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Abstract
In order to avoid the disadvantages of purely subjective methods in a technical evaluation of daylight and artificial light systems, the Bartenbach
LichtLabor developed new test methods which can determine objectively and
quantitatively the visual or psycho-physiological stress connected with VDU
work [1], depending on different lighting conditions. Daylight and artificial
lighting systems were tested with these methods and compared by using the
performances achieved by the test subjects. Some highly significant differences in performance done under the individual lighting systems became apparent and demonstrated that the visual stress or the physical or physiological
fatigue from an ergonomic viewpoint depends largely on the lighting conditions at the workplace. This holds true for daylight systems (glare protection,
re-directing lamellae, clear window as a control condition) as well as for purely artificial lighting systems where especially the choice of color temperature of the light and the used control gear (conventional or electronic) determine the resulting performance. Optimized lighting also positively affects the
productivity and economicy for the design of workplaces that take the human
factor into account.

Fig. 1 Ground-floor Plan of the testing facility.
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1. Introduction
For about two years now the perception-psychology department of the
Bartenbach LichtLabor in Aldrans near Innsbruck has done systematic research on the influence of different lighting variations in offices on the psychophysical or mental stress of people who work at VDUs. Great emphasis is
placed on the objective and quantitative measurement of visual stress versus
relief in an actual performance situation. The test methods which were developed measure each time one specific partial performance from the wide range of visual tasks that are connected to VDU work. Under the conditions of
installed daylight and artificial light system, these test methods measure,
among others, the following performance variables:
•
•
•
•
•
•
•
•

certainty of perception and speed of perception for VDU work;
degree of attentiveness;
stress capacity of attentiveness;
attainment of an overall perspective of the VDU;
detailed stimulus differentiation;
concentration capacity;
carefulness in looking back and forth between screen and manuscript;
certain factors of short-term memory.

Based on the data of these variables, lighting systems are compared with each
other in order to analyze the stress factors and to determine which lighting
conditions are the most favorable for minimizing visual stress. The tests were
done under virtual field conditions in order to eliminate the disadvantages of
a classical field study and to benefit from the advantages of a lab study. For
this purpose, actual office spaces were constructed as test spaces in which the
lighting systems could be changed and where desired and undesired influence
factors could be systematically controlled and altered: for example, the
position of a seat within a space (facing the window or turned sideways), the
reading conditions of VDUs (color or monochromatic, positive or negative
representation, tests with or without manuscripts, manuscripts on a stand or
on a desk, glossy or matte manuscripts). In connection with lighting systems,
the influence of these variables on the performance or the development of
performance (duration of test: 4-5 hours) was measured using the methods
described below.
2. Description of Tests and Measured Variables
Because a true measurement of performance gives performance comparisons
between the selected lighting systems, a higher degree of quantitative precision, a decision in favour of quantitative methods of measurement rather
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than totally subjective surveys (such as evaluation scales based on self-observation) was made. However, a subjective evaluation of the test spaces by the
test subjects was not omitted since the qualitative light environment and the
individual overall impression of a space cannot be fathomed by performance
values alone.
2.1. Survey of Subjective Impressions of Lighting Systems
The evaluation was done with a semantic differential of 28 pairs of bipolar
attributes which, for the purpose of factor analysis, were used for the survey
of 40 test subjects. The research tool of a semantic differential makes it possible to determine the general “human” character of a space as it is experienced
by its users. The individual evaluation dimensions were formulated in such a
way that they would necessitate a view of the space as a living whole. This
measured the emotional willingness to accept the space, with the advantage of
finding an unconscious psychological rapport to the space.

Fig. 2 Comparison of the evaluation profiles of two different
lighting systems produced by the semantic differential.

Figure 2 shows the evaluation profile of a space with artificial light (HQI/TS
[high-pressure metal vapor lamps], 70 Watt, warm white light color, conventional control gear) in comparison with the profile of a space with daylight,
reduced window luminance and even light distribution (perforated re-directing lamellae with re-directing ceiling). One can see that the daylight space is
described throughout as having a significantly livelier character than the enclosed space with artificial light.
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2.2 Objective Measurements of Performance
Although it might be meaningful to establish to what degree differences in
evaluation and acceptance can be verified by quantitative data for performance, and although subjective evaluation might serve as a secondary control
tool, priority must be given to quantitative measurement of performance levels and their comparison. It was for this purpose that the test methods listed
below were developed by the Bartenbach company. This required a development stage that lasted a year because the theoretical criteria for quality
(reliability, validity, objectivity) had to be optimized through calibration, and
because we also had to establish an appropriate degree of difficulty.
The close relation of the visual test demands to actual VDU work ensures that
the results can be generalized vis-à-vis the actual demands of real work (external validity). The test subjects were compensated for their participation; a
factor which led to a corresponding motivation and a willingness to make an
effort. The analysis included six test methods whose individual variables each
measure a significant essential component of mental or visual stress (or relief)
in connection with the lighting of workplaces (here mostly VDU stations):
PRT: Primary test
• Precision and speed of word recognition on a screen as performance of
figure-background-vision;
• Example: proof-reading of text;
• Dominance of the primary infield; secondary infield as context;
• The test field on the screen is divided into four individual fields each
possessing a different contrast of representation. The positive (i.e., the
correct reactions) are evaluated separately for each field (upper left, upper right, lower left, lower right).
LVT: Line tracking test
• Global vision. Global-figurative perception of “gestalt” related to purely
graphic pictures without cognitive content. Highest demands made on
overviewing;
• Example: CAD stations;
• Dominance of secondary infield.
BRV: Comparison test dealing with string of letters
• Developed on the basis of the QDO-Test;
• Detailed stimulus discrimination; foveal difference vision, perception
speed of fixed stimuli on the screen and on the manuscript. Precision of
the time/space behaviour of a fixed and a changing view in a mostly horizontal direction;
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• Example: Comparison of VDU contents with data on manuscripts;
• Dominance of the primary infield;
• Since the BRV is evaluated separately for each quarter of the test, it is
possible to detect performance fluctuations during the duration of the
test (increase, decrease).
AT: Transcription test
• Controlled change of view between given stimulus and reaction result;
• Care in changing view; economy in changing view. Exact perception of
word and sentence image in the manuscript and on the screen;
• Example: Transferring texts (manuscripts) onto the screen (wordprocessing);
• Dominance of the primary infield;
• The AT mostly counts the number of typing errors which can be attributed to fast and to uncertain visual registration of the visual content (=>
fatigue). The test is administered in two (or four) blocks of 80 one-syllable German nouns each of which also contains capital letters.
PT: Screen Position test
• To assess and establish the relative stimulus-position in comparison between manuscript and screen;
• Topological transference of structure;
• Horizontal and mostly vertical gliding of view;
• Example: Creation and structuring of tables:
• Dominance of the primary and secondary infield.
TUT: Test involving overviewing of tables
• Rapid registration and comparison (manuscript - screen) of highly complex stimuli in a preset structure of order. Achieved overview and visual
resolution of existing orders;
• Example: Calculation of tables;
• Dominance of the secondary infield;
• Because the speed of registration and perception is of central importance
here, mostly time variables are measured (reaction time, processing
time).
3. Fatigue Measurements
Inadequate lighting represents a physiological and psychological interference
factor whose effect of stress begins relatively early in the unconscious, but is
experienced consciously only as it increases. With the choice of the cybernetic
flicker blending frequency analysis, a method was chosen which could measure quantitatively and objectively the vegetative-cerebral degree of fatigue of
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test subjects in connection with VDU work and with dependence on installed
luminaries.
The controversy surrounding this method might be due to the fact that the
current adaptation condition of the eye is given too much weight with
individual or single measurements. This influence was reduced to a statistic
inconspicuousness by taking pre-test measurements after a phase of adaptation
to the space that lasted 5-10 minutes during which the test subjects were informed about the course and the goal of the tests. In addition, only arithmetic
averages from measurements of 30 people were compared and used in further
calculations; in this way a so-called “runaway” could not noticeably influence
the average. In order to analyze the fatigue gradients over time, the vigilance
measurements were carried out before and after the tests. The time span of 45 hours in between was necessary to complete the entire battery of tests.
Because the flicker blending frequency depends on the size of the stimulated
area in the retina, the blending frequency was measured throughout for three
flicker point sizes. Furthermore, the measurement is done cybernetically,
meaning that the blending frequency is approached both from increasing and
decreasing directions.
For each test subject, six individual fatigue values were measured on the basis
of the flicker blending frequency analysis. The differences (i.e. gradients)
between the measurements before and after were then used for the statistical
data analysis. Positive as well as negative values (differences) are possible
because, with a high blending frequency, a low degree of fatigue can be
recorded and on the other hand a decreasing blending frequency goes hand in
hand with increasing, mostly still unconscious fatigue. If a negative fatigue
gradient is designated here as “recovery”, e.g. with eVG [electronic control
gear], is does not signify a steady decrease of visual fatigue but rather a
statistic average which indicates an evenly high and constant cerebral level of
activity (vigilance).
4. Comparison of Daylight Systems: Partial Results
With the help of the test series TL8-TL12 (fig. 3-7) done on 30-40 test subjects, the following daylight systems were studied with regard to their effect
on the performance capacity and fatigue of the test subjects who were doing
VDU work:
a) glare protection in the form of a relatively closely-woven cloth blind;
b) clear window with no sun-protection system;
c) unperforated re-directing lamellae (bright on the inner side) with redirecting ceiling;
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d) perforated re-directing lamellae (grey on the inner side) with re-directing
ceiling;
e) like d) but only on the upper half of the window.
The distribution of the daylight factor (TQ) for the individual systems is
shown in fig. 3.

Fig. 3 Daylight distribution for all tested daylight systems
(clear window, perforated lamellae, etc.).

It shows very different, i.e. partially very uneven, distributions of daylight
factors for the aforementioned systems. In particular, the clear window (with
no shading system) gives too much light in its vicinity and too little light in
the depths of the space. To reduce the window's luminance to 50-200 cd/m2,
a textile, partially transparent, glare-protection device was chosen which on
the whole was too dark (i.e., creating an overly low level of illumination in
the space). The best system in relation to the level and evenness of the daylight factor is the ULG system [perforated re-directing lamellae], provided it
is installed over the entire window front. If it is only mounted on the upper
half of the window (ULGho [perforated redirecting lamellae, high]), it practically loses its effect and exhibits a disadvantageous distribution of daylight
factors similar to that of the clear open window. The general level of lighting
and the type and degree of balanced distribution of luminance have a decisive
influence on the quantity and quality of performance, especially with regard
to the visual environment of VDU work stations. Figure 4 shows these differences in relation to the horizontal illuminance of the desk surface.
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Fig. 4 Fluctuation ranges of horizontal illuminance (x-axis) and evaluated
quantity of performance (y-axis); comparison of daylight systems.

Although the “bright variations” (KF-oS [clear window without a system],
ULGho) produce illuminance levels of 300-800 lux, the recorded performance levels are as bad as with the dark glare protection device which only permits an illuminance of 50-200 lux at the desk. However, it is not the luminance itself that seems to form the parameter for the performance but the interaction of the system's luminance with the distribution of the light inside the
space. The perforated re-directing lamellae are able to combine these parameters best, resulting in significantly higher mid-level performances than
those of other tested systems. That the horizontal illuminance alone does not
determine performance becomes apparent when the system is kept relatively
constant (200-300 lux). Even then the ULG re-directing system comes out
ahead because the system's luminance and the evenness of distribution apparently interact in a most advantageous manner (fig. 5). The fatigue gradients
also indicate clear results which favour the re-directing systems (lamellae,
louvers). Whereas the clear window and the glare protection device produce
excessive stress on the eye (fatigue positive), due to their overly high or
overly low luminance (adaptation glare), the re-directing systems (with or
without perforation) cause fatigue values that are consistent with a constant
and relaxed level of activity (fig. 6).
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Fig. 5 Evaluated performance (y-axis) in the tested daylight systems for
equally high illuminance (200 to 300 lux) of the same workplace.

Fig. 6 Fatigue gradients for four tested daylight systems.
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Fig. 7 Allocation of test subjects with good and bad performances to the
tested daylight systems.

Fig. 8 Test-specific reaction times in the tested daylit spaces.

Proceedings 7th EFA-Conference • Florence 1999 / 16

If one ranks the performance categories of all test subjects from all tested
spaces and divides them at the median, one can establish the percentage correlation of people with bad performances and those with good performances to
specific spaces (i.e. daylight systems). This relates the distribution of people
with bad and good performances to the individual spaces (fig. 7). We can
clearly see that the test subjects with good performance results (i.e., with high
reaction speed, high work speed and few mistakes (many correct reactions)
were working for the most part in the space with the perforated re-directing
system. If we just examine the reaction time, we notice the same trend in favour of the perforated re-directing system in combination with a re-directing
ceiling because the reaction times are significantly shorter than in the listed
comparison spaces (fig. 8).
The productivity of a work task that is represented here by the test performance reaches its optimum if few mistakes are made at a relatively high speed
of work. If every test subject from all types of spaces is represented by a
point which equals the median work speed on the x-axis and the median number of mistakes (in all tests) on the y-axis, for every system we obtain a locally concentrated cluster which expresses the quality of the daylight system with
regard to the combination of work speed and errors (fig. 9).

Fig. 9 Cluster pattern of test subjects from the tested daylight systems according
to work speed and number of errors made.
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Here we can once again observe that the ULG system is in first place with a
relatively high speed of work and the lowest scores of mistakes, whereas the
glare protection device is characterized by the slow work speed of the test
subjects who nevertheless made the highest number of mistakes during the
test. Often the question is posed whether daylight can be substituted by artificial light in all contexts or whether daylight is principally better than artificial light. This can only be answered in the affirmative if daylight is controlled in the same way as artificial light. With regard to their suitability for
reduction of visual stress, the different daylight systems vary as do the different artificial light systems, mostly in their dependence on the color temperature of light. The performance differences (correct reactions) in different
versions of artificial light were clearly manifested in the case of mirror-grid
lamps (with conventional control gear) suitable to VDUs for common light
colors (color temperatures / fig. 10). The best color of artificial light is still
significantly inferior to daylight if window glare is avoided and the distribution of light in the space is evened out. Compared to rather bad daylight environments (clear window, open; glare protection: too dark), good artificial
light conditions are quite able to produce higher performance levels and less
fatigue.

Fig. 10 Specific comparison of test performance (differentiating detail vision) between daylight systems and three types of artificial light (fluorescent lamps with the
light colors bright white, neutral white and warm white; electronic control gear).
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5. Studies of Artificial Light: Partial Results
The present study deals with the question of whether the effects of artificial
light from gas discharge lamps (fluorescent tubes) on the visual and psychophysical stress or relief of people differs between fluorescent tubes with
conventional standard control gear (50 Hz flicker frequency) and tubes with
electronic control gear (high frequency; 20.000 Hz).
5.1 The Influence of Control Gear for Linear Fluorescent Lamps
on Visual Work Performance
Since all tests were performed at VDU stations with monochromatic screens
having positive contrasts (white background; black letters) as well as with negative contrasts (black background; bright letters), and also with a common
color display, the results are significantly representative of all such screen
conditions. In this context, it should be mentioned that the performance differences of the control gear were, in the case of color monitors, even significantly more favorable in the electronic version.

Fig. 11 Performance differences related to variables which can only be attributed
to the difference in control gear (conventional vs. electronic) because lamps and
fluorescent agent remained the same (comparison of correct test reactions).

For visual tasks which require holistic structural overview (fig. 11: LVT; fig.
13: PT), differences in performance could not in general be detected between
eVG [electronic control gear] and kVG [conventional control gear]. However,
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if one specifies the results solely for color displays, highly significant performance improvements are evident even for global gestalt-perception. In the
case of true monochromatic displays, we can see that the electronic control
gear improves the performance levels of speed and certainty of word recognition, particularly in the case of negative displays. This might be due to the
fact that a dark screen background is substantially more susceptible to distracting reflection glare which causes the flicker of fluorescent tubes with kVG to
be reflected much more strongly on the screen and thereby be “transmitted”
to the eye. Because a significant overall test result (e.g. PRTGESPO [total of
positive responses in the primary test]) does not convey anything about the
course of the performance, it was very informative to look at the primary test
(PRT) in three segments. In comparison with the kVG, the eVG proved to
have much higher start values (PRT_1_D: first test segment) as well as significantly better performances at the end of the test related to endurance
(PRT_3_D: third test segment).

Fig. 12 Comparison of fatigue parameters for electronic and conventional control
gear systems: negative fatigue differences in the case of electronic gear indicates a
lower vegetative fatigue and a more even level of activity.

This result is consistent with the fatigue measurements which showed for eVG
a continuous, even cerebral alertness in the sense of “relief” so that an unconscious activation could not cause a downward trend of performance, as in the
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case of kVG. This is clearly shown by the negative differences of flicker
blending frequencies (measured values after the test minus the measured values before the test) for eVG (fig. 13). This superiority of the electronic control gear in particular has an effect on those visual tasks which are characterized by a dominance of the primary infield, i.e., those tasks which require a
(foveal) vision differentiating details even if the visual target field alternates
continuously between screen and manuscript. The significance of the BRV results [string of letters comparisons] allows us to conclude that the electronic
control gear, after the start of visual “work” (BRV2VIER [results of the
second test quarter]), causes a significantly higher quantity of performance
which is practically maintained until the end of the test (BRV4VIER [results
of the fourth test quarter]). In the case of conventional control gear, on the
other hand, the median productivity lies substantially lower in absolute terms.

Fig. 13 Differences in performance related to variables which can only be
attributed to different control gear (conventional vs. electronic) since lamps and
fluorescent agent remain the same (comparison of the number of errors made, of
reaction speed and time needed for job completion).

The design of a so-called transcription test (AT) must ensure that the
linguistic cognitive text components, particularly the syntactic ones, are diminished in relevance so that the elementary perception process can “respond”
by itself to the independent variable (eVG/kVG), thus better the highlighting
the differences. Recurring mistakes can thus be attributed unambiguously to
the visual conditions (here: lighting). Transcription further entails a successiProceedings 7th EFA-Conference • Florence 1999 / 21

ve reproduction of an original which necessitates constant change of
viewpoint for comparison between the given stimulus (original manuscript)
and the result of the work (screen). Under these conditions, typing errors can
no longer be exclusively attributed to an insufficient or wrong motoric
process; rather they are the consequence of reading mistakes (i.e., perception
mistakes) related to the original manuscript which are then only put into
effect when typing. Figure 18 impressively indicates that with eVG the
number of mistakes even decreases over time (ATB2_FE [mistake score in
second block of copying test]), whereas the opposite trend is evident with
kVG (ATB1_FE, ATB_2FE) resulting in a highly significant difference in
mistake scores at the end of the test, the result favouring eVG (no fatigue).
When reaction times for the recognition of minute differences between
complex stimuli pattern on the screen and the manuscript are measured, the
electronic control gear is far better than the conventional one (TUT_DRZR
[average time for correct reactions in test involving overview of tables]; TUT
DRZG [average time for all reactions in the same test]). This is equally valid
for the total processing time (TUT_ZEIT), i.e. the work speed, which in turn
indicated more stamina of perception and a higher certainty of perception
under “eVG”.
The performance differences between eVG and kVG that were proven with
this study could also be explained by the latent flickering of low frequency
tubes which signals, a kind of danger which the organism tries unconsciously
to escape by excessive physiological tension (stress; stimulation of the
sympathetic nervous system) which, under “kVG”, causes an uneconomical
development of performance reserves. A high-frequency light source,
approximating daylight in this regard, does not get the human organism ready
to turn (something which requires maximum performance only for a brief
time), but “switches” the vegetative system to endurance (parasympathetic
stimulation) and conserves high capacities of concentration and attentiveness
over long periods of time. Some light therapies exploit this fact. One can
expect less psycho-physical stress on working people under artificial light
with electronic control gear; this guarantees more work satisfaction, fewer
mistakes and a higher productivity.
5.2 The Influence on Visual Work Performance of the Color
Temperature of Light from Linear Fluorescent Lamps
The color temperature of a radiation which is perceived by human beings as
light or illumination means, in its physical definition, simply the color of
light radiating from a light source. It is expressed in Kelvin degrees and
refers roughly to that light color which a heated body (Planck's Radiator) has
at a certain temperature. In this sense, warm red light has a low color
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temperature and cold blue light a high color temperature. The light
environment at a workplace is therefore decisively determined by the warm
or cold color of light, particularly from artificial light sources, and has
(according to the tests that were done) influence on the resulting performance
of visual tasks which must be accomplished fast and without mistakes on
VDUs. For this purpose, visual performance was statistically compared for
three common light colors (color temperature) of linear fluorescent lamps
with electronic control gear. The light temperature with warm white (Philips
83/36 W), bright white (Osram 21/36 W) and daylight white (Osram 11/36
W) was chosen as an independent variable. The dependent performance values
are the test results (T1, T6, T7, T8) which were standardized on a standardization scale.
Figures 14 through 19 show that the work performance for mostly visual
tasks indicates significant differences depending on the color of the work light
that is used. In general, the results demonstrate that bright white light color,
especially when compared to warm white light color, causes significantly
higher levels of performance. But even daylight white color is inferior to the
bright white version, although the daylight-white fluorescent lamp has a
better effect on performance than the warm white light. These differences are
most pronounced when color display is tested. The color temperature of the
light seems to have less influence if the tests are carried out with
monochromatic monitors. This is especially apparent with the warm white
light color because, in comparison with the bright white and daylight white,
one can hardly detect a diminishing effect on the performance. This leads to
the conclusion that color displays on monitors (which are quite common
today) are more sensitive than black and white displays to light color as it
relates to visual stress. This might be due to the fact that the color
reproduction characteristics which are connected to the spectral composition
change with the color temperature of light. By virtue of their technology,
monitors themselves are light sources, according to the displayed image,
different wavelengths for certain times and places. Due to the variety and
changes of the displayed colors, the light which radiates from the screen
interacts with the light of the space's lighting system which then causes a
much broader steady modulation of the “information light” transmitted from
the screen to the eye than is the case with monochromatic monitors. If the
color structure of the space light, due to overly low or overly high color
temperatures (red or blue), is too unbalanced or one-sided it will produce
more stress and exertion on the eye, increase fatigue to an excessive degree,
and consequently diminish the capacity for a constant performance over a
longer period of time. In order to optimize visual performance related to
color displays, the color temperature of artificial light should therefore be no
less than 3.500° Kelvin and no more than 4.500° Kelvin.
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Fig. 14 Comparisons of test performance under bright light warmtone white and
daylight-white light color on color displays.
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Fig. 15 Comparison between test performances under bright white and daylightwhite light color on color displays.
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Fig. 16 Comparison between test performances under warm-tone white and
daylight-white light color on color displays.
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Fig. 17 Comparison between test performances under warm-tone white and bright
light color on monochromatic displays.
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Fig. 18 Comparison between test performances between bright white and
daylight-white light color on monochromatic displays.
WW elekt.

TW elektr.

0,80
0,60
0,40
0,20
0,00
-0,20
-0,40
-0,80

Monochromdarstellung am Bildschirm

-1,00
T8

T7

T7

T7

T7

T7

T6

T1

T1

T1

T1

T1

T1

T1

T1

T1

Stand. Testleistung

-0,60

Fig. 19 Comparison between test performances between warm-tone white and
daylight-white light color on monochromatic displays.

Proceedings 7th EFA-Conference • Florence 1999 / 25

6. Further Procedure
The practical value of scientific study must be measured by its external validity. In other words, one must examine to what degree the results and findings can be transferred to realistic everyday situations. In this regard, the
method of a virtually experimental field study, employed for the tests described herein, is probably the most suitable because it requires real test conditions (here: actual offices) already at the planning stage of the experiment and
especially during the test runs. But not only were the necessary spaces and
lighting systems constructed true to real conditions, but it was also ensured
that the developed test methods provided a true representation of actual occurring visual tasks related to the visual stress of VDU work.
The main purpose of the employed test methods was to compare lighting systems on the basis of fatigue gradients and visual performance variables which
cover eight different functions of the visual organ that are important to VDU
work. This can also be achieved by comparing actual values with required
values within the frame of workplace analysis or improvements in lighting
conditions. The mentioned test methods are then used at the actual workplace
in order to study and evaluate on site the lighting conditions as they relate to
visual stress. On this basis, statements can be made on how to optimize
ergonomically all criteria which relate to lighting technology and perception
physiology. Such evaluation criteria and areas for improvement encompass:
• type of lighting
luminaries and luminaire systems for the general illumination of the
secondary surrounding area; for the zoned illumination of the task-related
infield;
• type of light (fluorescent light, metal vapor lamps, halogen lamp, etc.);
• light color or color temperature of the artificial light (warm, bright white,
neutral white, daylight white);
• radiation characteristics
direct radiation, indirect radiation, secondary radiation, direct-indirect
radiation;
• flicker characteristics
electronic control gear, conventional control gear;
• supplementary artificial light
necessity, amount, avoidability through better use of daylight;
• daylight use
expansion of areas that receive daylight through re-directing systems;
• glare protection measures
in order to keep the adaptation level constant over time and space;
• sun protection devices

Proceedings 7th EFA-Conference • Florence 1999 / 26

•

•
•

•
•

•

•

•
•
•

•

in order to prevent excessive heat in work areas through the direct parallel
radiation of sunlight;
illuminance conditions and illuminance distribution
adjusted for the components for infield and surrounding area in order to
achieve stable perception conditions;
seat position and direction of view
parallel to the window, facing the window, mixed;
selection of furniture
especially with regard to their surfaces in order to achieve balanced
illuminance levels for the infield and surrounding area as well as to
achieve a harmonious luminance structure for the entire appearance of the
space;
arrangement of work tools (e.g. monitors) and desks
in single offices, in open-plan offices, in multi-functional spaces;
design and adjustment of the secondary surrounding area
selection of materials, degrees of reflection, surface structure, color design
of the ceiling, floor and walls;
design and adjustment of the primary and secondary infield
tasks-related infield illuminance as a condition for reading the screen,
manuscripts, keyboard. Evaluation of color or monochromatic display in
relation to lighting. Elimination of gloss on vertically tilted or horizontal
manuscripts;
elimination of direct glare
for artificial light sources or from daylight openings in order to prevent
massive fluctuations of adaptation due to alternating and roving eye
movements;
elimination of reflection glare on screens
independent of their placement and degree of reflection control;
intensification of contrasts
in the area of specific visual tasks;
reduction of shadow formation
to a level where the perception of form and “gestalt” is not impaired but
rather supported;
differentiation of visual tasks

in accordance with perception-physiological performance criteria in order to
adjust the lighting more efficiently for visual tasks having priority. The necessary time for this type of evaluation is 3-4 days and the costs amount to
about 8,000 to 10,000 DM; several workplaces can be tested at the same time
if the employees are available as test subjects. Subjective evaluations can be
used as supplementary methods in order to establish the coincidence of performance values and mental state. After analyzing actual on-site conditions,
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the results can be compared with the performance values from already tested
lighting systems or from suggested lighting systems in model spaces of the
Bartenbach LichtLabor in order to find (for the client) optimized lighting
solutions and appropriate materials specifically selected for actual workplaces
and for specific visual tasks. Performance improvements obviously imply a
gain in working hours, promising thereby economical advantages resulting
from the full utilization of employees. To achieve the goals of better performance and improved mental state at the workplace through better light,
the Bartenbach LichtLabor is prepared to do its share with scientific competence - also in consideration of the new EC requirements (e.g., the obligation
of every employer to provide an ergonomic analysis of the work environment).
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