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This paper discusses how the effect of light is related to health, wellbeing and diseases, of both a mental and physical nature.
This not only concerns the optimisation of vision and the visual performance range, but also the «creation of knowledge»
as a harbinger of consciousness. Since most of the sensory stimuli that reach our brain are of a visual nature, this means
that the processing of information inputs is mainly a visual activity. This processing and the associated visual behaviour is
predominantly done in a neural way through the «visual system» and hormonally through the «non-visual system». These
processes are explained and the associated research results, some of which have not yet been published, are presented.
Results that predominantly concern the visual processes of perception also show the significance they would have if they
were actually implemented. This also applies in particular to the «non-visual system», in which the hormonal components
that are influenced by light, i.e. serotonin and melatonin, are considered in conjunction with the circadian rhythm with
regard to the implementation of daylighting and artificial lighting systems.
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B pabote o6cysrAaeTcs, KaK BAUSIHMUE CBETA CBS32HO CO 3A0POBbEM, OAATOIIOAYIMEM U PA3BUTHUEM 3200AEBAHNMI KAK IICUXV-
9YeCKOro, Tak M Ppu3nIeckoro xapakrepa. ITo KaCaeTCs He TOABKO ONTHMU3ALNMA 3PEHMS M AMANIa30HA BU3YAABHBIX XapaK-
TEPUCTHUK, HO U «CO3AAHMST BU3YAABHOTO 3HAHUSA» KaK IIPEABECTHMKA CO3HaHMSL. IT0CKOABKY 60ABLIMHCTBO CEHCOPHBIX CTH-
MYAOB, KOTOPBIE AOCTUIAIOT HAIIETO MO3I'4a, HOCAT BU3YaAbHBIN XaPaKTEP, ITO 03HAYAET, YTo 06paborra nHPOPMaLMOHHBIX
BXOAOB — 3TO B OCHOBHOM BU3YaABHAS ACATEABHOCTH, DTa 06pabOTKA M CBA3AHHOE C HEW BM3YaABHOE ITOBEACHWME IIPEUMY-
LJECTBEHHO BBIITOAHSIOTCSI HEMPOHAABHBIM 00Pa30M Yepe3 3PUTEABHYIO CEHCOPHYIO CUCTEMY ¥ TOPMOHAABHO Yepes3 «He-
BU3YaABHBIE» MEXaHM3MBL DTN IIPOLECCHI OOBACHAIOTCA M IPEACTABACHBI COOTBETCTBYIOIUNME PE3YABTATHI MCCACAOBAHNM,
HEKOTOPbIE U3 KOTOPBIX IIYOAUKYIOTCS BIEpBbIe. Pe3yAbTaTsl, KOTOPhIE IPEUMYIIECTBEHHO KACAIOTCSI BU3YaABHBIX ITPO-
LIECCOB BOCIIPUATHS, TAKIKE IIOKA3bIBAIOT 3HAYEHNE, KOTOPOE OHU MMEAN Obl, €CAM ObI OHM ObIAM PAKTUIECKN PEaAU30Ba-
HBIL DTO TAKIKE OTHOCUTCS, B YACTHOCTH, K «HEBU3YaABHOM CUCTEME», B KOTOPO! TOPMOHAABHBIE KOMIIOHEHTHI, KOTOPbIe
HAXOASTCS IIOA BAUSHWMEM CBETA, B YACTHOCTH - CEPOTOHMH M MEAATOHWH, PACCMATPUBAIOTCS B COYETAHMUN C UHUPRAAHBIMHU

pPUTMaMn B OTHOLUEHWUMU BHEAPEHMA CUCTEM AHEBHOTO OCBEIJEHMSI Y UCKYCCTBEHHOI'O OCBECILEHWMSI.

KaroueBoie croBa: cBem, 3enue, 300poBve, 3pumervrovie npoyeccol

Part 1

This paper deals with a discussion about the com-
plex effects of light medium on humans' visual and non-
visual systems.

This not only concerns good vision, but also the
creation of knowledge, which is a prerequisite for raising
awareness, and which in turn contributes to well-being
and health.

Light influences the human body, influences our
sense of well-being and maintains our health. The term
«health» is defined by the World Health Organization
(WHO) as the state of complete

— physical

— mental-emotional, and

— social well-being, and not only as the absence of
illness and infirmity.

The brain's primary function concerns the «acquisi-
tion of knowledge» and it pursues this task through the
«capacity to form concepts», writes neurobiologist Semir Zeki.

The essential foundation of this is the visual system
as a source of sensory perception, as humans receive more
information through eyesight, which is also part of our
immediate visual field of activity. We are extremely
dependent on our eyes and we live in a world that is large-
ly adapted to being able to see. In fact, more than half of
all sensory stimuli that reach our brain is of a visual
nature, says Eric Kandel in his excellent book «The Age of
Insight' 8]

[t is my understanding that the brain, with its visu-
al conceptions, and in particular that of daylight, it's
course of time, the circadian thythm that accompanies it,
it's quantity and distribution as well as the spectral com-
position and changes as the day goes by, and thus the visu-
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al information associated with it in the surrounding envi-
ronment, has a significant influence on our behaviour.

In my use of language and in my texts, «good light»
means that high visual acuity and visual performance are
essential criteria for our lighting technology. In addition,
visual perception, ie. recognition and the ability to pay
attention and thus the expansion of what is conscious and
unconscious, which in turn results from the processing of
information in our brains, is a higher dimension and
largely determines our behaviour.

«Good vision» is important, but is only an atten-
dant component in the visual system. If vision is good, the
processing of this «foveal field of vision» occurs via the
neuronal nervous system and serves primarily to convey
information. The neuronal processing occurs instantly.
The visual system also adapts in order to meet varying
visual conditions and copes with enormous differences in
brightness during the day and at night, which range from
EaSun ~100,000 Ix in the direct sun to EaNight ~0.1 Ix at
night. Our visual organ is capable of adapting to these
conditions and to continue seeing.

The Visual System

The visual system refers to the visual processes that
humans have. Its components are:

* Visual performance

* Visual perception

* Attention

* Information processing

When we refer to the visual system, we are con-
cerned with optimising visual performance and the nec-
essary prerequisites that lead to «good vision».

The key factors here are:

— The criteria of contrast sensitivity

— Adaptation processes

— The conditions of stable perception

Closely linked to this are:

— Luminance classification for the inner retinal
and surrounding area in their visual field areas and their
positioning

— The significance of textures and colour and
their position in the visual space

Since about 80 per cent of the information
processed by humans is a result of visual perception, the
visual system's autonomous processes are crucial for the
determination of good vision.

The mechanisms and processes of involuntary and
divided attention are largely autonomous and uncon-
scious. They are almost exclusively influenced by the veg-
etative nervous system. In order to gain or increase
knowledge, however, focused attention and the creation
of consciousness are necessary.

The range of visual information is so large that it
cannot all be processed at the same time, as perception and
processing would become diffuse. Selective attention
reduces this range of information so that it can be processed.

Stages of light integration
in an overall visual experience

Physiological mechanisms and principles

Sub-conscious - vegetative
Ecological components
[~ INFORMATION
Partially conscious (archaic influenced)
. Psychological processing
MILIEU / MOOD
Conscious (partial perception)
Integrative

~= OVERALL VISUAL EXPERIENCE
Experience of "light and space"

Fig. 1. Stages of light integration in an overall visual
experience

The processes that lead to the optimisation of visu-
al performance, ie. «good vision», are adaptation process-
es, stable states of perception, contrast sensitivity and
visual acuity, etc., as opposed to the visual physiological
components. Flawless visual processes of optical percep-
tion as well as those of attention processes involving visu-
al tasks and visual information are therefore prerequisites
of well-being and health.

This includes the influence of the spatial visual
environment, with its colours, textures, material surfaces
and optical appearance. The resulting light and spatial
environment has a significant influence on wellbeing.

These relationships are shown in the following
diagram (Fig. 1).

Because the visual detection of an optical situation
(space) is a complex mental process, it is necessary to
approach the actual appearance of a space in several dif-
ferentiated phases (Fig. 1). This process can be dealt with
in the reverse fashion as well, as in many cases spatial con-
cepts and appearances are determined by the owners of
buildings and their architects.

In conceptualising lighting and spatial environ-
ments, it is important to realise that with visual percep-
tion and its processing operations, unconscious
(autonomous) as well as conscious processes linked to
awareness are involved.

Mental duress leads to fatigue and stress and can
make a space uncomfortable. This can be caused by inappro-
priate lighting, textures or colours, and can lead to an inap-
propriate lighting and spatial environment. In addition there
are disturbances caused by glare, which can be physiological-
ly caused, but above all also by distraction and a reduction of
attention, which then influence the state of consciousness.

One of the most important prerequisites is the bal-
anced allocation of brightness for visual tasks. These con-
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Fig. 2. Luminance ratios between task area and sur-
roundings for stable visual conditions

siderations are part of the visual system. In addition, there
is a change in the hormonal balance, which is part of the
non-visual system.

As can be seen by looking at standards, the qualita-
tive assessment of lighting is still based primarily on
quantitative criteria. Although physiological components
of vision are taken into account, they are not sufficient for
us to have a true understanding of the complex process of
visual perception.

This is necessary, however, in order to obtain objec-
tive findings on the basis of which the lighting qualities of
rooms can be assessed with regard to various require-
ments (use, activity, visual tasks). An essential aspect is
therefore to incorporate the findings of visual perception
into planning processes, especially in the design and cre-
ation of the lighting environment.

For this reason, the focus in the design and cre-
ation of lighting environments should be on the aspect
of visual perception. The individual components of the
perception process can thus be used to extend the
assessments of spatial appearance. The importance of
design-related constraints such as colours, textures,
materials and furnishings, etc. can be duly incorporated
in order to be able to plan a holistic, integrative appear-
ance on a visual basis.

Through the neurophysiological mechanism of
adaptation, the eye autonomously (for the most part
unconsciously) adjusts its sensitivity to brightness in
response to constantly changing light conditions in its field
of vision. Thus, fluctuations in brightness are seen as a
largely invariant quantity. This is the primary prerequisite
for a constant, ie. relatively continuous, perception of space.

The condition that brightness (L) becomes an
invariant is the «constancy of brightness through adapta-
tion». This range is considered to be achieved when the

Fig. 3. Ergonomically relevant structure of the visual
field in its spatial sub-components using the example of
a computer workstation

adaptation process has reached its final state under the
given luminance conditions.

In order to optimise the basic sensations of vision,
and due to the changes that accompany active behaviour,
it is necessary to stabilise the visual field of perception.
The task area is surrounded by the spatial environment,
which is visually included and defined by the field of
vision. These relationships are shown in Figs. 2 and 3. The
theoretical luminance model (Fig. 2) makes it possible to
define an objective relationship between Li (task lumi-
nance) and Lum (surroundings that need to be deter-
mined for the conception and implementation of the
planning process).

Interrelationships such as the ones shown above
are frequently used in planning processes on actual pro-
jects, especially concerning office lighting (computer
workstations). Tests carried out with many test persons
(up to 40 people) have led to the recommended lumi-
nance ranges shown above and have also been described
in a number of articles.

These results are shown in the series of images
here, and the test methods used are shown in the table
and Fig. 4. These results clearly show that if the luminance
distribution in a space is not within the stable range of
perception, effects on a person's health can be expected,
which will particularly impair people's well-being.

The following models of optical perception and
information processing were used as a basis for our
research activities.

Test Room
Quantitative recording of psycho-physiological

stress exposure under variable luminous ratios between
task area and surroundings (Fig. 4, 5).
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Fig. 4. Test room

Fig. 5. Test room

More than 30 lighting variations based on perfor-
mance and fatigue variables were compared and a total of
approx. 1400 persons (random sampling) were tested.

Some of the results (Fig. 6—7).

Dependence of visual performance on the colour
locations. The results of these tests show (Fig. 8) that with
objective methods of measurement, higher colour loca-
tions at computer workstations lead to significantly high-
er visual performance (objective test). The subjective test
methods (surveys — semantic differential) allow us to
make no significant statement, as shown in Fig. 9.

This assessment shows that, despite the high
absolute TQ due to the high luminance of the window's
surface (outside world), the clear window has similar val-
ues to the shaded window, which receives low task area
values but also indicates a low self-luminance of the sys-
tem. The window with the deflection system shows suffi-
cient task area brightness of TQ ~3 per cent, which is
lower than the values of the clear window but still has a
luminance of 200 to 300 c¢d/m* of the window — which
corresponds to the range of stable perception (the system
was developed for this purpose) and thus shows the high-
est mental performance and least amount of fatigue.

Summary of Visual Performance,
the Visual System

Visual performance is largely networked with the
«autonomous processes» that control our visual processes.
Through the focused area, the task area, the directed
attention processes and awareness is stimulated.

As far as the processes of «conscious-unconscious»
can be generally separated, and whether the emergence of
states of consciousness occurs abruptly, ie. is a threshold phe-
nomenon or whether there is a smooth transition between
unconscious and conscious states, is unclear (the neurologist
Gerhard Roth says he thinks the latter is probable).

One can assign criteria of stable perceptual process-
es to the autonomous visual process. They form the basis for

optimising the visual perfor-

7.6 7.6 , ;
74r Sehaufgabe: Farbkontrast-Erkennung 174 manc.e and ar.e al'so the basis for
72t ohne Blickwechsel auf Vorlage _ 172 creating a lighting and room
nor 170 environment that is appropriate
g 188 | to the task and supports well
66 166 o the task and supports well-
T 64r \ 164 being and health.
§B 621 \ 162
= by 6,0 Y 1 6,0 .
“E’E 58 F - {ea The Non-Visual System
3 o N - - :
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50 F 150 (timing system) has another pur-
481 148 pose. It measures the slow fluctu-
46 1486 . . . .
44t 144 ations in luminance during the
42t 142 day and at night and reacts to the
&0 : : : ' : ' ' 4.0 retina's «photosensitive ganglion
Zeitverlauf cells», which are able to absorb

Fig. 6. Ratio of L, to L, based on skin conductance (stress level) over time

light as an independent type of
receptor. They are distributed
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Fig. 8. Dependence of visual performance on the colour
locations.
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Fig. 10. 1 — Glare protection: Side window with screen
(principle of shading); 2 — Clear window; 3 — Deflection
vein: Mirror reflector elements and sun protection with
ambient luminance (principle of light deflection)

over the entire retina and have the largest receptive fields
in the retina, enabling them to efficiently collect light that
provides information about light and darkness. They also
receive input from the cones and rods and are thus part of
the «visual system», and contain the light absorbing pig-
ment melanopsin.

The photosensitive ganglion cells, which were first
discovered in the last decade, act as a third type of pho-
toreceptor alongside the cones and rods. They react in a
less sensitive way and are much slower to light stimuli
than the cones and rods' visual system, making them
unsuitable for image processing.

They are, however, able to continuously respond
to constant exposure, but only that with high intensity
(daylight). This distinguishes the photosensitive gan-
glion cells, the third type of receptor, from the cells of the
visual system (cones and rods) and they process and act

differently as well, making them

Stdbchen, Zapfen

C (intrinsisch photo-
sensitive retinale Ganglienzellen)

part of a non-visual system.
These photosensitive ganglion
cells are connected to the SNC
(nucleus suprachiasmaticus, ie.
the inner clock), which moni-
tors the circadian rhythm of the
body as a central timer (Fig. 11).
It has been determined,
that circadian rhythms such as..
sleeping — waking
rest — activity
influence on hormone control
such as melatonin,
serotonin, cortisone
digestion-detoxification

ultradian rhythm such as,
e.g. breathing,

Fig. 11. Visual and non-visual effects are based on different receptors (Source:

Osram).

heart, brain activity
infradian rhythm, such as

weeks, months, years, daily
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.are controlled by this central internal clock
(SNCQ). Since each cell has an internal clock and we con-
sist of trillions of cells that have corresponding rhythms
according to their functionally determined area, they are
controlled and synchronised by the central clock (SNC).
Just as a conductor leads his orchestra and acts as the
timer, light via the SNC acts as a timer for our inner clock.

Bright light is one of the strongest timers.
Especially daylight, with its rhythm, its distribution and
its changes. The light that enters the eye is decisive, i.e. the
vertical illuminance at the eye (EVA), which is the crite-
rion for the light flux that enters the eye.

The question arises as to what is connected to the
term «bright light» that is necessary to activate and bring
to bear the third photoreceptors (photoreceptive gan-
glion cells), which serve as the basis of the non-visual sys-
tem and the circadian rhythm? This is extremely impor-
tant for the planning process, as knowledge about
quantity and type of light used to achieve the desired
effect is necessary and can be defined to a large extent.

Since it seems to be essential, as shown by research
results and other chronobiological activities, that «light
with sufficient brightness and a suitable spectrum» is
available, according to daylight and its changes through-
out the day, the circadian rhythm that occurs in our
buildings — is stabilised by our inner clock and the
timers. Daylight is the strongest and most important
timer, but there are other strong timers inside buildings,
other people and structures during the daily routine, such
as a regular daily routine with fixed times for..

work — social contact — leisure activities — meals, etc.

These structures of time information keep our
«inner clock» stable, in a 24-hour time rhythm. Regarding
the internal clock (SNC), chrono biologists also see the
central control of a higher-level pacesetter, whose prima-
1y task is to..

* repeatedly coordinate the complex human
organism and the inner clock it has for its cell structure

* synchronise the inner clock with the outside
world, e.g. every morning this pacesetter receives time sig-
nals (like a radio-controlled clock) via the timers in order
to synchronise, e.g. switching to active during the day and
less active during the night

* prevent disruptions: in the case of long-lasting
disruptions, it once again begins to coordinate things with
the external world

M Melatonin
B Korpertemperatur

Cortisol
B Aufmerksamkeit

6 12 18 24 6 12 18 24 [
Uhrzeit

Fig. 12. Circadian rhythms of cortisol, melatonin, atten-
tion and body temperature

* prepare for upcoming events, e.g. during sleep
to prepare for the «waking state» in the morning.

And thus, the foundation for the optimisation of
the non-visual system and therefore for well-being and
health has been laid. It can also be said that health will be
influenced if internal or external harmony and order are
inhibited by physical, mental or social processes.

In real terms, this means a corresponding expan-
sion of the design of daylighting and artificial lighting,
and the resulting requirement with regards to the type of
daylighting openings (e.g. skylights) there should be with
daylighting systems and the necessary building structure
that «lighting design» requires.

The SCN (suprachiasmatic nucleus) is the anatom-
ical domicile of the biological clock. It checks and coordi-
nates, together with a semi-autonomous system with
inner organ clocks, numerous daily rhythms, «vegetative
functions» and the hormonal blood level using a hierar-
chically structured system.

The rhythms shown in Fig. 12 modify sensations
and states of mind, and thus form the basis for daily
rhythmic patterns of behaviour [2]. Synchronising factors
in the environment are called timers, and as already men-
tioned, the decisive human timer is daylight and the
rhythm inherent in it.

The second part of the paper will be published
in the next issue of the journal.
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