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Effect of brightness distribution
and light colours on office staff

Results of the “Lighting Harmony” project

Susanne Fleischer

Helmut Krueger

Christoph Schierz

Introduction
The “Lighting Harmony” project assessed whether changing
lighting situations which adapt appropriately to momentary
requirements lead to an increase in well-being and motivation
and whether or how the lighting situation influences the people’s
emotional state. People perceive stimuli from the objective
environment at two levels of consciousness. Every stimulus not
only has rational or cognitive properties; it is, at the same time,
experienced at an emotional level and evaluated affectively. At a
higher level, an additional evaluation is undertaken in the form
of an attribution. A positive or negative effect, depending on
personal perspective, is attributed to that which is perceived,
regardless of whether an effect of this kind is objectively present
or not [Krueger 1994, Lam 1992].

Affective evaluation and attribution have a decisive influence
on how people judge the surrounding situation. These factors
therefore allow inferences to be made about the psychological
effects of the lighting situation. The experimental design of this
project was prepared with this in mind [Fleischer 2001]. The
following article discusses only the affective evaluation and
attribution of the impression of an interior.

Methodology
To determine appropriate, changing lighting situations, the
following external influences were taken into account: sky
conditions and circadian rhythm (encoded as time of day), and
type of activity. With reference to the lighting situations
dependent on time of day and on sky condition, daylight and
artificial light were combined to create so-called lighting
scenarios (field experiment). Activity-related lighting situations
were tested in the laboratory.

Lighting
scenario

Design

A Indirect light in the morning, direct light in the
afternoon until evening

B Direct light in the morning, indirect light in the
afternoon until evening

C Indirect light with an overcast sky, direct light
with a clear sky and sunshine

D Direct light with an overcast sky, indirect light
with a clear sky and sunshine

Table 1: Overview of lighting scenarios used in the field
experiments

Fig. 1: Overview of lighting scenarios A and B dependent on
time of day. The percentage data refer to the proportion of the
direct or indirect components in the illuminance on the working
plane.

Field experiment
The following lighting scenarios were selected for the field
experiment:
a) Lighting scenarios
The four lighting scenarios used in the field are subdivided into
two scenarios (A and B) dependent on time of day, and two
scenarios (C and D) which were changed depending on the sky
condition (see Table 1, Fig. 2).

The conditions presented in the right-hand column (Table 1)
represent the extreme values for the individual scenarios. During
the day, there was a gradual transition between these two poles.
Additionally, all scenarios were dimmed in a daylight-based
way, so that with a daylight component below 500 lx on the
working plane, this component was increased to 500lx artificial
light; however, the light main focus in each case was retained.

Scenarios A and B were controlled depending on the time of
day; for scenarios C and D, the concept of shade according to
NORDEN ([Haeger 1975], cf. section 2.1.2) was used as a
measure for the component of diffuse and directional light and,
therefore, for the degree of the sky’s cloud cover.

Each scenario lasted for three weeks and was tested several
times over the year.
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Fig. 2: Overview of lighting scenarios C and D dependent on
sky condition. The percentage data refer to the proportion of the
direct and/or indirect component in the illuminance on the
working plane. The sky condition is categorised into “overcast”
and “clear” by means of the NORDEN shade formula on the
basis of sensor data. If the same sky condition is calculated for
10 minutes, the procedure for moving to the next lighting
situation is as follows: condition “overcast”: change from right
to left; condition “clear”: change from left to right, in each case
in the row allocated to C or D.

b) Rooms and lighting
The field experiment was implemented over one year in two
constantly used, side-lit open-plan offices with a total of 40 staff.
The artificial lighting consisted of pendant luminaires fitted with
fluorescent lamps (T26, 58 W, colour rendition index 1B,
correlated colour temperature 4000 K). The direct and indirect
components from these luminaires could be adjusted
independently from one another via a bus system.

c) Questionnaires used
In each case, a questionnaire was completed after three weeks of
a scenario by the people working at the offices.

The questionnaire contained the following groups of questions:
• Room impression: Brightness of the ceiling and desk, effect

of the room (pleasant, unpleasant)
• Perception of changes in artificial lighting
• Acceptance of the current lighting scenario (satisfaction),

suitability for working.

Mini-diaries: A mini-diary was prepared on the basis of the
subjective well-being diary used by Nibel [1995]. This was
additionally used for several months by some of the participants
in the experiment. It was in the form of a note pad with alternate
white and yellow pages for morning and afternoon.

The mini-diaries recorded the following:
• Subjective well-being in the morning
• Subjective well-being in the afternoon
• Motivation
• Effect (soporific/activating) of the current lighting situation

(in the afternoon)
• Evaluation of the current lighting situation (in the

afternoon)

Bi-polar rating scales (semantic differential [Osgood 1952])
were used for the answers to the questions. The data from the
questionnaires and mini-diaries were evaluated using a variance
analysis for measured series with repeated measurements. The
significance level was 0.05.
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Fig. 3: Overview of the variable parameters of the lighting
situations for experimental series 1 and 2: Illuminance levels on
working plane; light colour; weighting of indirect and direct
components (percentage data relate to the proportion of the
direct and indirect components in the illuminance on the
working plane)

Laboratory experiments
a) Lighting situations

Experimental series 1: Five different light main foci (ratio of
indirect : direct component related to illuminance on the working
plane) and two illuminance levels were combined to form ten
different lighting situations (See Fig. 3). Illuminance levels were
selected as they are found in practice. The light colour was the
same for all lighting situations (cool white).

Experimental series 2: Using two light colours and five
different light main foci, 12 different lighting situations were
created (see Fig. 3). The illuminance on the working plane was
always 500 lx in all 12 situations.

b) Experimental room and lighting
The experiments were carried out in a side-lit room measuring
3m x 6m, with a room height of 3.1 m. The walls and ceiling
were white and diffusely reflective. The daylight component on
the desk was kept constant by means of various shading
facilities. The innermost blind was made from thickly woven
fabric. This was kept down in all the experiments in order to
guarantee a visually identical impression of the room for all
participants. The daylight component in the interior of the room
was controlled throughout the course of the experiment using an
interior sensor. None of the experiments took place during fast-
changing cloud cover. A small daylight component was selected
for the first series of experiments in order to preserve the effect
of a naturally side-lit room, but at the same time to keep the
effect of the different distribution of brightness in the room
through artificial light as great as possible. The lighting
situations in experimental series 2 (different light colours)
involved no daylight component.

The artificial lighting was provided by three pendant
luminaires of the same type as used in the field experiment. The
lighting was proportioned in such a manner that an illuminance
level of 500 lx could be achieved both with direct lighting alone
and with indirect lighting alone. In experimental series 1,
fluorescent lamps were used with the colour cool white (Tn =
4000 K) and colour rendition index 1B. The light colours in
experimental series 2 were warm white (Tn = 3000 K) and
daylight (Tn = 5600 K), also with colour rendition index 1B (see
Fig. 3).



The 9th European Lighting Conference „Lux Europa 2001“ – Reykjavik; 18 – 20 June 2001

78

happy astonished satisfied

+P-A-D

furios distrustful disdainful sad

+P+A+D +P+A-D +P-A+D

contented

-P+A+D -P+A-D -P-A+D -P-A-D

+D

-D

+A

+P

-A

-P

Pleasure
Arousal
Dominance

happy astonished satisfied

+P-A-D

furios distrustful disdainful sad

+P+A+D +P+A-D +P-A+D

contented

-P+A+D -P+A-D -P-A+D -P-A-D

+D

-D

+A

+P

-A

-P

Pleasure
Arousal
Dominance

Fig.4:Characterisation of human emotions according to the PAD

c) Questionnaires used
Predetermined lighting situations were evaluated by the
participants on the basis of a questionnaire, which included the
following categories of questions, amongst others:
• Suitability of the lighting situation for the work to be done
• Brightness of the room, ceiling, walls, uniformity of room

illumination
• Effect of the room: constrained/spacious;

depressing/cheerful; friendly/unfriendly etc.
• Adjective scales for emotional evaluation (happy-unhappy,

restless-dull etc.)
The scales for emotional evaluation are the 18 bi-polar

adjective scales of the so-called PAD model, which can be
summarised using factor analysis into the three parameters of
Pleasure, Arousal and Dominance. According to Mehrabian
[1974], the essential human emotions can be characterised with a
combination of these three parameters. (Fig. 4, [Sun 1996]).

Results
Mini-diary (field experiment):
“Subjective well-being in the afternoon, very poor —
very good”:
For scenarios B, C and D, the judgements taken as a whole are in
the positive range; for A, however, the evaluation was mostly in
the negative. The maximum values were indicated for D. The
significant influence from the degree of cloud cover differs
between the lighting scenarios. For B and D, there is a negative
correlation; for A and C, the correlation is positive. For all
lighting scenarios taken together, there is a tendency towards a
negative correlation between length of day and subjective well-
being.

“Effect of light, soporific — activating”:
The maximum values (corresponding to a tendency in the
waking direction) were indicated for D for all lengths of day and
sky conditions. Viewed across all scenarios, there is a negative
correlation between the length of the day and the evaluation of
the activating effect of light, i.e. light is felt to be more activating
in the seasons with shorter days.

“Satisfaction with lighting”:
Satisfaction with lighting scenario D was clearly greatest. For all
lighting scenarios taken as a whole, there is a negative
correlation between the degree of satisfaction and the day length,
but a positive correlation between this evaluation and the degree
of cloud cover.

“Subjective well-being in the morning, motivation”:
No significant influence by the lighting situation was found.

Laboratory experiments:
Pleasure:
For the lighting situations in the first series of experiments (cf.
Fig. 3), this factor is significantly influenced only by
illuminance: the higher the illuminance, the higher the value for
Pleasure. Experimental series 2: the maximum value for Pleasure
is received by the combination warm white/daylight with a large
indirect component. For the reversed colour combination, an
indirect component of 50% is preferred.

Arousal
Experimental series 1:
Arousal takes place both through an increase in illuminance and
also through a shift in the light main focus towards the direct
component (see Diagram 1); however, an increase in vigilance
can also be achieved through a shift in the light main focus while
the illuminance on the working plane remains constant. The
effect of this shift in the light main focus is more pronounced
with lower illuminance levels than at higher levels.

Experimental series 2, two-colour lighting situations:
For these lighting situations, the lamp colour combination (CC)
and the interaction between colour combination and indirect
component is significant (Diagram 2). The greatest arousal is
achieved through purely daylight coloured lighting situations
(only direct or only indirect light). Since with the combinations
daylight/warm white and warm white/daylight a change in the
light main focus always brings about a change in the dominant
light colour in the room, this means that arousal increases in
lighting situations providing the combination daylight/warm
white with a larger indirect component, and reaches higher levels
in the case of warm white/daylight and a larger direct
component.

Experimental series 2, single-colour lighting situations:
When the purely daylight coloured and the purely warm white
situations are considered separately, only the light colour has a
significant influence: daylight is more stimulating than warm
white.
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Diagram 2: The factor Arousal for two-colour lighting situations
in experimental series 2 depending on the indirect component ID
for two-colour combinations CC of daylight (5600K) and warm
white (3000K).

Dominance:
Experimental series 1:
A light main focus of 50% combined with high illuminance
leads to a judgement of “dominant”. A large direct component
with low illuminance triggers a feeling which tends in the
direction of “inferior”.

Experimental series 2, two-colour lighting situations:
None of the parameters showed a significant influence.

Evaluating the impression of the room:
“Pleasing”
Experimental series 1:
The significant parameter is illuminance. At higher levels of
illuminance, the room is more pleasing.

Experimental series 2, two-colour lighting situations:
The room is most pleasing with the combination of warm
white/daylight with a large indirect component; and least
pleasing with a large direct component. However, the
combination daylight/warm white changes less depending on the
indirect component: the maximum is with an indirect component
of 50%. Almost the entire curve is above the neutral line.

Experimental series 2, single-colour lighting situations:
The curve for the light colour warm white is always above the
zero line. Warm lighting situations are more pleasing than
daylight coloured situations. For every light colour, the indirect
component of 50% is judged as best. For daylight coloured
situations, this is the only lighting situation which is above the
neutral line.

Room impression “depressing…. cheerful”
Experimental series 1:
The higher the illuminance level, the more cheerful the room is
judged to be. Given the same illuminance level, a larger indirect
component ensures a shift of judgement towards “cheerful”.
With high illuminance levels, the judgement is influenced more
extensively by the indirect component than with lower levels.

Experimental series 2, single-colour and two-colour
lighting situations:
Lighting situations with an indirect component of 75% are
judged to be the most cheerful. Lower values for the indirect

component lead to a steep decline, and higher values to a slight
reduction in the cheerful impression.

Discussion
The following discussion relates only to the significant
correlations established.

Subjective well-being:
The results from the field experiment (evaluation of the mini-
diary) show that subjective well-being in the afternoon is
significantly influenced by the type of lighting scenario.
Calculated as an average, the maximum values for subjective
well-being in the afternoon are achieved for scenario D which is
dependent on sky condition; the minimum values are found with
scenario A which is dependent on time of day. In all scenarios,
subjective well-being declines as the length of the day increases.
One cause for this may have been the increasing heat in offices
during summer. It was not possible to determine any influence of
the scenario on subjective well-being in the morning. An
explanation for this may be that the participants had been
exposed to the lighting situation for a shorter time when
completing the mini-diary in the morning than in the afternoon,
or that they responded less sensitively to the light in the
morning. However, it is also possible that they had become more
sensitive to light stimuli in the afternoon as a result of the
experiences of the working day.

Arousal:
The question in the mini-diary relating to the activating effect of
light produced a significant correlation between the type of
lighting scenario, the length of day and the interaction. The
shorter the day, the more activating the effect of artificial light is
(taken as an average of all scenarios). Over the whole evaluation
range for length of day and degree of cloud cover, the sky
condition-dependent lighting scenario D was felt to be
enlivening. Since, for D, the direct component of artificial
lighting is increased if the sky is overcast, this scenario most
frequently provides a high proportion of directional light when
considered over the year as a whole and when artificial light and
daylight are considered together.

Emotional evaluation in the laboratory:
Pleasure:
For the lighting situations in experimental series 1, illuminance
is the significant influencing parameter: the higher the
illuminance, the higher the values for Pleasure. Accordingly, the
results for this factor show the same tendency as the direct
questions regarding how pleasing the lighting situation was
found. The higher the illuminance, the higher the evaluations on
the scale for the factor of pleasure.

In the case of the lighting situations in experimental series 2, a
large indirect component has a positive influence on the factor of
pleasure, if the light colour warm white is used. With this large,
warm white indirect component, both the combination with
daylight coloured and also with warm white direct light are felt
to be pleasant. Here, too, the results for pleasure correspond with
the answers in the questionnaire relating to pleasure.

These results indicate that a correlation exists between the
evaluation of the impression of the room (pleasing) and
subjective well-being.

Arousal:
For experimental series 1, both an increase in illuminance and
also a shift in the light main focus towards direct light leads to
higher values for Arousal. An increase in vigilance may,
however, also be achieved by a shift in the light main focus
alone, while illuminance on the useful plane remains constant.
The effect of this shift in the light main focus is more
pronounced with lower illuminance levels than with higher
levels.
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The results from experimental series 2 show that the light
colour daylight is more stimulating than warm white. This
applies independently of the light main focus. It can be assumed
that the effect of the light colour is so dominant that, in these
lighting situations, no influence could be determined from the
light main focus.

Dominance:
The results for experimental series 1 and the results for the
single-colour lighting situations in experimental series 2
demonstrate that high illuminance levels in combination with an
indirect component of 50% lead to a feeling of dominance.
Lower illuminance levels, especially with direct light, lead to a
feeling of inferiority. The evaluation of the room impression
with reference to “uninviting/inviting” and the factor of
dominance follow a similar course. An uninviting room
impression is associated with a feeling of inferiority.

Conclusions
Affective evaluation and subjective well-being: from the results
of the field experiment and the laboratory tests, it is evident that
the subjective well-being and emotional condition of people
working at an office is influenced by artificial light. When
comparing the results from the diary evaluation with those from
the laboratory tests, it is quite clear that the increase in arousal
through directional light observed in the field experiment
corresponds with the results from the laboratory experiments.
The activating influence of direct light on people was therefore
also confirmed here under realistic conditions. However, it must
not be inferred from this that an optimum result can be attained
through the exclusive use of direct light, because the increase in
arousal must not be considered in isolation. Accordingly, a
lighting situation which is only designed to increase activation
may, in the long term, lead to rejection or to a reduced subjective
sense of well-being, if, for instance, it is ill-suited for the activity
which is being carried out or has a negative influence on the
person’s emotional state with reference to the factor of pleasure.
Moreover, there are applications in which a relaxing effect or a
decrease of arousal is desirable (e.g. waiting rooms for patients).

A detailed consideration of the effect attributable to the
variable influencing parameters of light main focus, light colour
and illuminance makes it possible to draw up variable lighting
situations (lighting scenarios), which provide an appropriate
response to the requirements for type of activity, activation and
well-being. For example, arousal is increased by direct and/or
daylight coloured light. A short-term increase in the direct
component may lead to an increase in vigilance and therefore
also to an improvement in working performance. This can also
be realised in the case of activities for which a larger indirect
component is required in the long term for ergonomic reasons, or
in room situations which require a larger indirect component for
reasons of subjective well-being.

It is therefore possible to create lighting scenarios for office
applications which are ergonomically appropriate and, moreover,
which have a positive effect on people’s subjective well-being.
In this context artificial lighting can be used as a stimulant,
namely within the framework of standard office lighting systems
and without any increase in energy consumption.
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