannot be effected by raising the overall
“quantity” or brightness of the light, but
only by orienting the planning towards
the requirements of the individual areas,
in other words, by relaxing the require-
ment for lighting to be uniform. 

As can be readily appreciated, the limits of
quantitative lighting design soon become
apparent in the actual field of application
it was intended for, the lighting of work-
places. Questionable though it is, this kind
of lighting philosophy is widespread and
is generally adopted as the standard for
architectural lighting. On closer investiga-
tion it is apparent that quantitative
lighting design is based on an extremely
simplified perception model. Our entire
environment is reduced to the term “visual
task”; all architectural considerations,
the information content and aesthetic
quality of the visual environment are
disregarded. The same applies to the defi-
nition of the perceiving person, who is
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Min. height h of emer-
gency exit signs in
escape routes in accor-
dance with maximum
viewing distance d
(acc. to DIN 4844). 

Safety lighting 

Safety lighting allows
people to leave rooms
and buildings (safety
lighting for escape
routes), or to complete
activities and leave
rooms with workplaces
that are exposed to
hazards.

Regulations laid down
in ASR 7/4 DIN 5035,
Part 5, DIN 57108, VDE
0108.

Requirements to be
met by safety lighting
in workplaces exposed
to hazards: minimum
illuminance Emin,
changeover time ∆t
and operating time t.

Standby lighting

Standby lighting
(usually 10 % of the ra-
ted illuminance) takes
over from the artificial
lighting to maintain
continued operation for
a defined period of
time, used to limit da-
mage and loss of pro-
duction, in particular.

Regulations laid down
in DIN 5035, Part 5.

Requirements to be
met by safety lighting
for escape routes:
minimum illuminance
Emin, uniformity Emin/
Emax, change-over time
∆t and operating time t.

Emergency exit sign,
backlit 

dh =
200

Illuminated emergency
exit sign 

dh =
100

Emergency lighting

Safety lighting

For workplaces subject to 
particular hazards

For escape routes

Standby lighting

Safety lighting
Workplaces exposed Escape routes
to hazards

Emin = 0.1 En Emin ≥ 1 lx
at least 15 lx (0.2 m above floor level)
En acc. to DIN 5035, Part 2

E min 1≥
Emax 40

∆t ≤ 0.5 s ∆t ≤ 15 s (workplaces)
∆t ≤ 1s ( meeting places,

business premises)

∆t ≥ 1 min, t = 1h (workplaces)
at least for the period people t = 3h (meeting places,
are subjected to danger business premises)
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of simply changing reference criteria, but
more of expanding the design analysis to
the entire space. Whereas up to now an
overall illuminance level was planned for
the whole space based on the visual
requirements for the most complicated
visual task, the approach now is to plan
luminance levels for all areas of a visual
environment.

This means that it is now possible
to differentiate between the various visual
tasks performed in a space, to define
room zones where the lighting is adjusted
to the specific activities carried out in
these areas. At this stage it is possible to
refer to the standards and recommenda-
tions laid down for quantitative lighting
design when planning the lighting for the
individual visual tasks. 

Design concepts based on luminance
levels are, however, not confined to ascer-
taining spatial zones, which in turn would
only lead to splitting a space up into a se-
ries of conventionally lit areas. The main
feature of this kind of planning is that it is
not directed towards the lighting for visual
tasks, but towards the brightness ratio
between the visual tasks and their respec-
tive surroundings, the balance of all lumi-
nances within one zone. This presumes
that the lighting for one zone only allows
optimum “stable” perception when the
luminance contrasts do not exceed, or fall
below, certain values. The aim is to create
a constellation within which the visual
task forms the brightest area in the envi-
ronment, thereby holding the attention
of the viewer. The luminance level of the
surroundings should therefore be lower 
so as not to distract the person’s view, but
remain within a defined range of con-
trast. The permissible scale of contrasts is
a result of the state of adaptation of the
eye while perceiving the visual task – in a
“stable” environment the eye retains a
constant state of adaptation, whereas an
“instable” environment leads to conti-
nuous, tiring adaptation through too low
or too high background luminances.

When planning a “stable” spatial
situation with controlled luminance dis-
tribution it is no longer possible to base
concepts on a standardised lighting in-
stallation. Just as luminance is a result of
the correlation of the illuminance and
reflectance of the surfaces, the lighting
installation and the material qualities
must be planned together when designing
concepts based on luminance levels. The
required luminance contrasts cannot only
be achieved by varying the lighting, but
also by determining surrounding colours.
The most prominent example is the
lighting for the Museum of Art in Berne,
where the especially intense and bright
appearance of the paintings on display is
not achieved by increased illuminance
levels, but through the grey colour of the
walls. In this situation the paintings have 
a higher luminance than the relatively
dark surrounding area, which makes their

effectively considered to be a walking
camera – the only aspect that is taken into
account is the physiology of our vision;
the psychology of perception is disregarded
altogether.

Design concepts based on these prin-
ciples, which only serve to ensure safety
and a sound working economy, and ignore
any other requirements the perceiving
person may have of his visual environment,
can lead to problems at the workplace.
Outside the working environment the user
would inevitably find such lighting in-
adequate; the lighting solution will remain
clearly inferior to the feasible possibilities.

3.1.2 Luminance-based design

A quantitative lighting design concept
that is oriented primarily towards provi-
ding a recommended illuminance level,
lacks the criteria to develop a concept that
goes beyond the requirements that
would ensure productivity and safety to
meet the needs of the architecture and
the persons using the architectural space.

In response to this problem a new
kind of lighting philosophy is developed,
as represented in Waldram’s “designed
appearance” and Bartenbach’s “stable per-
ception” models, for example. The aim of
this approach is a process that not only
provides adequate lighting for visual tasks
but is also able to describe and plan the
optical effect of an entire space.

To be able to plan the visual effect of an
environment the central reference quan-
tity has to be changed. Instead of illumi-
nance,which describes only the technical
performance of a lighting installation, it is
luminance that becomes the basic criteria
– a dimension that arises from the correla-
tion of light and lit environment, thereby
forming the basis for human perception.
Changing the central quantity to lumi-
nance means that brightness and contrast
ratios can be established for the entire
perceived space, be it between visual task
and background, between individual
objects or between objects and their sur-
roundings.

This change of criteria does not make
much difference to the lighting of visual
tasks at the workplace, since the effect of
different contrast ratios on visual perfor-
mance are known and have been taken into
consideration according to the degree of
difficulty defined for the specific visual
tasks. This does not apply for the lighting
effect in the entire space. Considering
luminance levels in this way means that
brightness ratios produced by a lighting
installation in correlation with the archi-
tecture and the illuminated objects can
be ascertained and lighting concepts de-
veloped based on the distribution of
brightness.
Designing concepts based on luminance
levels is therefore not so much a question
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Ranges of typical lumi-
nances L in interior
spaces: luminances 
outside working spaces
(1), luminances of
room surfaces (2),
luminances of visual
tasks at the workplace
(3), tolerance luminan-
ces of luminaires (4).
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colours appear particularly intense –
similar to projected slides or lighting using
framing projectors.

At first glance this appears to be a promi-
sing concept, which avoids the weak
points of quantitative lighting design and
provides criteria for a perception-oriented
design theory. Considerable doubts have
arisen from the perceptual psychology
sector, however, as to whether luminance
and luminance distribution are suitable
criteria for a lighting design theory based
on human perception. 

Luminance is indeed superior to illu-
minance in as far as it forms the basis for
perception – light itself is invisible. It can
only be perceived when it is reflected by
objects and surfaces. Luminance, however,
is not identical to the brightness we
actually perceive; the luminance pattern on
the retina only provides the basis for
our perception, which is completed through
complex processes in the brain. This also
applies to luminance scales that are adju-
sted to the state of adaptation of the 
eye or the conversion into equidistant
grades of brightness – there is no direct
correlation between the image actually
perceived and the luminance pattern on
the retina.

If luminance were the only factor 
that determined our perception, we would
be helplessly exposed to an array of con-
fusing patterns of brightness produced by
the world around us. We would never be 
in a position to distinguish the colour and
reflectance of an object from different
lighting levels, or perceive three-dimen-
sional forms. It is nevertheless exactly
these factors of constancy, the forms and
material qualities around us, that our
perception is aimed at; changing lumi-
nance patterns only serve as an aid 
and a starting point, not as the ultimate
objective of vision.
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Calculation of lumi-
nance L from the illumi-
nance E and the reflec-
tance R. The formula
only applies in the case
of completely diffuse
reflection, but gene-
rally produces good
approximate values in
practice.

Simplified correlation
between illuminance E,
reflectance R and lumi-
nance L in working 
places with visual task I,
working surface A, 
ceiling D, wall W and
partition walls S.

EI = 500 lx
EA = 500 lx
ED = 50 lx
EW= 200 lx
ES = 200 lx

LI = 111 cd/m2

LA = 48 cd/m2

LD = 11 cd/m2

LW = 32 cd/m2

LS = 19 cd/m2

RI = 0,7
RA = 0.3
RD = 0.7
RW= 0.5
RS = 0.3

L = E . ®
π



100

0,2 0,4 0,6 0,8 1,0

200

300

400

500

L (cd/m2)

®

3.1 Lighting design concepts
3.1.2 Luminance technology

lit countryside that gives rise to glare, but
– in spite of its lower luminance factor –
the pane of opal glass that prevents this
very view; a blue summer sky with a few
clouds is not a source of glare, but the uni-
form grey-white sky of a dull day in
November.

If it is not possible the find an ab-
stract definition for an “unstable” milieu,
the attempt to describe ideal luminance
patterns out of context is unsound. Maxi-
mum luminance contrast values of 1:3 or
1:10 between the object of attention and
the proximate or broader ambient field
have been laid down that confine the
lighting designer’s range of expression to
a dull average. Phenomena such as brilli-
ance and accentuated modelling, which
play a considerable role in imparting infor-
mation about materials in our environ-
ment, are practically excluded; luminance
situations such as we experience on any
sunny day or on a walk in the snow, are
considered to be unreasonable. But you can
only decide whether a lighting situation 
is pleasing or unreasonable when you ex-
perience a specific situation; luminance
contrasts on the beach are not too stark
for someone taking a stroll, but they 
will bother someone who is trying to read
a book. 

Just as the brightness we actually
perceive cannot be derived from luminance,
it is impossible to conclude the exact
lighting conditions which are necessary to
ensure good perception simply by exami-
ning the contrast range of a lit environ-
ment; the lighting designer is obliged to
examine each specific situation, the infor-
mation it provides and the perceptual
requirements of the users of the space.

The difficult aspect to evaluating the
quality of lighting concepts is the excep-
tionally vast adaptability of the human
eye: a perceptual apparatus that is able to
provide usable results at 0.1 lux on a clear
night or 100 000 lux on a sunny day, is
not substantially disturbed in its perfor-
mance by luminance contrasts of 1:100,
and is entirely capable of balancing the 
effects of inadequate lighting design. It 
is therefore not surprising that lighting
installations that do not take into account
the essential requirements of the percei-
ving person generally meet with accep-
tance. Dissatisfaction with the lighting at
a workplace, for example, is frequently
not recognised by the person concerned
as a result of poor lighting design –
criticism is usually aimed in the direction
of the innocent “neon lamp”.

Progress made in the field of lighting
design can therefore not be evaluated 
by simply differentiating between inade-
quate and optimum, or clearly correct or
incorrect lighting solutions. In the case of
the lighting of workplaces a quantitative
design concept may prove to be clearly
successful, even when the lighting is
exclusively adjusted to optimising visual

Only with knowledge of the lighting con-
ditions and with the aid of constancy phe-
nomena can interpretations be made of
the luminance pattern on the retina, and
a familiar three-dimensional image arise
from the mass of confusing parts. The
brightness ratios that we actually perceive
may deviate considerably from the under-
lying luminance pattern. In spite of its
higher luminance a grey, overcast sky seen
above a field of snow will appear to be
darker than the snow. The decline in lumi-
nance over a wall surface lit from an
angle is likewise ignored, whereas it has
an increased effect on the sides of a cube.
Colour ratios and grey values are thus
corrected in differently lit areas, with the
result that we perceive a consistent scale. 

In every case, the registering of
luminances is deferred in favour of the
constant qualities of objects, which is
inherent to our perception: the acquisiton
of information about a given environ-
ment clearly has higher priority than mere
optical images. This central aspect of 
the way we process information cannot be
taken into consideraion by a theory of
perception based on luminance, however.
Similar to quantitative lighting design,
luminance technology adheres to a purely
physiological concept, which reduces 
the perceptual process to the creation of
optical images in the eye, ignoring all
other processes that take place beyond
the retina. The information content of our
perceived environment and the interest
this environment awakens in the perceiving
being cannot be explained by this model -
but it is this very interplay of information
and interests that allows the perceived
image to be processed, the relativity of
luminances to be apprehended and the
luminance patterns in the eye to be rein-
forced or ignored.

If the aim of perception is to process in-
formation, and if it takes place depending
on the information provided, it cannot
under any circumstances be examined irre-
spective of the information content
provided by or inherent in a specific en-
vironment. In the light of this fact, any
attempt to define a set of general rules
for lighting that are not based on a
concrete situation is of doubtful validity.
This also applies to the attempt to make
an abstract definition of “stable” lighting
situations, which is what luminance-
based design strives to do.

A general definition of the conditions
required for the development of psycho-
logical glare - the most extreme form of
an “unstable”, disturbing lighting situation
- will fail due to the fact that the infor-
mation content pertaining to the relevant
glare sources is not available. It becomes
apparent that glare does not only depend
on stark luminance contrasts, but also 
on lack of information content with regard
to the surface producing the glare. It is
not the window with a view over the sun-
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Preferred luminance L
for visual tasks as a
function of reflectance
R of the visual task.
The luminances prefer-
red in the experiment
are in proportion to the
reflectance factor; they
result when the illumi-
nance level remains
constant. Consequently,
in the case of the per-
ception of visual tasks, in
comparison to lumi-
nance, illuminance is a
prime criterion.
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as an active factor in the perceptual process
– an acting subject, who can construct 
an image of a visual environment based on
a wide variety of expectations and needs.

Only when two main factors are cor-
related – the structural information provi-
ded by a visual environment and the
needs of a human being in the given si-
tuation – does the so-called pattern of
significance of a space develop. Only then
is it possible to analyse the ranking of im-
portance which relate to individual areas
and functions. On the basis of this pattern
of significance it is possible to plan the
lighting as the third variable factor in the
visual process and to design it accordingly.
The need for orientation aids varies
radically depending on the type of environ-
ment – light applied for guiding people
through spaces can be of prime importance
in a congress centre with constantly
changing groups of visitors, whereas this
task is considerably less important in
familiar environments. The decision whether
to graze the surface structure of a wall
with light depends on whether this structure
presents essential information, e.g. about
its character as a mediaeval stone wall or
whether such lighting will only reveal 
the poor quality of the plaster work.

Perception-oriented lighting design,
which is directed at the human being and
his needs, can no longer be directed in
primarily quantitative terms relating to
illuminance and the distribution of lumi-
nance. To achieve lighting that is suitable
for a given situation it is necessary to de-
velop a set of qualitative criteria, an entire
vocabulary of terms, which can describe
the requirements a lighting installation
has to meet and comprise the functions 
of the light with which these requirements
can be fulfilled.

performance. Luminance technology can
also be regarded as a step in the right
direction; the expansion of the design 
analysis from the visual task to the entire
space and the development of zone-
oriented lighting design all make for pro-
gress, and in turn have a positive effect
on the quality of the lighting.

Even if lighting solutions can be
achieved using quantitative processes that
are acceptable within the broad spectrum
of visual adaptability, it does not mean to
say that lighting has been designed that
will comply with all essential perceptual
requirements. Both quantitative lighting
design and luminance technology remain
at the level of purely physiologically
oriented design, which does not provide
any reliable criteria apart from the
isolated consideration of visual tasks.
Luminance technology is equally not able
to keep both promises – the designer’s
prediction of what the visual effect will be
and the creation of (perceptually spea-
king) optimum, “stable” lighting situations;
it is therefore not realistic to lay down 
a set of abstract criteria for brightness
distribution that do not relate to a specific
situation.

3.1.3 The principles of perception-
oriented lighting design

The main reason for our dissatisfaction with
lighting concepts based on quantitative
lighting design or luminance technology
is the fact that they adhere strictly to 
a physiologically oriented view of human
perception. Man is only seen as a mobile
being for processing images; his visual
environment is reduced to the mere “visual
task”, at the best to an overall perceptual
understanding of “table” and “wall”,
“window” and “ceiling”. Seen from this angle,
it is only possible to analyse a minor
portion of the complex perceptual process,
which comprises the eye and an abstract
comprehension of the world around us; no
attention is paid to the person behind the
eye and the significance of the perceived
objects.

Only when we begin to go beyond the
physiology of the eye and take a closer
look at the psychology of perception can
the conditions required for the processing
of visual information be fully understood
and all the factors involved in the correla-
tion between the perceiving being, the
perceived objects and light as a medium
for allowing perception to take place 
be taken into account. In a concept that un-
derstands perception as more than a
process for handling information, the visual
environment is more than just a configu-
ration of optically effective surfaces. In this
way both information content and the
structures and aesthetic qualities of a piece
of architecture can be analysed ade-
quately. Man is no longer seen as merely
recording his visual environment, but 
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3.1.3.1 Richard Kelly

A significant part of this task – a basic
description of the various functions of
light as a medium for imparting informa-
tion – was developed in the fifties
by Richard Kelly, a pioneer of qualitative
lighting design.

Kelly describes the first and basic form of
light as ambient light. This is the light that
provides general illumination of our envi-
ronment. It guarantees that the surrounding
space, plus the objects and persons in it,
are visible. This form of overall, uniform
lighting ensures that we can orient oursel-
ves and carry out general tasks. It is co-
vered to a large extent by the ideas under-
lying quantitative lighting design, except
that ambient light in the Kelly sense is not
the aim of a lighting concept, but only a
basis for further planning. The aim is not to
produce overall lighting of supposedly
optimum illuminance, but differentiated
lighting that can be developed taking
ambient light as the basic level of lighting.

To achieve differentiation, a second form
of lighting is required that Kelly refers to
as focal glow. This is the first instance
where light becomes an active participant
in conveying information. One important
aspect that is taken into account here is
the fact that our attention is automati-
cally drawn towards brightly lit areas. It is
therefore possible to arrange the mass of
information contained in an environment
via the appropriate distribution of
brightness – areas containing essential
information can be emphasized by accent
lighting, information of secondary
importance or disturbing information toned
down by applying lower lighting levels.
This facilitates the fast and accurate flow
of information, the visual environment,
with its inherent structures and the signi-
ficance of the objects it contains, is easily
recognised. This also applies to orientation
within the space – e.g. the ability to distin-
guish quickly between a main entrance
and a side entrance – and for the accen-
tuation of objects, as we find in product
displays or the emphasizing of the most
valuable sculpture in a collection.

The third form of light, play of brilliance is
a result of the realization that light not
only draws our attention to information,
but that it can represent information
in itself. This applies above all to specular
effects, such as those produced by point
light sources on reflective or refractive
materials; the light source itself can also
be considered to be brilliant. This “play 
of brilliance” can lend prestigious spaces in
particular life and atmosphere. The effect
produced traditionally by chandeliers and
candlelight can be achieved in modern-day
lighting design through the purposeful ap-
plication of light sculptures or the creation
of brilliance from illuminated materials.
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Richard Kelly, one of
the pioneers of modern
lighting design. In
projects designed by 
leading architects, 
e.g. Mies van der Rohe,
Louis Kahn or Philip
Johnson, he developed
the basic principles of
differentiated lighting
design, influenced by
stage lighting.
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In his definition of biological needs Lam
presumes that our attention is only de-
dicated to one visual task in moments of
greatest concentration. Man’s visual
attention is almost always extended to
observe his entire surroundings. Any
changes are perceived immediately, beha-
viour can be adjusted without delay to
adapt to the changed situation.

The emotional evaluation of a visual
environment does not only depend on
whether it provides the required informa-
tion in a clear fashion or whether it
withholds it from the observer – the feeling
of unease that arises in confusing situa-
tions. We have all experienced the feeling
of being disoriented in the mass of visual
information at an airport or when looking
for a specific office in a local authority
building.

For Lam the first of the basic psychological
needs for environmental information is
the need for orientation. Orientation can be
understood in this case first in a spatial
sense. It refers to how well destinations
and routes can be identified: the spatial
location of entrances, exits and what the
environment specifically offers. This
may be a reception, a special office or the
individual departments of a department
store. But orientation also comprises in-
formation about further aspects of
the environment, e.g. the time of day, the
weather or what is happening around us. 
If this information is missing, as may be
the case in closed spaces in department
stores or in the corridors of large buildings,
for example, we feel the environment 
to be unnatural and even threatening; only
when we have left the building can we
suddenly make up for the information
deficit – we establish that it has become
dark and started to rain, for example.

A second group of psychological needs
is targeted at how well we can comprehend
surrounding structures. It is important
that all areas of the spaces are sufficiently
visible. This is a decisive factor in our
feeling of security in a visual environment.
If there are niches and corridors we can-
not see into or parts of a space are poorly
lit, we feel uncomfortable and unsafe.
Dark corners, e.g. in subways or dark cor-
ridors in hotels at night, may contain
danger, in the same way as overlit areas.

Comprehension of our surroundings
does not mean that absolutely everything
has to be visible, it comprises an element
of structuring, the need for a clearly struc-
tured enviroment. We feel that a situa-
tion is positive when the form and structure
of the surrounding architecture is clearly
recognizable, and when important areas
are designed to stand out against the
given background. Instead of a confusing
and possibly inconsistent flow of infor-
mation the space thus presents itself as 
a clearly structured whole.

3.1.3.2 William Lam

With his differentiation between the basic
functions of light Kelly made a substan-
tial contribution towards the theory behind
qualitative lighting design. He provides 
a systematic presentation of the means
available. The question that still remains
open is: according to what criteria are
these means to be applied? The lighting
designer is obliged to continue to depend
on his own instinct, experience and
the inadequate support provided by the
quantitative criteria laid down in the
standards when it comes to analysing the
particular lighting context – determi-
ning the special features of the space, how
it is utilized and the requirements of the
users. 

Two decades pass, however, before
William M. C. Lam compiles the missing
catalogue of criteria: systematic, context-
related vocabulary for describing the
requirements a lighting installation has to
meet. Lam, one of the most dedicated
advocates of qualitative lighting design,
distinguishes between two main groups 
of criteria.

He first describes the group of activity
needs: the needs for information related
to specific conscious activities. To under-
stand these needs it is essential to know
the characteristics of the various visual
tasks to be performed; analysing activity
needs is therefore in line with the criteria
laid down for quantitative lighting. As 
far as the aims of lighting design are con-
cerned, there is general agreement on 
this point; the aim is to design functional
lighting that will provide optimum visual
conditions for the specific task – be it work,
movement through a space, or leisure
activities.

In contrast to the advocates of
quantitative lighting design Lam objects 
strongly to uniform lighting aligned to
the respective most difficult visual task;
he proposes a far more differentiated
analysis of all the activities that will take
place according to location, type and
frequency.

Even more important than this new eva-
luation of a group of criteria that already
existed, is what Lam calls his second
complex, which comprises biological needs.
In contrast to activity needs, which are
derived from man’s occupations with spe-
cific tasks, biological needs covers the
psychological need for information, the
more fundamental aspects of the human
relation to the visual environment.
Whereas activity needs arise from specific
conscious activities and are aimed at 
the functional aspects of a visual environ-
ment, biological needs comprise mainly
unconscious needs, which allow us to
evaluate a situation from an emotional
point of view. They are concerned with our
feeling of wellbeing in a visual environment.
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William Lam, lighting
designer and dedicated
theoretician of quali-
tative lighting design.
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architecture: in the form of a light struc-
ture, an alignment of spotlights or a light
sculpture, the lighting installation itself
can become an architectural element that
can purposefully change the appearance
of the space.

When accentuating specific areas it is not
only visual tasks that traditionally receive
attention that should be underlined.
A view outside or the presence of other
points of interest, e.g. a work of art, can 
be equally effective.

A third area consists of the balance be-
tween man’s need for communication and
his right to clearly defined private spaces.
Both extremes, complete isolation and
complete public exposure, are felt to be
negative; a space should promote contact
to other persons, while at the same time
allowing private spaces to be defined. A
private space can be created by defining
an area with light: a seated area or a
conference table within a large room, for
example, and making it stand out from 
its surroundings.

3.1.3.3 Architecture and atmosphere

Both main groups of William Lam’s criteria
describe man’s needs, his needs for a
functional and perceptually sound environ-
ment. Besides this analysis, which is based
on the needs of man as a perceiving
being, it must not be forgotten that light
and luminaires also make a substantial
contribution towards the aesthetic effect
of architectural design. When Le Corbusier
describes architecture as “the correct and
magnificent play of masses brought
together in light”, he underlines the signi-
ficance of lighting on the design of buil-
dings.

Lam’s demand for a clearly structured
visual environment comes very close to
fulfilling this task, but does not cover all
aspects. It is certainly possible to struc-
ture a space according to the psychological
needs of the users by applying different
forms of lighting. Any decision to go for
one of these approaches implies a de-
cision to create a different aesthetic effect,
a different atmosphere in the space.
Apart from merely considering the needs
of the perceiving being it is also necessary
to plan the interplay of light and archi-
tecture.

As with user-oriented lighting design, light
also has a supporting function in archi-
tecture. It is a tool for rendering the given
architectural structures visible, and contri-
butes towards their planned effect.
Lighting can go beyond this subordinate
role and itself become an active compo-
nent in the design of the space. This 
applies in the first place for light that is
not only able to render architecture
visible, but also to enhance the intended 
appearance. This applies primarily to
luminaires and their arrangement. Lumi-
naires can be discreetly integrated into 
the architecture – e.g. via recessed moun-
ting in the ceiling. The fixture itself is 
not visible, it is only the light that has effect.
But luminaires can also be added to 
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3.2.1 Project analysis

The basis for every lighting design concept
is an analysis of the project; the tasks the
lighting is expected to fulfil, the conditions
and special features. A quantitative design
concept can follow the standards laid
down for a specific task to a large extent.
Standards dictate the illuminance level,
the degree of glare limitation, the luminous
colour and colour rendering. When it
comes to qualitative planning, it is necessary
to gain as much information as possible
about the environment that is to be illumi-
nated, how it is used, who will use it, and
the style of the architecture.

3.2.1.1 Utilisation of space

A central aspect of project analysis is the
question of how the spaces that are to be
illuminated are used; it is important to
establish what activity or activities take
place in the environment, how often and
how important they are, if they are asso-
ciated with specific parts of the space 
or specific periods of time.

This will first give rise to a series of
global answers that outline the lighting
task, will frequently also indicate standard
stipulations, and form a framework for
the lighting design concept. This compre-
hensive analysis of the task – e.g. the
lighting of a sales space, an exhibition, an
office space or the wide range of func-
tions related to a hotel – gives rise to a
series of individual visual tasks, the 
characteristics of which must in turn also
be analysed.

Two criteria relating to a visual task
are the size and contrast of the details
that have to be recorded or handled; there
then follows the question of whether
colour or surface structure of the visual task
are significant, whether movement and
spatial arrangement have to be recognized
or whether reflected glare is likely to
be problem. The position of the visual task
within the space and the predominant
direction of view may also become central
issues – visibility and glare limitation
have to be handled differently in different
environments. In a gymnasium, for
example, the direction of view of people
playing volleyball is upwards, or in an 
art gallery on the vertical, or for visual
tasks in offices on the horizontal. 

Apart from the qualities of the illumi-
nated objects the visual performance of
the user must also be taken into account,
especially in the case of older people –
the eye becomes less efficient with age, and
older people are more sensitive to glare.
In individual cases, the lighting of old
people’s homes in particular, special atten-
tion must be paid to these increased
demands on illuminance and glare limita-
tion.

Light plays a central and manifold role in
the design of a visual environment. Work
and movement are only possible when 
we have light to see by; architecture, people
and objects are only visible if there is
light. Apart from simply making our sur-
roundings visible light determines the
way we perceive an environment, influen-
ces the way we feel and the aesthetic
effect and atmosphere in a space. You only
have to enter a Baroque church with its
bright and inspiring atmosphere to see
and feel what effects light can have in ar-
chitecture, or, to the other extreme, look 
at Piranesi’s paintings of dungeons with
their dark labyrinths, where the shadows
conceal a never-ending source of horror. 

Due to the adaptability of the eye ele-
mentary perception can take place at
minimum lighting levels or under difficult
visual conditions, while for optimum con-
ditions at the workplace and for a piece of
architecture to be accepted and found to
be aesthetically pleasing it is necessary to
create lighting whose qualities, illumi-
nance and luminance distribution are in
harmony with the particular situation.

One of the most frequent sources of
error in lighting design is to separate light
from its complex associations with hu-
man psychology and human activities as
well as with the surrounding architecture.
Simplified, unilateral lighting design can
provide easily compehensible concepts, but
often leads to unsatisfactory results by
overlooking essential aspects. This applies
to both purely quantitative lighting de-
sign, which might produce optimum wor-
king conditions but forgets the perceiving
being, and to primarily design-oriented
lighting, which furnishes spaces with
stylish luminaires without regard for the
lighting effects these fixtures produce.

What is really required is lighting 
design that meets all the lighting require-
ments – design concepts that form an 
integral part of the overall architectural
design and produce a visual environment
that supports various activities, promotes
a feeling of well-being and is in line with
the architectural design. The quantitative
design approach with its scientifically
sound caculations and processes is actually
a great help here; when designing lighting
for workplaces this planning process itself
may even become the primary objective.
The main criterion for lighting design is
never a figure displayed on measuring
equipment, but the human being – the de-
ciding factor is not the quantity of light,
but the quality, the way a lighting scheme
meets the visual needs of the perceiving
person.
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Three-circuit track for
mains voltage: lumi-
naires for mains voltage
and low-voltage fix-
tures with an integral
transformer can be
operated on track;
three separate groups
of luminaires can 
be switched or dimmed.

Spotlights for low-
voltage halogen lamps
with integral electronic
transformer.

Washlights for double-
ended halogen lamps,
washlight for metal
halide lamps with inte-
gral control gear, wall-
washer for double-
ended halogen lamps.

Spotlights for low-
voltage halogen lamps
with adjustable light
heads on an electronic
transformer. Compact
electronic transformers
allow the design of 
especially small lumi-
naires.
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Spotlight for low-
voltage halogen lamps
with integral, conven-
tional transformer.

Uplighter for compact
fluorescent lamps 
or halogen lamps.

Spotlight for low-
voltage halogen lamps.
The extremely small 
dimensions of the
lamp and the use of an
external transformer 
allow the design of
compact spotlights. 
Larger reflectors make
for enhanced optical
control and increased
luminous intensity.

Low-voltage track:
low-voltage spotlights
without transformers
can be operated on the
track. Power supply is
effected via an external
transformer.
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3.2.1.3 Architecture and atmosphere

Besides the requirements that arise from
how a space is used and the needs of the
users, lighting design also has to address
the requirements of architecture and 
atmosphere. In the first place the archi-
tectural building is regarded as an object 
of lighting – it is to be rendered visible, its
qualities accentuated, its atmosphere
underlined, and if necessary its effect modi-
fied. Furthermore, the architectural con-
cept also defines the basic conditions for
the design of user-oriented lighting.

Detailed information about the archi-
tecture is of particular importance for the
design of demanding lighting. This prima-
rily concerns the overall architectural
concept – the atmosphere the building
creates, the intended effect indoors
and out by day and night, the utlization
of daylight, and the question of budget
and the permissible energy consumption.

Along with this basic information 
about the project, the structures and qua-
lities of the building itself are important.
Quantitative lighting design also requires
information about the dimensions of 
the spaces to be lit, the type of ceiling and
the reflectance of the room surfaces.
Other factors to be taken into considera-
tion are the materials applied, colour
scheme and planned furnishings.

As in the case of a clearly structured
environment, architectural lighting is
concerned with lighting that underlines
the structures and characteristic features
of the building, not only from the point
of view of optimised perception, but
involving the aesthetic effect of the illumi-
nated space. The special features and
main characteristics of an environment
also present an important issue, above all
the question of the formal language of
the building – the design of the spaces and
how they are subdivided, what modules
and rhythms they contain, and how light
and luminaires are to be aligned to
underline these aspects.

3.2.1.2 Psychological requirements

Besides the objective requirements which
result from the activities performed in a
visual environment, attention must also be
paid to the demands that stem from the
users themselves. Many of these are con-
cerned with the possibility of gaining
better views of their surroundings. This
applies to the need for information about
time of day and weather, about what is
going on in the rest of the building, and
sometimes also the need for orientation
within the environment. One special case is
the utilisation of sunlight in atriums or
through skylights and light wells. The lat-
ter do not necessarily offer a view outside
but do provide information about the
weather and the progress of time is main-
tained – a changing patch of sunlight
can contribute to the feeling of life inside
a building.

Apart from the need for daylight and
views outside, which depends on the indi-
vidual project to a large extent, there is 
a changing need for orientation aids. In ex-
tensive buildings, where there are conti-
nually different groups of users, the need
for optical systems that guide people
through spaces becomes a central issue. In
some cases it is only necessary to under-
line a number of focal locations. In buildings
with simple spatial structures that are
constantly in use the need for orientation
aids is of secondary importance. It is
therefore essential to find out how impor-
tant the need for orientation is in each
specific case and which routes and areas
demand special attention.

Another psychological need that has
to be fulfilled is the creation of a clearly
structured environment. This is especially
important in areas that are potentially
subjected to danger, i.e. where the struc-
ture of the space must be easily legible.
In general, it can be said that a clearly
structured environment contributes to our 
feeling of well-being in a visual environ-
ment. In reality this means accentuating
the structure of the space, the materials
applied and the most significant parts of
the space, and above all the type and ar-
rangement of the room limits that are to
be illuminated and the information signs
that are to be emphasized.

The last factor is the need for defined
spatial zones; the expectation that you
can recognize and distinguish between
areas with different functions from the
lighting they receive. This mainly concerns
the lighting of functional areas that we
accept as typical and which is in line with
previous experience, e.g. the application 
of higher colour temperatures and uni-
form, diffuse lighting in working spaces,
but warmer, directed light in prestigious
spaces. The need for clearly defined private
areas also falls in this category; lighting
can be applied especially effectively in the
conversation areas or waiting zones 
within larger spaces to create a feeling of
privacy.
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design must submit to acoustic engineering
requirements or whether integral solu-
tions, e.g. a combination of lighting and
an air-handling system, are possible.

The real challenge behind qualitative
lighting design lies in the development of
a concept that is able to fulfil a wide
range of requirements by means of a
lighting installation that is both techni-
cally and aesthetically consistent. In con-
trast to quantitative concepts, which
derive one general set of lighting qualities
from the given profile of requirements 
for a project, which almost inevitably leads
to a uniform and thereby standard design
using light and luminaires, qualitative
lighting design must come to terms with
complex patterns of required lighting
qualities. This cannot mean, however, that
the designer responds to an unstructured
set of lighting requirements with an
equally unstructured variety of luminaires.
The well-meant consideration of a wide
range of lighting tasks frequently leads to
an unsystematic distribution of a wide
variety of luminaire types or to a conglo-
meration of several lighting systems. 
Such a solution may provide an adequate
distribution of lighting qualities, but the
value of such costly installations from the
point of view of perceptual psychology
and aesthetics is questionable owing to the
lack of harmony on the ceiling.

From a technical, economic and design
point of view the aim of lighting design
should be to find a solution that does not
go for the overall uniform lighting effect
and equally not for a confusing and
distracting muddle of lighting fixtures de-
signed to cover a wide variety of lighting
requirements, but a concept that produces
a clearly structured distribution of
lighting qualities by means of a consistent
lighting scheme. The degree of complexity
that has to be accepted depends on 
the specific lighting task. It may be that
the main requirements set by the lighting
task allow general lighting throughout
the space, or that differentiated lighting
can be achieved using integral systems
such as light structures or the comprehen-
sive range of recessed ceiling luminaires.
Or in a multifuntional space that a combi-
nation of different luminaire systems 
may be necessary. Nevertheless, the most
convincing solution is a concept that
achieves the required result with the least
amount of technical equipment and the
highest degree of design clarity.

3.2 Qualitative lighting design
3.2.1 Project development
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3.2.2 Project development

The result of the project analysis is a se-
ries of lighting tasks that are allocated to
specific areas within the space or specific
times of day, all of which form a charac-
teristic matrix of requirements for a visual
environment. The next phase following
the project analysis is the development of
a qualitative concept that outlines an
idea of the qualities the lighting should
possess, without giving exact information
as to the choice of lamps and luminaires
or how they are to be arranged.

The first task concept development has to
deal with is the allocation of specific
lighting qualities to the lighting tasks de-
fined as a result of the project analysis; to
define the lighting conditions that are to
be achieved in specific locations at specific 
times. To begin with, this concerns the
quantity and the various other criteria of
the light in the individual areas, plus
the order of importance of these individual
aspects within the overall lighting con-
cept.

The pattern of requirements acquired
in the course of the project analysis thus
gives rise to a pattern of lighting quali-
ties, which in turn provides information
about the various forms of lighting and 
the required spatial and temporal diffe-
rentiation. This is the first indication 
of whether the lighting is to be uniform or
differentiated to match different areas,
whether the lighting installation is to be
fixed or flexible and whether it is a good
idea to include lighting control equipment
for time-related or user-related lighting
control.

The allocation of lighting qualities 
to the individual lighting tasks in a project
gives rise to a catalogue of design objec-
tives, which takes into account the different
requirements the lighting has to fulfil,
without consideration for the conditions
required to realise the lighting scheme or
instructions on how to effect a consistent
lighting design concept.

A practice-oriented design concept
must therefore first describe how the
desired lighting effects can be realised
within the basic conditions and restrictions
inherent to the project. The design con-
cept may be required to correspond to
specific standards, and it must keep within
the budget with regard to both the
investment costs and the operating costs.
The lighting concept must also be coordi-
nated with other engineering work to be
effected on the project, i.e. air-conditio-
ning and acoustics, and, of course, har-
monize with the architecture. It is impor-
tant to clarify the significance of
individual aspects of the lighting for the
overall concept; whether one particular
form of lighting can justify preferential
treatment, e.g. the demand for adequate
room height in the case of an indirect
lighting installation, whether the lighting

Example of the develop-
ment of a differentiated
lighting concept (from the
top downwards): general
lighting provided by down-
lights in accordance with
the identified visual tasks,
supplemented by wall-
washers for the architectu-
ral lighting and track-
mounted spots for the 
accentuation of special
features.
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Lighting for the restau-
rant beneath the dome
of the atrium. Wall-
mounted luminaires (1) 
provide both indirect
lighting of the dome
and direct lighting of
the restaurant. 

Pendant luminaires (2)
with a decorative
component continue
the direct lighting 
in the restaurant inside
the actual space.

Lighting of the cafe-
teria. A ceiling-moun-
ted luminaire (3)
provides uniform
lighting over this level.

The lighting compo-
nents for the general
lighting in the atrium
(4) are mounted on
pillars on the walls of
the atrium. They radiate
light upwards. The light
is then reflected by
ceiling reflectors or by the
atrium ceiling, thereby
providing indirect
lighting. The pillars are
simultaneously accen-
tuated by grazing light
directed downwards.

Individual architectural
elements, e.g. the 
balastrades of the ad-
joining sales floors, 
the lift car, the upper
wall of the lift shaft
and the opening of the
atrium are accentuated
by a decorative, linear
lighting components
(6).

The free-standing pan-
oramic lift is accentu-
ated by grazing light
from below (5).
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Development of a
lighting concept for
the atrium of a large
department store. 
The representations
show two vertical sec-
tions set at right angles
to each other through
the atrium with a cen-
tral panoramic lift. 
The aim of a lighting
concept is to deter-
mine the positions of
the luminaires and the
lighting quality, with-
out defining luminaire
types or illuminance
levels.

The walkways leading
from the individual 
sales floors to the lifts
receive a curtain of
light from the direct
luminaires arranged
closely together along
the wall (7).

A series of recessed
ceiling downlights (8)
provide general
lighting in the 
adjoining sales spaces.
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