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Abstract 

The present study focuses on the effect of variabie lighting levels during a normal working 
day in offices on mood and both visual and cognitive performance. 
Research into mood variations shows that our mood rises from the moment we get up until 
about noon, staying relatively stabie until about 20:00 and than drops until we go to bed. This 
circadian mood pattem resembles that of light. It is therefore reasonable to argue that the 
circadian light variation plays a role in the circadian mood pattem. Furthermore, there are 
indications that bright light is necessary during the day for normal functioning of our intemal 
circadian rhythm. We therefore hypothesize that variabie lighting levels should result in a 
more positive mood than constant lighting levels. 
Research into cognitive performance during a normal day shows that no unique performance 
pattem exists. The relationship between the circadian light variations and performance is 
therefore not clear. 

To investigate the effects of variabie or constant lighting levels on mood and both visual and 
cognitive performance an experiment was carried out with 48 subjects. Two experimental 
lighting conditions and one reference condition were used. 33 subjects worked during normal 
working hours, 9:00- 17:00, in one ofthe two experimentallighting conditions: 
an office with a variabie lighting level (without daylight); 
an office with a constant lighting level (without daylight). 
The remaining 15 worked during normal working hours, in the reference condition: 
an office with daylight and supplemental artificiallighting (reference condition). 
During this day, mood, visual and cognitive performance was measured six times, every 1-'h 
hours. At the end ofthe day, subjective opinions about the lighting and the working day were 
assessed. Finally, individual characteristics which could influence the mood or performance 
were assessed. These were lightsensitivity, morningness I eveningness and extraversion I 
introversion. 

The results show that the mood ofthe subjects was more positive under variabie lighting than 
under constant lighting. Visual performance and most of the cognitive performance tasks 
increased over time. This was independent of lighting conditions, and indicates a possible 
leaming effect. The activation ( or arousal) of the subjects was higher in the variabie lighting 
condition than in the constant lighting condition. The condusion is that variabie lighting 
levels result in a more positive mood and higher activation than constant lighting conditions. 
The changes in daylight as they occur during a normal working day in offices should 
therefore not be masked by changes in artificiallighting. 
At the end of the paper recommendations are given for further research. 
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1 Introduetion 

Since the in dustrial revolution a great deal of the werking population spends its time 
werking indoors. The primary objective of lighting has always been making a task visible. 
How much light is necessary in an office, is determined by the difficulty of the task. This task 
difficulty is defined by the size and contrast of the smallest detail of the task. The general 
recommendation for office lighting is an illumination of 200 lux - 800 lux at the werking 
plane. The precise level (200, 400 or 800 lux) depends on the difficulty ofthe visual task 
(NEN 1890, 1991). Commonly, the lighting in offices is provided by a combination of 
daylight and artificiallighting. 

Until the early seventies, the focus in the design of a lighting plan for offices was to 
install a high level of artificiallighting, because both visual and cognitive performance1 

would be greater under high lighting levels. The amount of daylight that enters an office is 
not always sufficient during normal working hours throughout the whole year. During the 
wintermonths, for instance, it is stilldarkat 8:00 in the moming, and already darkat 17:00. 
Therefore daylight was not considered in the office lighting plans. Artificiallighting had (and 
still has) to provide the total amount of necessary light. The result was a constant artificial 
lighting level supplemented with the available daylight. 

The last decades ho wever, developments in lighting design are stimulated more by 
energy saving. The focus shifted towards using daylight as much as possible, and supplement 
it with artificiallight only when necessary. Light sensors intheroom measure the amount of 
light. If the amount is less than the desired level, artificiallighting is added. When the 
lighting level exceeds the desired level, the lamp light-output is reduced. Thus, this automatic 
control system is capable ofmeasuring and regulating the lighting level continuously, and 
consequently leading to a lighting level that stays almost constant over the day. 

What is the effect ofthis constant lighting level on us? Should it not be variable? The 
present study aims to shed more light on this topic. 

We live in a world that flourishes from sunlight. At our latitude (52° North), the 
rotatien of the earth around the sun results in seasons in which the amount of daylight 
changes. This results in both annual and circadian changes in lighting levels. In the winter the 
average lighting level during the day is much lower than in the surnmer. The picture on the 
right in Figure 1 shows the daily average lighting level over the year at a desk near a window. 
Every dot represents one day. But maybe the most important change is the daily rhythm of 
light and darkness. This rhythm depends on the weather type that is indicated by a clear, 
overcastor partly clouded sky (mixed sky). The picture on the left in Figure 1 shows the 
verticallighting level at the window and colour temperature over the day for the three 
different weather types. The dotted lines represent the colour temperature and the solid lines 
represent the lighting level. 
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Figure 1. Lighting levels and colour temperaturefor different weather types (left); /ighting 
levelsduringa whole year (right) aft er Begemann et al. (1 997, p . 233 and 234). 

In the CIBSE Code for interior lighting (Yarham, 1994) the recommendation is given 
that whenever daylight and artificiallighting are combined, artificiallighting should not mask 
either the natura! variations of daylight across surfaces or the way in which naturallighting 
changes with time and weather. If we take into consideration that the human race has evolved 
in the course of millenniums under these circadian and annuallight rhythms, it is reasonable 
to assume that humans are very well adapted to these light rhythms. Hence, our affective and 
cognitive system should function best under the circadian light pattems. 

Research into the daily changes in 
mood shows that there are clear pattems in 
positive affect (Clarck, Watson & Leeka, 
1989; Watson, Wiese, Vaidya & Tellegen, 
1999). Figure 2 shows how our mood rises 
from the moment we get up until about 
noon, staying relatively stabie until about 
20:00 and than drops until we go to bed. 
There are indications that this pattem is 
dependent on individual characteristics, 
such as momingness I eveningness or 
extraversion I introversion (see for 
instanee Clarck et al., 1989). Because 
these studies were carried out as field 
experiments (real live situations ), and no 
data a bout the light exposure of these 
subjects has been collected, it is not clear 
which role light plays in this daily mood 
rhythm. 

There is also an annual rhythm of 
mood, with a more positive mood during 
the summer than during the winter. F or 
a bout 1 0% of the population the mood 
changes during the wintermonths are more 
severe (Mersch, Middendorp, Bouhuys, 
Beersma, & van den Hoofdakker,1995). 
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F or this group of people, these mood changes 
can impair the level of functioning at work or 
the social relationships. The relative shortage of 
daylight is thought to be the cause of these 
mood changes. Our intemal circadian rhythm 
has a period of about 24.25 Hours (Shanahan, 
1995) and has tobereset to the 24-hour clock 
time. During the summer the high daylight 
levels reset our intemal circadian rhythm. 
During the winter, the low daylight levels that 
we are exposed to result in an impaired resetting 
of the intemal clock. The impaired resetting of 
the clock is the probable cause ofthe annual 
mood changes. 

Research into cognitive performance 
shows however no consistent pattem over the 
day. Different performance tasks seem to have 
their own pattem, see Figure 3. 
Just as with mood, individual characteristics 
such as momingness/eveningness or 
extraversion/introversion could have an effect 
on cognitive performance. 

In the present study we will investigate 
the effects of circadian light changes on both the 
mood and performance by systematically 
camparing a variabie and constant lighting 
condition. Therefore the main research question 
of this paper is: 
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"What are the effects of a variabie or constant lighting level on the mood and performance in 
an office environment? " 
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2 The relationship between light, mood and performance 

In this chapter we will discuss the relationship between light and mood and the 
relationship between light and performance. To understand these relationships we will start 
with a brief etaboration on the terms light, mood and performance separately. 

2.1 Light 
Light is the visible part of electromagnetic radiation with wavelengtbs ranging between 380 
nm (violet) and 780 nm (red). White light, for instanee sunlight, contains all colours, but not 
all colours are equally present in white light. 

Until now we have used the single term light. But light, or more precisely lighting in an 
office, can be described using many parameters. The most commonly used are illuminance, 
the uniformity of the lighting on a plane, the colour temperature, and the spatial distri bution 
ofthe light (dark centre and bright perimeters, or bright centre and dark perimeters). See also 
the CIBSE Code for interior lighting (Y arham, 1994) or the lES Lighting handhook 
(Kaufman, & Christensen, 1984). 
The parameters which are frequently used in relationship to mood and performance are 
illuminance and colour temperature. We will therefore define these two parameters more 
closely (see also lES, 1984). 
- 11/uminance (or lighting level): the density ofthe luminous flux (lumen) incident on a 

surface, per unit(# m2
) ofthat surface. The unit ofilluminance is lux. 

In other words, the amount of light falling on a surface, per unit (m2
) of that surface, see 

Figure 4. The plane, on which the illuminance is measured (for instanee working plane, desk 
or wall), should always be mentioned when the lighting levels are given. 

-~--+-~~ Luminous flux (lumen) 

c~ 

I .~· .~· lsurrace (m2) 
'------....J 

Figure 4. Definition of illuminance. 

- Correlated co/our temperature: The temperature of a blackbody (official reference 
lightsource) whose chromaticity most nearly resembles that ofthe lamp of interest. Unit is 
Kelvin (K). 

In other words, a description ofthe 'colour' ofthe light, which depends on the speetral 
distribution (the relative amount of different colours in the light) ofthe lamp. The fluorescent 
lamps used for office lighting all emit white light, but based on the colour temperature three 
groups ofwhite light are defined by the CIE (1986): 

- below 3300 K: warm light, this light is a bit yellowish; 
- 3300 K to 5300 K: intermediate; 
- above 5300 K: cool light, this light is a bit bluish. 

We will use the term colour temperature, or warmand cool light. Figure 5 shows the speetral 
distribution of a 'daylight' fluorescent lamp of 6500 K (left, TL965) and a 'warm-white' 
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Figure 5. Speetral power distribution of a 'daylight' (left, TL965) and a 'warm-white'fluorescent lamp 
(right, TL830) after Philips Lighting Manual (1993, p. 43). 

fluorescent lamp of 3000 K (right, TL830). The vertical axis shows the relative amount of 
light output per wavelength. 

2.2 Mood 
In this paper we use both the terms affect and mood. Affect is the overàll term and 

refers to a subjective evaluation of sarnething on a positive-negative (pleasant-unpleasant) 
dimension. Our feelings or attitudes towards someone, preferences for sarnething or our 
mood therefore are all part of the affective system. 

Mood in special, refers to the affective state we are in: 'how are we feeling today'. We 
are for instanee in a good mood and feel happy, or we are in a bad mood, feeling down. Our 
mood can bedescribed using several distinctive states. For instance, feeling strong and active 
are reflections of physical states. Being ( or feeling) alert and interested are reflections of 
cognitive states. These states are, in turn, all indicators of positive affect. 
Clark, et al (1989) give an interesting explanation for this, stating that the perceived energy I 
tiredness, subjectively experienced mood, and physiological states might all be reflections of 
an integrated psychobiological system. 

Finally, it must be stated that our mood state is not related toa particular stimulus, such 
as a person, decision or event (in contrast with emotions, which are related to a certain 
stimulus) and that our mood state has no clear-cut start or end (Zeelenberg & Aarts, 1999). 
When events are too weak to result in an emotion, they often are still strong enough to have 
an effect on our mood. Therefore our mood seems to be easily influenced. For instanee 
watching a film-clip, or reading a story have shown to affect our mood (see for instanee 
Oaksford, Morris, Grainger & Williams, 1996; or Zedenberg et al., 1999). In the present 
study we will investigate to what extent mood is vulnerable to changing lighting conditions. 

2.3 Performance 
Human performance can be related to the visual and cognitive system (see for instanee 

Boyce & Eklund, 1996; Boyce, Beckstead, Eklund, Strobel & Rea, 1996; or Daurat, Aguirre, 
Foret, Gonnet, Keromes & Benoit, 1993). 

Visual performance (or visual acuity) can bedescribed in terms ofthe visibility of fine 
details. These details may either varyin size, or in contrast with the surrounding (see for 
instanee the lES Lighting Handbook, 1984). The smaller the detail, for instanee the fontsize 
of a text, that is visible at a certain lighting level the greater the visual performance. The 
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lower the contrast between the visible detail and the surroundings, for instanee black or gray 
text on white paper, the greater the visual performance. Reasoning otherwise, the time 
necessary to read a given text, for instanee font-size 8 and contrast 0.22, at a certain lighting 
level can be used as an indication for visual performance. 

Cognitive performance can be described as the time necessary to perform a task, or the 
number of errors produced while performing the task. For instanee solving an arithmetic 
problem. The task is to add mentally three two-digit numbers. The less time necessary to 
solve a problem, the better the performance (performance speed). The less errors produced 
the greater the performance accuracy. 

2.4 Lighting and mood 
There is almost no evidence for the positive effect of variabie lighting levels. Only one 

report can be found in which the effects of variabie lighting levels were presented (Boyce, 
Beckstead, Eklund, Strobel & Rea, 1996). The experiment, however, took place during 
nighttime hours (0:00 to 8:00), which makes it hard to generalise the results to a daytime 
situation. Four different lighting conditions were used in this experiment. Two used constant 
lighting levels ( either 250 or 2800 lux), and two used variabie lighting levels ( either 
increasing from 200 to 2800 lux, or decreasing from 2800 to 200 lux). In the variabie lighting 
conditions also the colour temperature of the lighting changed, to mimic daytime lighting. Six 
times during the night, the emotional state ofthe subjects was measured using subjective 
reports (e.g. subjects must chose between a pair of adjectives such as 'wide-awake' and 
'sleepy' on a 9-point scale). No differences were found on the pleasure scale ofthe subjective 
reports between the four different lighting conditions. There was however a difference on the 
arousal scale between the lighting conditions. The low illuminance condition resulted in the 
least reported arousal. Because low levels of arousal are related to low levels of affect (see 
for instanee Watson et al., 1999) it could be that the mood in the high illuminance and 
variabie luminanee conditions is more positive. 

Even though some researchers found no mood effect of different lighting levels (Boyce, 
& Eklund, 1996; Biner, 1991; Küller & Wetterberg, 1993), others found that the mood of 
subjects was most positive under low lighting levels (Baron, Rea & Daniels, 1992; 
McCloughan, Aspinall & Webb, 1996; Katzev, 1992). Baron et al. (1992) for instanee used 
combinations of 150 vs. 1500 lux and colour temperatures of3000 K vs. 5000 K. The mood 
test they used did not reveal significant differences in the mood score between the lighting 
conditions. But results from other tasks used during the experiment showed effects similar to 
that of subjects in a positive mood. Subjects read a persounel folder that contained only 
neutral information about a fictitious employee and had to evaluate this employee on several 
scales (e.g. the ability to get along well with others). Under low lighting levels the evaluation 
of the employee was more positive. The low illuminance condition also resulted in a greater 
preferenee ofthe subjects for solving interpersonal conflicts through collaboration insteadof 
avoidance, and the subjects were more willing to help others. The evaluation ofthe employee 
and the preferenee for conflict solving were all subjectively reported behaviours, in other 
words there was no real person to evaluate or a real conflict situation to solve. Subjects 
indicated on paper what they would think of someone or what they would do in a certain 
situation. The willingness to helpothers was indicated by the extra (unpaid) time the subjects 
were willing to donate to the experimenter. Research into the effect of mood on cognition 
show that people in a positive mood, compared to a negative mood, show the same 
subjectively reported behaviours (for an overview, see Isen, & Baron, 1991). Baron et al. 
concluded therefore that low illuminance results in a more positive mood than high 
illuminance. 
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There is also evidence for the opposite, i.e. a most positive mood under high 
illuminance (Daurat et al. 1993; Grünberger, Linzmayer, Dietzel & Saletu, 1993; Partonen & 
Lönnqvist, unpublished). For instance, Partonen and Lönnqvist (unpublished) used a field 
study to assess the positive effect of bright light on mood enhancement during the 
wintermonths. The subjects were exposed to bright lightforabout an hour per day, using an 
ABAB design; (A)= four week period with bright light, (B) = four weeks without bright 
light. Partonen and Lönnqvist (unpublished) found that the mood ofthe subjects, as indicated 
for instanee by symptoms of depression, became more positive after both four weeks of 
bright light exposure. We should state here that mostly healthy subjects were used in this 
study. 

Our body has a circadian rhythm withafree running cycle time of about 24.2 hours (for 
instanee in body temperature, see Shanahan, 1995). This means that if it is not properly reset 
every day to the extemal clock time, 24-hour rhythm, we would end up altemately sleeping at 
daytime or nighttime hours. In the winter, low levels oflighting are thought to result in 
lowered mood, because the intemal circadian rhythm is not properly reset to the 24-hour 
extemal day and night rhythm. A bout 10% of the Dutch population is more or less influenced 
by this lack of daylight, resulting in Seasonal Affective Disorder (see for more information 
Wegscheider Hyman, 1990). This may be one ofthe reasons why bright light results in a 
more positive mood. 

Furthermore, there is a strong belief that natural daylight, and its variations are valued 
as very important by office workers. Heerwagen ( 1990) and Butler & Biner ( 1989; cited in 
Nagy et al., 1995) stated that people like windows in the working place partially because the 
changing (day) light pattems give them weather or time-of-day information. Heerwagen 
(1990) furthermore makes the statement that daylight changes are the only souree of 
variations that are present in the working environment, which is kept at constant 
temperatures, air humidity and ventilation rates. The loss of sensory variations, as a result of 
the static environment, may be one of the causes of some symptoms of the 'sick building 
syndrome' (Stone, 1992). 

There is also an indication that people may use bright light as a means to fight fatigue 
(Tops, Tenner, van den Beld & Begemann, 1998). This condusion wasbasedon data from 
lighting preferenee research conducted by Begemann, van den Beld and Tenner (1997). 
Subjects worked during normal working hours in standard window zone offices equipped 
with experimentallighting systems. They were instructed to adjust the artificiallighting level 
according to their preferenee and overall feeling of wellbeing, in re lation to the changing 
daylight conditions. Re-analysis of Begemann et al. 's data showed that the time the subjects 
were present in the office without leaving ('time of continuous presence') had an effect on 
the lighting preference. The longer the subjects stayed in the offices the more light they 
installed (in the period ofMay-June).The amount of daylight that entered the offices did not 
change significantly during the time the subjects stayed in the offices. Tops et al. (1998) 
therefore concluded that the amount of artificiallighting installed by the subjects may be an 
indication for the idea that subjects used light (instead of for instanee a cup of coffee) as a 
means to fight the increasing fatigue. 

There is another finding from the results presented by Begemann et al. (1997) that is 
also relevant to our experiment. They found great differences in lighting preferenee between 
subjectsin regard to lightsensitivity. Two subjectsin particular, Mr. Bright Light and Mr. 
Dim Light, showed that the sensitivity to light varies enormously between subjects. 
Indications for light sensitivity are eyestrain or headaches as a resu1t of bright light exposure. 
The most lightsensitive people might even wear sunglasses indoors as a precaution. 
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Lightsensitivity may therefore counteract the effect of bright light. And, as already stated in 
the introduction, individual characteristics such as momingness I eveningness or extraversion 
introversion mayalso have an effect on the mood of subjects. Eveningtype people are thought 
to have a different mood pattem over the day, reaching their peak of feeling best at a later 
time, than rnamingtype people. Ciarek et al. (1989) however found only evidence fora lower 
mood ofthe eveningtype people throughout the whole day. Extraversion I introversion is also 
thought to have an effect on mood. Extraversion is thought to be related to trait positive affect 
(Clark et al., 1989). Which means that the overall mood of extraverted subjects is higher 
throughout the day than that of introverted subjects. Furthermore, extraverted people are 
thought to be more attracted to the outside world with other people and events. They direct 
their energy and attention outwards and get their energy from extemal events, experiences 
and interactions (with other people). Introverted people are more attracted totheir inner world 
of ideas and experiences. They direct their energy and attention inwards and get their energy 
from intemal thoughts, feelings and considerations (Meyers Briggs Type Indicator, 19**). 
Following this argumentation, introverts are less likely to be influenced by the different 
lighting conditions. 

Recapitulating, dimly lit environments may lead to a positive mood, but bright light is 
needed, especially during the winter, to reset our intemal circadian rhythm to the 24-hour 
night-day cycle. Furthermore changing daylight levels are liked because they give weather 
and time-of-day information and because it results in a more stimulating environment. But 
individual characteristics such as lightsensitivity, morningness I eveningness, or extraversion 
I introversion may ho wever influence the effect of lighting on mood. 

The first research question therefore is whether a variabie lighting condition, as 
compared to a constant lighting condition, leads to an overall more positive mood. The 
second research question is whether mood follows the light pattem over the day, showinga 
relationship between mood and the amount of light present. And the third research question is 
whether individual characteristics have an effect on mood in relationship with light and time 
of day, see Figure 6. 

2.5 Light and performance 
First of all, light makes a task visible. And more light leads to a better visual 

performance. That is, if the lighting level increases, and the size and contrast of the cri ti cal 
detail ofthe visual task remains the same, the visibility ofthat detail will be greater. Katzev 
(1992) for instanee found that one ofthe dim light conditions (350 lux) impaired performance 
on a visual-typing task, even though the author calls it "a marginally significant (p < 0. 02) 
main effect of labs" (Katzev, 1992, p. 773). On the other hand, the brightly-lit environment 
impaired the readability of a text that was presented on a computerscreen. This text was used 
for a reading comprehension task. After reading the text, subjects had to answer questions 
about the text. The performance on this task was significantly worse under bright light (1000 
lux). 

At night, bright light has been shown to reduce the amount ofmelatonine (Bemecker, 
Brainard, Femsler, Rollag, Long, Tiemey & Gaddy, 1994). Melatonine is thought to act as an 
endogenous sleep-promoting chemica!, and is produced during the night. By reducing the 
amount of melatonine, bright light can enhance alertness during the night. Badia, Meyers, 
Boecker, & Culpepper (1991) for instance, found that levels of5.000- 10.000 lux enhanced 
alertness and reduced sleepiness at night. The alertness ( or arousal), using EEG 
measurements, was greater under bright light than under dim light. Also the performance on 
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some cognitive tasks was betterunder bright light. Another study, also taking place at night, 
showed that performance was also better under 3000 lux, compared to 100 lux (French, 
Hannon & Brainard, 1990). Questionable is, whether these performance enhancing effects of 
bright light still occur during the day when the melatonine level is already much lower, or 
almost zero (see for instanee Shanahan, 1995). 

Grünberger et al. (1993) found effects ofbright light during the day. He exposed his 
subjects with either 500 or 2500 lux for two periods of .5 hours and three periods of 1 hour 
before testing. Justafter these light exposure times, tests were taken. Especially at 4 and 6 
hours afterstarting the experiment, better intellectual performance (some cognitive tasks 
taken together), reaction time, wakefulness and self-rated drive (also after 2 and 8 hrs) were 
found. 

Others however found no evidence for light induced cognitive performance differences 
during the day (Badia et al., 1991; Boyce, & Eklund, 1996; Daurat et al., 1993). Even though 
differences were found for subjects' confidence about performing a task, subjective ratings of 
their ability to perform the task (Baron et al., 1992), or subjective motivation to perform a 
task (Daurat et al., 1993). Therefore its is unclear whether light has an impact on 
performance. 

Justas with mood, lightmayalso have different effects on different people depending 
on their individual characteristics, such as momingness I eveningness or extraversion I 
introversion. Momingtype persons are thought to perform best during the morning, and 
evening type persons are thought to perform best later at the day (Bodenhausen, 1990; May & 
Hasher, 1998). Bodenhausen for instanee showed that decisions are more analytic, i.e. 
subjects use less heuristics, during times ofthe day at which they were at their "peak" level of 
arousal. May and Rasher (1998) showed that young subjects (who were evening-type people) 
had more control over their thoughts during the late aftemoon (17 :00). They were better in 
suppressing unwanted thoughts at their "peak" time. Because at off peak moments the arousal 
is less optimal, and bright light can result in arousal (Biner, 1991 ), bright light might be good 
for subjects at off peak moments. That is, bright light may be good for moming-type persons 
during the aftemoon and for everring-type persons during the morning. 

Introverts are thought to be more, and extraverts to be less cortically aroused. 
According to the arousal theory of performance (see for instanee Smith, 1989), introverts 
would therefore perform best at other times, compared to extraverts, because our state of 
arousal also changes over the day. Blake (1971) showed that introverts perform better during 
the morning and extraverts during the aftemoon. Information from the Meyers-Briggs Type 
Indicator, state that introverts get their energy from intemal thoughts, feelings and 
considerations. According to this view, introverts would be less likely to be influenced by the 
lit environment. 

Recapitulating, visual performance (when reading from paper) will increase with increasing 
lighting levels. There is however no clear-cut relationship between cognitive performance, 
lighting levels and time of day. Besides that, momingness I eveningness, and extraversion I 
introversion may also influence cognitive performance in relation with the lighting levels, 
and time of day. 
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This leadsus to the following research questions: 

Research question 1 : 
"Does a variabie lighting level that follows a circadian pattern, compared to a constant 

lighting level, lead to an overall better mood and performance?" 

Research question 2: 
"Is there a re/ationship between the amount of light, at a certain time of day, and mood and 

performance? " 

The third research question is splitted into three subquestions: 

Research question 3a: 
"Does lightsensitivity have an effect on the mood and performance in re/ationship with the 

lighting condition (variable or constant) and the time of day?" 

Research question 3b: 
"Does morningness I eveningness has an effect on the mood and performance in relationship 

with the /ighting condition (variable or constant) and the time of day?" 

Research question 3c: 
"Does extraversion I introversion has an effect on the mood and performance in relationship 

with the lighting condition (variab/e or constant) and the time of day?" 

Research question 4: 
"What is the effect of variabie or constant lighting levels on the circadian rhythm?" 

This results in the following conceptual model. Arrows indicate that an independent 
variable, for instanee the lighting condition, has an effect on a dependent variable, through a 
mediator (fysiological process). Time of day is added as an independent variabie that has its 
effect on the dependent variables either on its one, or in relationship with the lighting 
condition, individual characteristics, and fysiological process. 
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3 Experiment 
In this chapter, a description will he given ofthe experiment that was conducted to 
investigate the effect of different lighting conditions on mood and performance. 

3.1 Subjects and design 
48 students, 36 male and 12 female, from different schools and the Technica! 

University in Eindhoven participated in the experiment. The age ofthe subjects was between 
18 and 26 years (Mean = 19,8 yr.). They were paid for participation. 

The experiment consisted of2 (lighting: variabie versus constant, between subjects) x 6 
(time of day, within subjects) factorial design. A reference condition with daylight was also 
used in the experiment. 11 male and 4 female students spent the day working in the reference 
group. All subjects were randomly assigned to experimental conditions. The experiment took 
place from the third week of January until the first week ofMarch. 

3.2 Offices 
3.2.1 Location 

The test offices are located at the ground floor (1m above street level) of a single story 
building in Eindhoven, The Netherlands. The window is facing west, with a view out that is 
partially obstructed by a low storage building (height 3m above street level) at a distance of 
approximately 5 m. A drawing of the situation and a picture of the view out are shown in 
Appendix 2. 

3. 2. 2 Dimensions 
The rooms are 3.6 m wide, 5.4 m long and 2.8 m high. They have light walls (p= 0.8), 

grey carpet (p = 0.2), and a light ceiling (p = 0.7). A window covers the total width ofthe 
rooms and ranges from 0.9 m above the floor to the ceiling. The window contains clear 
double-glazing. 

3.2.3 Furniture 
The "standard" office furniture is placed in a "standard" way, with a desk and a 

conference table (desktop reflectance p = 0.6): as is shown in Appendix 2. The office 
contains a telephone and a personal computer, which could he used by the subjects. 
Furthermore, the office is decorated with a poster at the wall facing the subjects and a small 
cupboard to make the office look as realistic as possible. 
One set of chairs with black lining and two sets with dark blue lining were used. The chairs 
were rotated over the three conditions to prevent effects of lining. 

3.2.4 Artificiallighting and lighting level control 
For the variabie artificiallighting office the system consistsof 12 luminaires ofthe type 

Philips TBS 300/2.50 P3, arranged in 3 rows (see Appendix 3). The lamps are controlled to 
produce the lighting pattem shown in Figure 7. 
For the constant artificiallighting office the system consistsof 4luminaires ofthe type 
Philips TBS 630 (635)/ C7-60, arranged in 2 rows (see Appendix 3). 
For the control condition with a constant totallighting level (daylight supplemented with 
artificiallighting), the system consistsof 4luminaires ofthe type Philips TBS 300/2.50 M6, 
arranged in 2 rows (see Appendix 3). Each luminaire was equipped with Luxsense. This way 
it was possible to adjust the lamp flux automatically to the momentary daylight level. 
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The outdoor sunscreen was used to prevent sunlight from entering the room, without totally 
blocking out the possibility to look outside. 
Allluminaires contained fluorescent lamps of colour 4000 K and colour rendering index Ra -
80. 

3.2.5 Monitoring light level 
Data are collected with a specially developed piece of equipment, which consisted of a 

combination of a data logger and a control unit, which can be programmed and read out 
remotely by means of a PC. Illuminance is measured every minute at several positions in the 
room (see Appendix 2). Horizontal illuminance is measured at the desk and the conference 
table; vertical illuminance is measured at the wall in front of the desk, behind the desk and at 
the rear wall next to the door, all at 1.5 m above the floor (about eye-level fora working 
person). 

3.3 Procedure 
To prevent the subjects from having an idea about the objectives ofthe study a 

coverstory was created. We told the subjects that a new computer screen has been developed 
with the purpose to reduce screen flicker, and that it has to be tested before taken into full 
production. Totest the sereens we had set up a comparative study between contemporary and 
new screens. F or this study we needed students who could perform some tasks on the 
computer in a real office environment several times per day, so they could give a good 
evaluation ofthe screen at the end ofthe day. They did not need to be computer experts to 
participate; we were only interested in their subjective personal satisfaction with the screen. 
For the tasks they would have to perform, they only needed some experience with a 
keyboard. In between the computer tasks they were free to study. 

The subjects were welcomed at the testbuilding at 9:00 in the moming. Upon arrival they 
were taken to the room in front of the offices, and received further instructions about their 
workingday. These instructions were as follows: 

they were not allowed to leave the office, other then going to the restroom; 
ifthey wanted tea or coffee, they would only have to call the experimenter, who would 
bring it totheir office (roomservice). This was done in order to provide the subjects with 
decaff coffee; 
the lunch would be spent together with the experimenter; 
a newspaper ofthat day was given to the subjects; 
they were asked nottotalk about the testday, or computer tasks with one another; 
they were requested to ask questions about the experiment at the end of the day; the 
experimenter could not give more information then already given, to keep them 
unprejudiced. 

Following the instructions they were shown totheir own office, and the test-trial was 
started. The scheduling of the testmoments, study-time and other activities (in relation to the 
lighting levels) are shown in figure 7. 
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At the start of each testmoment, subjects were asked to estimate the amount of time spend 
on different kinds of activities in the time between that moment and the previous test. This 
was done to check whether or not there were differences between conditions as to the amount 
of time spend studying. 

3.4 Manipulation of lighting conditions 
To control the lighting levels during the experiment, we hadtoshut out daylight from 

the two experimental conditions. This was done by closing both the outdoor sunscreen and 
indoor vertical or horizontal blinds. To check whether the absence ofwindows had any effect, 
a reference condition that resembied a normal office was used with both artificial- and 
daylight. 
The two experimentallighting conditions without daylight were as follows: 

office with a variabie artificiallighting level ranging from 200 lux to 2100 lux; 
office with a constant artificiallighting level of 1200 lux. 

The lighting levels and changes over time were chosen to result in a equal do se of light for 
both conditions. 
The reference lighting conditions with daylight was as follows: 

office with a constant lighting level of about 1300 lux. 
Alllevels are horizontallighting levels, measured on the centre of the desk. A lighting 

level of 200 lux is considered to be the minimum lighting level necessary in offices. A 
lighting level of 2000 lux represents the highest category of recommended lighting levels. 

3.5 Tests 

3. 5.1 Body temperafure 
The circadian rhythm is mostly indicated by the cycle of (co re) body temperature. But 

the core body temperature is hard to measure. A good alternative for the body temperature is 
the ear temperature. The ear temperature was therefore used as the indicator for body 
temperature. At the start of each testmoment measurements of the ear-temperature were taken 
by the experimenter, using the digital Braun Thermoseau (IRT 1020). The thermometer is 

13 



designed as clinical thermometer. No information was given by the manufacturer about the 
accuracy ofthe thermometer. 

3. 5. 2 Moodtest 
Normally, the momentary affective state of subjectsis assessed using introspective self

reports. The subject consciously has to state how he or she feels at that moment (e.g. the 
PANAS by Watson, Clark & Tellegen, 1988). But serious drawbacks of these subjective 
methods are that the subjects know what is being tested, and that it rests on the assumption 
that subjects are able to consciously evaluate their emotional state in relation tosome 
reference point. To avoid these problems we used a disguised measure ofmood (Hass, Katz, 
Rizzo, Bailey & Moore, 1992) that was presented as a subliminal perception task. 

Subjects were told that they would 'see' a wordpresentedon the computerscreen so 
short (13 msec) that they would see it as a 'flash', but that they can tell which wordit is 
because they can 'feel' the meaning ofthe word. In order to makesure that the subjects could 
not see anything from the stimulus, the stimulus was both pre- and postmasked with #s. 
Following this 'flash', four different response words were presented from which the subjects 
has to choose the word that 'feit' similar in meaning as the stimulus word. Subjects were told 
to guess if necessary, because their guesses would be guided by their subconscious perception 
of the stimulus word. 

One of these 4 response words was either a positive or negative affect label (i.e. word 
with positive or negative meaning like cheerful or down). The other three are neutraL For 
instance, following the stimulus LOWN, subjects had to choose from DA WN, DOWN, 
GOWN, TOWN (NR. 2 is the affect label). 
Figure 8 shows the timepath plus duration of the masks, stimulus and response screen. 

Time 

what: pre-mask stimulus post-mask response selection 

duration: 100 msec 13 msec 100 msec until choice input 

This word was: 

1:DAWN 
xxxxxxx LOWN xxxxxxx 2:DOWN 

3:GOWN 
4:TOWN 

Figure 8. Timepath of the moodtest. 

Five ofthe twenty-five trials were fillers, using only neutral response words. Two 
different sets of stimuli and response words were used altemately to minimise remembering 
which words were chosen. For the complete list of adjectives used see Appendix 4. The 
selection by subjects ofmood wordsin response to ambiguous stimuli is presumed to be an 
indication of how the subjects are feeling at that time. The test is based on the "feelings as 
information" model proposed by Schwarz and Clore (1988). When making a judgement 
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about sernething (ambiguous) according to the "how do I feelabout this" heuristic, the 
"feelings as information" model suggests that the subjects current affective state provides 
extra information that is used by the subject. In other words, one checks one's feelings and 
uses them as a basis for evaluation. In this test it means that the subjects is unable to 
recognise the stimulus as a result if the presentation time and masking. Guided by the 
"choose the word that feels similar to the presented word" rule, the subject is more likely to 
choose mood congruent response words than neutral response words, because the affective 
state is checked when making the choice of response words. 

The mood words (positive or negative) chosen are an indication of the mood state of the 
subjects. The number of mood words chosen is an indication of strengthof the mood. This 
resulted in three affect measurements: 

positive affect (number of positive response words chosen); 
negative affect (number of negative response words chosen); 
composite affect (positive affect score- negative affect score). 

For the composite affect score the sign ofthe score is an indication ofthe affective state 
(positive or negative) and the score is an indication ofthe intensity ofthe affective state. 

3. 5. 3 Attention task 
The attention was assessed by means of a dual task (NAB). One part ofthe task was an 

auditive reaction task; the other part was a cued word reeall task. 
The re action task consisted of ten auditive stimuli with intervals ranging from 1 to 1 0 
seconds. These were generated by the computer in random order. The task ofthe subjects was 
to press an indicated key as fast as possible after the presentation of an auditive stimulus. 

The cued word reeall task consisted of six wordpairs that the subject had to remember 
(see Appendix 5 for list ofwordpairs). 
Shortly before the reaction task started, six wordpairs were presented on the computer screen 
for 30 seconds, see Figure 9. The task ofthe subjects was to remember these wordpairs until 
the end of the reaction task. 

Weight Step 
Army Di stance 
Computer Lake 
Island Cream 
Feet Cover 
Bed Com 

Figure 9. Example ofwordpairsfrom the attention task. 

The words from the left column (on the computer screen) were given in random order 
on a form that the subjects got at the end of the reaction task. The task was to complete the 
wordpairs by filling in the missing words. The mean reaction time and the number of 
correctly recalled words were the measurement of attention. 

3. 5. 4 Cognitive capacity: summation task 
The cognitive capacity was assessed by means of a summatien task (Ekstrom et al., 

1976, cited in DELTA Technica! manual). The task ofthe subject is to add three, two-digit, 
numbers, see Figure 10. The instructien was to work as fast as possible, but only correct 
answers were accepted. This was done to prevent a trade-off between performance speed and 
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The next addition is: 

Answer: 

14 
48 
56 + 

Figure 10. Example of a summation from the cognitive capacity task. 

accuracy. The answer is entered into the computer using the keypad. When an incorrect 
answer was entered, the subject would get a warning and had to make the addition again. The 
mean time necessary to complete the additions was the measurement of performance. 

3.5.5 Visual performance: typing task 
To check how the different lighting conditions influenced visual performance, a typing 

task was used (Boyce, & Eklund, 1996). Blocks of five data-lines, random ten-eharaeter 
alphanumeric strings, were presentedon paper in low contrast (0,22) and fontsize 8, see 
Figure 11. The task ofthe subjects wastoenter these data-lines into the computer as fast as 
possible, but only correctly entered data was accepted. This was done to prevent a trade-off 
between performance speed and accuracy. Upon entering the data, a check was made for 
correctness. Ifthe data was not properly entered, the subjects had tore-enter the data. The 
mean time necessary to complete the en try was the measurement of visual performance. 

Health Plan: ,)PPZh; 'i\'VKi 
Reglon: iJ:' 

Dental Plan: G2C. :\ Z'.: '<'r.'· 
Securlty Code: "":l.'~S:''-'571< 

Certlflcate Number: ; ~Rl AlL0Z:Of~1 F 

Figure 11. Data blockfor visual performance task. 

3. 5. 6 Activation ( arousal) task: time estimation 
The activation state of the subjects was assessed by means of a time estimation task 

(Pfaff, 1968). The task was to produce a time-interval of ten seconds by pressing an indicated 
key twice. The instruction was to begin counting at "0" and press the key at the same time. 
They had to press the key for the second time at the sametime as they counted "10". The idea 
behind this task is that our body temperature affects an intemal clock. When the body 
temperature rises the clock will speed up. This in turn will affect our estimation of time. In 
other words, there is a correlation between bodytemperature and internal-eloek speed. We 
will count faster when our bodytemperature rises. The time interval produced by the subjects 
(number of seconds) is the inverse ofthe intemal clock speed. In other words, a produced 
'shorter interval' is equal toa 'faster running clock' . 

3. 5. 7 Subjeelive ratings 
We also asked the subjects to evaluate at the end ofthe day: 
A. their current mood state; 
B. the workingday; 
C. the lighting condition; 
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D. the lighting levels. 

Ad A: Subjective mood score 
The current mood state ofthe subjects at the end ofthe day was measured subjectively 

using 6 questions. The subjects had to state how they were feeling at that moment using a 9-
point scale ranging for instanee from "good" to "bad". The mean of these six scores is used as 
the 'subjective mood score' . The subjective mood score ranges from 1 to 9. The higher the 
score the more positive the mood. 

Ad B: Workingday evaluation score 
The evaluation ofthe working day was measured using 4 questions. The subjects had to 

state how they evaluated the day working in the office using a 5-point scale ranging for 
instanee from "very pleasing" to "very annoying". The mean of these four scores is used as 
the 'workingday evaluation score'. The workingday evaluation score ranges from 1 to 5. The 
higher the score the more positive the evaluation ofthe workingday. 

Ad C: Lighting evaluation score 
The evaluation ofthe lighting condition was measured using 3 questions. The subjects 

had to state how they evaluated the lighting in the office using a5-point scale ranging for 
instanee from "very pleasing" to "very annoying". The mean of these three scores is used as 
the 'lighting evaluation score'. The lighting evaluation score ranges from 1 to 5. The higher 
the score the more positive the evaluation of the lighting condition. 

Ad D: Evaluation of lighting levels 
At the end ofthe day subjects were also asked to evaluate the lighting levels in the 

offices for four moments: the start and end of both the morning and aftemoon. Answers were 
given using a5-point scale ranging from "much too bright" to "much too dim". The scores on 
these questions are all separately analysed. 

3.6 Measurement of personal characteristics 
There is evidence that individual differences might influence mood or performance, as we 

have shown in the introduction. We therefore assessed three different personal characteristics: 
A. lightsensitivity; 
B. momingness I eveningness; 
C. extravert I introvert. 

To get a more accurate score for lightsensitivity and morningness I eveningness, these 
two characteristics were measured twice. Once at the end ofthe experimental day, and once 
about three months after the experiment has ended. The scores from these two measurements 
are averaged. The correlation ofthe two lightsensitivity scores is 0.48 (p. = 0.002), and the 
correlation ofthe two momingness I eveningness scores is 0.79 (p. < 0.001). 

Ad A: Lightsensitivity 
Lightsensitivity was measured by asking the subjects how much their eyes are giving 

them troubles or how much they suffer from headaches when they are exposed to bright light. 
Answers were given on a 5-point scale ranging from "very much" to "very little". The scores 
on these two questions (from both measurements) were averaged to get the 'lightsensitivity 
score'. The lightsensitivity score ranges from 1 to 5. The higher the score the more sensitive 
the subject is to bright light. The subjects were assigned to either on ofthree groups, basedon 
their 'lightsensitivity score': 
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lightinsensitives, subjects with their lightsensitivity score between the 1 stand 33rd 
percentile of all subjects; 
neither (lightinsensitive nor insensitive ), subjects with their lightsensitivity score between 
the 34th and 66th percentile of all subjects; 
lightsensitives, subjects with their lightsensitivity score between the 67th and 1 ooth 
percentile of all subjects. 

Ad B: Morningness I eveningness 
Morningness or eveningness was measured by asking the subjects to indicate whether 

they are a morning or evening active person. The answer was given on a 5-point scale 
ranging from "definitely morning active" to "definitely evening active". The mean ofthe two 
measurements are used as the momingness I eveningness score. The scale of the morningness 
I eveningness score ranges from 1 to 5. The higher the score the more evening-active a 
subject is. The subjects were assigned to either on ofthree groups, basedon their 
'momingness I eveningness score': 

morning-type persons, subjects with a momingness I eveningness score of 1 or 2. 
neither (moming nor evening type persons), subjects with a momingness I eveningness 
score of3. 
evening type persons, subjects with a momingness I eveningness score of 4 or 5. 

Ad C: Extraversion I introversion 
The characteristic of extraversion versus introversion was measured using the complete 

questionnaire ofthe Myers-Briggs Type Indicator. With this questionnaire 4 factors of 
personal preferenee can be detected. The only one we used for indicating the subjects was the 
extraversion I introversion scale. 

The subjects were assigned to either on of three groups, based on their score on the 
extraversion I introversion scale: 
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introvert, subjects with introversion as type indicator. 



4 Results 

In this chapter we present the results of the two lighting conditions without daylight 
and the reference condition. The results ofthe reference group (office with a window) will be 
given at the end of each paragraph after presenting the results from the two windowless 
offices. Only qualitative comparisons between the results of the reference and other two 
conditions will be made. This was clone because the reference condition differed, besides in 
lighting level, also in lighting direction, in ha ving a view of the outside world and the 
possibility for weather and time-of-day information as aresult ofhaving a window. 

The first step was to analyse the effects of lighting. This was clone by means of an 
ANOVA: 2 (lighting: variabie or constant level, between subjects) x 6 (time, within subjects). 
The second step was analysing the effect of individual characteristics. This was clone by 
means of an ANOVA: 2 (lighting: variabie or constant level, between subjects) x 3 (personal 
characteristics, between subjects) x 6 (time, within subjects). 
Because we have a relatively small sample of subjects we will be liberal when testing effects. 
For all effects we will use a significanee level ofp < 0.10 (two-tailed). 
Subjects and individual characteristics were not evenly distributed among the conditions (for 
a complete overview see appendix 7). 
Only the most important plots will be given in this chapter. Fora complete overview of all 
the results, see appendix 8. 

4.1 Ear temperature 
Effects of lighting and time 

There was no difference between the two lighting conditions: analysis of varianee shows 
no main effect of lighting, nor an interaction between lighting and time, both F < 1, not 
significant (ns). There is however a main effect of time, F (5,155) = 6.28, p < 0.001. 
Follow-up analysis showed that this effect of time was significantfora quadratic and 
cubic trend oftime, F (1,31) = 5.08, p < 0.03, and F (1,31) =16.29, p < 0.001 respectively, 
see Figure 12. 
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Figure 12. Ear temperature. Mean value over the variabie and constant lighting conditions, per 
testmoment. all subiects. 

The temperature of all subjects decreased from the start ofthe day until the lunch. During 
lunch, the temperature increased to the samelevel as where it started at 9:30 in the 
moming. After the lunch the temperature decreased only a little during the aftemoon. The 
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differences are only .25 oe. We found no confirmation for the fourth reserch question: no 
indication are found for a change of the intemal rhythrn as a result of the different lighting 
conditions. 

Effects of lightsensitivity 
There was a close to significant main effect oflightsensitivity, F (2,27) = 2.41, p = 0.109. 
The mean temperature over the day ofthe "neither insensitive nor sensitive"- group 
(36.9 oe) was higher than that ofthe insensitives (36.6 oe) and sensitives (36.6 oe), see 
Figure 13. No interaction between lightsensitivity and lighting was found, F (2,27) < 1, ns. 
There was also no interaction between lightsensitivity and time, or lightsensitivity, lighting 
and time, both F (10, 135) < 1.13, ns. 
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Figure 13. Ear temperature. Mean va/ue over the variabie and constant lighting conditions, per 
lightsensitivity group and testmoment, all subjects. 

Because the lightsensitive and -insensitive subjects did not differ intheir temperature and 
because there are no interactions oflighting, time and lightsensitivity, it could be that the 
main effect of lightsensitivity was just the result of chance. 

Effects of morningness I eveningness 
There was no main effect of morningness I eveningness, nor an interaction between 
morningness I eveningness and lighting, both F (2,27) < 1, ns. There was also no 
interaction between morningness I eveningness and time, or morningness I eveningness, 
lighting and time, both F (10, 135) < 1, ns. 
This means that there are no effects of momingness I eveningness on the body 
temperature. 

Effects of extraversion I introversion 
There was no main effect of extraversion I introversion, nor an interaction between 
extraversion I introversion and lighting, both F (2,27) < 1.66, ns. There was also no 
interaction between extraversion I introversion and time, or extraversion I introversion, 
lighting and time, both F ( 10, 13 5) < 1.41, ns. 
This means that there are no effects of extraversion I introversion on the body temperature. 

No confirmation was found for effects of individual charactistics on the ear temperature 
during the day. 
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Reference condition 
A significant effect of time was found, F (5,70) = 2.41, p = 0.045. Follow-up analysis 
showed that this effect was significant for the linear trend, F (1,14) = 12.38, p 0.003. The 
effect ofthe cubic trend was close to significant, F (1,14) = 3.03, p = 0.104, see Figure 14. 
In the daylight condition the temperature ofthe subjects droppeda little from the first to 
the second testmoment After that a clear rise of the temperature can be seen during the 
rest ofthe day. This pattem is the normal daytime pattem, see Figure 2. The actual rise of 
the temperature is very small, only .3 °C. This time pattem of ear temperature is different 
from that in the variabie and constant lighting conditions. 
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Figure 14. Ear temperature. Mean value in the reference condition per testmoment, all subjects. 

Effects of individual characteristics in the reference condition 
No main effect of lightsensitivity, momingness I eveningness or extraversion I 
introversion was found, all F (2,12) < 1, ns. 
Also no interactions between time and lightsensitivity, time and momingness I 
eveningness or time and extraversion I introversion were found, all F (1 0,60) < 1.36, ns. 

4.2 Mood 
We present the results found for the three different mood scores in the following order: 
positive mood, negative mood and finally the results of the composite mood score. Three 
subjects were excluded from the analysis. One subject indicated that he did not perform the 
mood test seriously. From two subjects data was lost because of a computer failure during 
one or more tests. This leaves 30 subjectsin the variabie and constant lighting condition 
together, and 15 in the reference condition. 

4.2.1 Positive mood 
The number of positive moodwords chosen during the moodtest results in the positive mood 
score. Because there are 10 positive moodwords in each test, the scale of positive mood 
ranges from 0 to 1 0. 

Effects of lighting and time 
A significant difference between the two lighting conditions was found, F (1,28) = 4.13, 
p < .052. The positive affect score, mean value per condition over the day, was higher in 
the variabie condition (mean = 3.01) than in the constant lighting condition (mean = 2.60), 
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see Figure 15. This means that the mood ofthe subjects was more positive in the variabie 
lighting condition than in the constant lighting condition. No main effects of time were 
found; also the interaction between lighting and time was not significant, both F (5,140) 
< 1, ns. This means that there is no difference between the 6 testmoments. 
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Figure 15. Positive mood score. Mean value in the variabie and constant lighting condition per 
testmoment, 30 subjects. 

The first research question was whether the variabie lighting conditions couid result in a more 
positive mood compared to the constant Iighting condition. The resuits show that it did. The 
positive mood score in the variabie Iighting condition is higher than in the variabie Iighting 
condition. The second research question was whether mood fellows the light pattems 
( variabie or constant) over the day. The results show that this is not the case. The mood score 
is as good as constant throughout the day. 

Effects of lightsensitivity 
There was no main effect oflightsensitivity, nor an interaction between Iightsensitivity 
and lighting, both F (2,24) < 1, ns. There was aiso no interaction between Iightsensitivity 
and time, or Iightsensitivity, Iighting and time, both F (10,120) < 1.39, ns. This means that 
there is no effect of lightsensitivity on the positive mood. 

Effects of morningness I eveningness 
There was no main effect of morningness I eveningness, nor an interaction between 
morningness I eveningness and lighting, both F (2,24) < 1.09, ns. There was also no 
interaction between morningness I eveningness and time, or morningness I eveningness, 
Iighting and time, both F (1 0, 120) < 1, ns. 
This means that there are no effects of morningness I eveningness on the positive mood 
score. 

Effects of extraversion I introversion 
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There was no main effect of extraversion I introversion, nor an interaction between 
extraversion I introversion and lighting, both F (2,24) < 1, ns. There was however a 
significant interaction between extraversion I introversion and time, F (10,120) = 1.84, 
p = 0.06, see Figure 16. No interaction between extraversion I introversion, lighting and 
time was found, F (10, 120) < 1.08, ns. Follow-up analysis showed that the interaction 
between extraversion I introversion and time was only significant for the cubic trend, F 
(2,24) = 2.85, p = 0.08. 



The effect was caused by an increased moodscore of the extraverts at 11 :00, and a 
decreased positive moodscore of the introverts at 15: 15. But because there is no 
interaction with the two lighting conditions we will not further discuss this effect. 
These results show that there is no interaction between extraversion I introversion, lighting 
and time. 
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Figure 16. Positive mood score. Mean value over the variabie and constant lighting condition per 
extraversion I introversion group and testmoment, 30 subjects. 

The third research question was whether individual characteristics have an effect on mood, in 
relation with the lighting conditions and the time of day. Lightsensitivity did notaffect the 
mood score between conditions, nor over time. The high lighting levels in the variabie 
condition did not affect the mood score of the lightsensitives. Momingness I eveningness and 
extraversion I introversion did also not affect the mood between conditions, or over time. 

Reference condition 
A main effect of time was found, F (5,70) = 2.41, p = 0.045, see Figure 17. Follow-up 
analysis showed however no significant effect for either the linear, quadratic or cubic 
trend. The mean positive mood score in the reference condition is 3.18. This is higher than 
in both conditions without daylight. 
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Figure 17. Positive mood score. Mean value in the reference condition per testmoment, all subjects. 
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Effects of individual characteristics in the reference condition 
No main effect oflightsensitivity, morningness I eveningness or extraversion I 
introversion was found, all F (2,12) < 1.93, ns. 
Also no interactions between time and lightsensitivity, time and momingness I 
eveningness or time and extraversion I introversion were found, all F (10,60) < 1, ns. 

4.2.2 Negative mood 
The number of negative moodwords chosen during the moodtest results in the negative mood 
score. Because there are 10 negative moodwords in each test, the scale of negative mood 
ranges from 0 to 10. 

Effects of lighting and time 
No main effect oflighting was found, F (1,28) < 1, ns. Both the main effect of time, and 
the interaction between lighting and time was not significant, both F (5 ,140) < 1, ns, see 
Figure 18. This means that there are no differences between the lighting conditions in 
negative mood score, or between the different testmoments. 
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Figure 18. Negative mood score. Mean value in the variabie and constant lighting condition per 
testmoment, 30 subjects. 

The results show that different lighting conditions could not result in different negative mood 
scores. No confirmatien was found for the first research question. Also, the negative mood 
did nat follow the light pattem over the day; showing no confirmatien for the second research 
question. 

Effects of lightsensitivity 
There was no main effect oflightsensitivity, nor an interaction between lightsensitivity 
and lighting, both F (2,24) < 1, ns. There was also no interaction between lightsensitivity 
and time, or lightsensitivity, lighting and time, both F (10, 120) < 1.07, ns. 
This means that there are no effects of lightsensitivity on the negative mood score. 

Effects of morningness I eveningness 
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Th ere was no main effect of morningness I eveningness, nor an interaction between 
momingness I eveningness and lighting, both F (2,24) < 2.43, ns. There was also no 
interaction between momingness I eveningness and time, or morningness I eveningness, 
lighting and time, both F (10, 120) <I , ns. 



This means that there are no effects of momingness I eveningness on the negative mood 
score. 

Effects of extraversion I introversion 
There was no main effect of extraversion I introversion, nor an interaction between 
extraversion I introversion and lighting, both F (2,24) < 1, ns. There was also no 
interaction between extraversion I introversion and time, or extraversion I introversion, 
lighting and time, both F (10, 120) < 1.37, ns. 
This means that there are no effects of extraversion I introversion on the negative mood 
score. 

The third research question was whether individual characteristics influence the negative 
mood in relation with the lighting conditions and the time of day. Lightsensitivity did not 
affect the negative mood score: the lightsensitive subjects did not have a higher negative 
moodscore as a result of the high lighting levels in the variabie lighting condition. 
Morningness I eveningness and extraversion I introversion did also not affect the negative 
moodscore. 

Reference condition 
No main effect of time was found, F (5,70) < 1, ns, see Figure 19. The mean negative 
mood score in the reference condition is 2.58. This is between the negative mood score in 
the variabie condition (mean = 2.80) and the constant lighting condition (mean = 2.61). 
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Figure 19. Negative mood score. Mean value in the reference condition per testmoment, all subjects. 

Effects of individual characteristics in the reference condition 
No main effect oflightsensitivity, or extraversion I introversion was found, all F (2,12) 
< 1, ns. A main effect ofmomingness I eveningness was found F (2,12) = 3.61, p = 0.059, 
see Figure 20. The mean negative mood score over the day for the eveningtype (2.83) and 
"neither" type (2.50) subjects was greater than that ofthe morningtype subjects (0.00). But 
because only one subject was present in the morningtype group, this effect will not be 
discussed further. Also no interactions between time and lightsensitivity, time and 
momingness I eveningness or time and extraversion I introversion were found, all F 
(1 0,60) < 1.26, ns. 
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Figure 20. Negative mood score. Mean value in the reference condition per morningness I 
eveninf!ness wouv and testmoment. all subiects. 

4.2.3 Composite mood 
The composite mood score is the total number of positive words chosen minus total number 
of negative words chosen. Therefore the sign of the composite mood score is indicative of the 
general mood. Ifthe sign ofthe score is+, than the general mood ofthe subjectsis positive. 
Ifthe sign ofthe score is-, than the general mood ofthe subjectsis negative. 
The scale of the composite mood score ranges from -10 to + 10. 

Effects of lighting and time 
No main effect oflighting was found, F (1,28) < 1, ns. Also the main effect of time and the 
interaction between lighting and time was not significant, both F (5,140) < 1.07, ns, see 
Figure 21 . This means that the mean composite mood scores of the variabie lighting 
condition (.21) and the constant lighting condition (-.01) are not significantly different, 
and that there are no significant differences over time in the composite mood scores. 
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Figure 21. Composite mood score. Mean value in the variabie and constant /ighting conditions, 
per testmoment, 30 subjects. 

The composite moodscore gives no confirmation for the first research question: the different 
lighting conditions do not affect the composite moodscore. There is also no confirmation for 
the second research question, the composite moodscore does not show different pattems over 
the day in the different lighting conditions. 
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Effects of lightsensitivity 
No main effect oflightsensitivity was found, nor an interaction between lightsensitivity 
and lighting, both F (2,24) < 1, ns. Also no interaction between lightsensitivity, lighting 
and time was found, both F (10,120) < 1, ns. This means that there are no effects of 
lightsensitivity on the composite mood score. 

Effects of morningness I eveningness 
A close to significant main effect of morningness I eveningness was found, F (2,24) 
= 2.48, p < 0.11, see Figure 22. The mean composite moodscore over the day ofthe 
momingtype group (-.10) was lower than that ofboth the "neither" group (.20) and the 
everringtype group (.19). No interaction between momingness I eveningness and lighting 
was found, F (2,24) = 2.05, ns. There was also no interaction between momingness I 
eveningness and time, or momingness I eveningness, lighting and time, both F (1 0, 120) < 
1.13, ns. 
This means that there is some effect of momingness I eveningness on the composite mood 
score. 

"C 1,5 
0 
0 1 E 
G) 

0,5 -en 
0 
c. 0 
E 
0 u -0,5 

9:30 11:00 12:30 13:45 

Time 
15:15 16:45 

- morningtype 
__...__ neither 

-a-eveningtype 

Figure 22. Composite mood score, mean value in the variabie and constant lighting conditions per 
morningness I eveningness group and testmoment, 30 subjects. 

Effects of extraversion I introversion 
There was no main effect of extraversion I introversion, nor an interaction between 
extraversion I introversion and lighting, both F (2,24) < 1, ns. There was also no 
interaction between extraversion I introversion and time, or extraversion I introversion, 
lighting and time, both F (10,120) <1, ns. 

The third research question was whether individual characteristics have an effect on the mood 
in relationship with the lighting conditions and time of day. Lightsensitivity did notaffect the 
mood as indicated by the composite moodscore, neither did extraversion I introversion. 
Momingness I eveningness did make some difference, the morningtype subjects had a less 
positive mood than both the everringtype and "neither" type subjects. 

Reference condition 
No significant effect of time was found, F (5,70) < 1, ns, see Figure 23. The mean 
composite mood score in the reference condition is 0.60. This is higher than in both 
conditions without daylight. It indicates that the overall mood ofthe subjectsin the 
reference condition was a bit more positive. 
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Figure 23. Composite mood score, mean value in the reference condition per testmoment, all subjects. 

Effects of individual characteristics in the reference condition 
No main effect oflightsensitivity, or extraversion I introversion was found, all F (2,12) 
< 1, ns. A main effect ofmomingness I eveningness was found F (2,12) = 5.74, p = 0.059, 
see Figure 24. The mean composite moodscore over the day for the morningtype subjects ( 
2.50) was greater than that of both the everringtype (.55) and "neither" type (.17) subjects. 
But because only one subject was present in the momingtype group, this effect will not be 
discussed further. 
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Figure 24. Composite mood score. Mean va/ue in the reference condition per morningness I 
eveningness group and testmoment, all subjects. 

4.3 Attention task: word reeall and auditive reaction 
Before we analyse the results of the auditive reaction task, we first have to check whether 
there were differences between the lighting conditions and groups representing individual 
characteristics (lightsensitivity etc.) on the word reeall task. Attention can be divided between 
the two tasks, resulting in a pay-off situation. A good performance on the word reeall task 
could lead to a bad performance on the reaction task, and vice versa. If the cognitive load, i.e. 
the number of coriectly recalled words, is equal in all groups, the differences in reaction time 
can be interpreted as an indication of differences in attention. 

4.3.1 Word reeall task 
For the word recall6 subjects were leftout ofthe analysis. Two because data was lost as a 
result of a computer failure, two because there was an error in two of the forms, one because 
the subject had misunderstood the instructions, and one because the reaction time was 
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extreme (>3 x Stand. Dev.). This Ieaves 27 subjects for anaiysis in the variabie and constant 
Iighting conditions together and 15 in the reference condition. 
The nurnber of correctly recalled words represents the cognitive Ioad during the reaction task. 
More words correctly recalled means that the cognitive Ioad was higher. Because there were 
six wordpairs that had to be remembered, the scaie of this performance task ranges from 0 to 
6. 

Effects of lighting and time 
No main effect oflighting was found, F (1,25) < 1, ns. We found a significant main effect 
of time, F (5,125) = 2.08, p = 0.072. But the interaction between Iighting and time was not 
significant, F (5,125) < 1, ns. Follow-up anaiysis showed that the main effect for time was 
not significant for either the Iinear, quadratic or cubic trend, all F (1 ,25) = 2.18, p > 0.152, 
see Figure 25. The nurnber of correctly recalled words drops during the moming from 4.3 
at 9:30 to 3.6 at 12:30. During the aftemoon the number of correctly recalled words does 
notchange and is roughiy 4.3. The cognitive Ioad for the auditive reaction task was 
therefore dependent ofthe testmoment, i.e. the time of day. 
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Figure 25. Word reeall score. Mean value over the variabie and constant lighting conditions per 
testmoment. 27 subiects. 

There is no confirmatien for the first two research questions. The nurnber of correctiy 
recalled wordsis notdifferent in the variabie and constant Iighting conditions. Neither 
does the performance ofthe subjects show a pattem that resembles the lighting pattem. 

Effects of lightsensitivity 
No main effect of lightsensitivity, nor an interaction between lightsensitivity and lighting 
was found, both F (2,21) < 1, ns. There was also no significant interaction between 
lightsensitivity and time, or lightsensitivity, lighting and time, both F (1 0, 1 05) < 1, ns. 
This means that there are no effects of lightsensitivity on the nurnber of correctly recalled 
words. 

Effects of morningness I eveningness 
No main effect ofmomingness I eveningness, nor an interaction between momingness I 
eveningness and lighting was found, both F (2,21) < 1, ns. There was also no significant 
interaction between momingness I eveningness and time, or momingness I eveningness, 
lighting and time, both F (10, 105) < 1, ns. 
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Effects of extraversion I introversion 
No main effect of extraversion I introversion, nor an interaction between extraversion I 
introversion and lighting was found, both F (2,21) < 2.03, ns. There was also no 
significant interaction between extraversion I introversion and time, or extraversion I 
introversion, lighting and time, both F (1 0, 1 05) < 1, ns. 
This means that there are no effects of extraversion I introversion on the word reeall task. 

The third research question is whether individual characteristics can influence performance in 
relationship with the different lighting conditions and time. The results show no effect of 
either one of the individual characteristics. 

Reference condition 
No significant effect oftime was found, F (5,70) < 1, ns, see Figure 26. This means that 
the mean number of correctly recalled words (4.12) in the reference condition is 
independent of time and that the cognitive load was the same at all testmoments. 
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Figure 26. Word reeall score. Mean value in the reference condition per testmoment, all subjects. 

Effects of individual characteristics in the reference condition 
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No main effect ofmorningness I eveningness, or extraversion I introversion was found, all 
F (2,12) < 1, ns. A main effect oflightsensitivity was found F (2,12) = 3.32, p = 0.071, see 
Figure 27. The mean number of correctly recalled words over the day for the insensitive 
subjects (4.9) was greater than that ofboth the sensitive subjects (3.8) and "neither" type 
(3.4) subjects. No interactions between time and lightsensitivity, morningness I 
eveningness, or extraversion I introversion were found, all F (2, 12) < 1.66, ns. 
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Figure 27. Word reeall score. Mean value in the reference condition per lightsensitivity group and 
testmoment, all subjects. 

There is a difference between the variabie and constant lighting condition and reference 
condition. In the first two a time effect can be seen which is not present in the reference 
condition, and lightsensitivity only makes a difference in the reference condition. 

4.3.2 Attention task: auditive reaction task 
The mean reaction time (in combination with the cognitive load, i.e. the number of correctly 
recalled words) is the measure of attention. When the reaction time gets long er attention 
decreases. Because the results from this task are to be interpreted together with the word
reeall task, the subjects whoare leftout ofthe word-reeall analysis arealso excluded from 
this analysis. 

Effects of lighting and time 
No main effect oflighting was found, F (1,25) < 1, ns. There is however a significant main 
effect of time, F (5,125) = 4.24, p = 0.001. No interaction between lighting and time was 
found, F (5,130) < 1, ns. Follow-up analysis showed that the main effect of time was 
significant for the linearand quadratic trend, F (1,25) = 6.46, p = 0.018, F (1,25) = 3.95, 
p = 0.058 respectively, see Figure 28. The overall trend is that the subjects got faster, 
indicating a better performance, as the day went by (see also Figure 3, subjective alertness, 
which shows a decreasing alertness from 12:00 to 17:00). This performance increment can 
be understood best as a learning effect (see for instanee Anderson, 1995). 

Cl) 

E 290+--a~--------~~----------------~ 

~ 1f 280+-----~~--~------~~~------------_, 
0 t/) 

+ï E 210 +---------=:.,__------------------~:--------1 uns e 260+---------------------------------~~_, 

250+-----~----~------r-----~----~----_, 

9:30 11:00 12:30 13:45 15:15 16:45 
Time 

Figure 28. Reaction time. Mean value over the variabie and constant lighting condition, 28 
subiects. 
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There is no confirmatien for the first two research questions. Neither is there a difference 
between Iighting conditions in the reaction time, nor does the reaction time follows the time 
of day pattem of the Iighting. 

Effects of lightsensitivity 
A close to significant main effect ofiightsensitivity was found, F (2,21) = 2.49, p = .107, 
see Figure 29. The mean reaction time over the day ofthe Iightsensitives (290 msec) is 
Ionger than that ofthe "neither' group (279 msec) and the insensitives (266 msec). 
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Figure 29. Reaction time. Mean vaiue over the variabie and constant /ighting condition, per 
/ightsensitivity group and testmoment, 27 subjects. 

Aiso a significant interaction between Iightsensitivity and Iighting was found, F (2,21) < 
3.06, p = 0.068, see Figure 30 and 31. The mean reaction time over the day ofthe 
Iightsensitive subjectsis Ionger in constant lighting condition (304 msec) than in the 
variabie Iighting condition (272 msec). The mean reaction time over the day ofthe 
Iightinsensitive subjectsis shorterin constant Iighting condition (236 msec) than in the 
variabie Iighting condition (276 msec). The mean reaction time over the day ofthe 
"neither" type group is shorter in constant Iighting condition (272 msec) than in the 
variabie lighting condition (289 msec). No interaction between Iightsensitivity and time, or 
Iightsensitivity, lighting and time was found, both F (10,110) < 1, ns. 
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Figure 30. Reaction time. Mean vaiue in the variabie /ighting condition, per iightsensitivity group 
and testmoment, 14 subjects. 
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Figure 31. Reaction time. Mean value in the constant lighting condition, per lightsensitivity group 
and testmoment, 13 subjects. 

Effects of morningness I eveningness 
No main effect ofmorningness I eveningness was found, both F (2,22) < 1.93, ns. We 
found an interaction between momingness I eveningness and Iighting, F (1,22) = 4.65, 
p = 0.042, see Figure 31 and 32. The mean reaction time over the day ofthe morningtype 
subjects was shorter in the constant Iighting condition (228 msec) than in the variabie 
Iighting condition (282 msec). For the eveningtype subjects the mean reaction time over 
the day was shorter in the variabie Iighting condition (279) than in the constant Iighting 
condition (285). 
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Figure 32. Reaction time. Mean value in the variabie lighting condition, per morningness I 
eveningness group and testmoment, 14 subjects. 
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Figure 33. Reaction time. Mean value in the constant /ighting condition, per morningness I 
eveningness group and testmoment, 13 subjects. 
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There was no significant interaction between morningness I eveningness and time, or 
momingness I eveningness, lighting and time, both F (1 0, 11 0) < 1.11, ns. 

Effects of extraversion I introversion 
No main effect of extraversion I introversion, nor an interaction between extraversion I 
introversion and lighting was found, both F (2,21) < 1, ns. There was also no significant 
interaction between extraversion I introversion and time, F (1 0,1 05) = 1.14, ns. There was 
however a significant interaction between extraversion I introversion, lighting and time, 
F (10, 110) < 3.80, p < 0.001. Follow-up analysis showed that this interaction effect was 
significant for the linear, quadratic and cubic trend, F (2,21) = 8.90, p = 0.002, F (2,21) 
= 3.64, p = 0.044, and F (2,21) = 3.10, p = 0.066 respectively, see Figure 34 and 35. 

The mean reaction time of the extraverts in the variabie lighting condition gets longer as 
the day goes by, indicating a decreasing performance. The mean reaction time ofthe 
extraverts in the constant lighting condition gets shorter as the day goes by, indicating an 
increasing performance. The introverts in the constant lighting condition show no change 
at all over time. The introverts in the variabie lighting condition show an increasing 
performance during the moming and a decrement during the lunch resulting in roughly the 
same reaction time justafter lunch (291 msec) as at the start ofthe day (286 msec). This 
was foliowed by an increasing performance during the rest of the aftemoon. The "neither" 
type group shows almost the same pattem in both lighting conditions. An increasing 
performance during the first half of the moming, foliowed by a decreasing performance 
during the second part ofthe morning. After the lunch the performance is again better, but 
during the aftemoon no strong performance increment is present. 
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Figure 34. Reaction time. Mean va/ue in the variabie /ighting condition per extraversion I 
introversion group and testmoment, 14 subjects. 

The third research question is whether individual characteristics have an effect on 
performance in relationship with both the lighting condition and the time of day. The results 
show that there are effects. 

34 



-0 
Cl) 
en 
E -Cl) 

E .. 
c 
0 .. 
0 
CU 
Cl) ... 

400 

350 

300 

250 

200 
9:30 11:00 12:30 13:45 

Time 

15:15 16:45 

---- extraverts 
(constant 
lighting) 

--'JIE- neither 
(constant 
lighting) 

-a- introverts 
(constant 
lighting) 

Figure 35. Reaction time. Mean value in the constant lighting condition per extraversion I 
introversion group and testmoment, 13 subjects. 

Reference condition 
No effect of time was found, F (5,70) = 1.53, ns, see Figure 36. This means that the mean 
reaction time in the reference condition (291 msec) was independent ofthe time of day. 
This in contradiction with the subjects in the variabie and constant Iighting condition who 
became faster as the day went by. 
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Figure 36. Reaction time. Mean value in the reference condition, all subjects. 

Effects of individual characteristics in the reference condition 
No main effects of Iightsensitivity, momingness I eveningness, or extraversion I 
introversion, were found, all F (2,12) < 1, ns. Aiso no interactions oftime and 
Iightsensitivity, momingness I eveningness, or extraversion I introversion were found, all 
F (1 0,60) <1, ns. 

4.4 Cognitive capacity: sommation task 
The mean time necessary to soive a probiem is the measure of cognitive performance. Two 
subjects were Ieft out of the anaiysis because a computer faiiure during one or more tests 
resulted in a Ioss of data. This Ieaves 31 subjectsin the variabie and constant Iighting 
condition together, and 15 in the reference condition for anaiysis. 
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Effects of lighting and time 
No main effect oflighting were found, F (1,29) < 1, ns. However a significant main effect 
of time was found, F (5,145) = 4.30, p = 0.001. Follow -up analysis showed that main 
effect of time was only significant for the linear trend, F (1,29) = 11.05, p = 0.002, see 
Figure 37. The mean time necessary to solve a problem decreased until the end ofthe day, 
meaning that the performance got better. This can be understood best as a learning effect. 
No interaction between lighting and time was found, F (5,145) < 1, ns. 
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Figure 37. Cognitive capacity: summation time. Mean va/ue over the variabie and constant lighting 
conditions per testmoment, 31 subjects. 

There is no confirmation for the first two research questions. The variabie and constant 
lighting conditions did not result in performance differences. Neither did the performance 
show a pattem that could be related to one of the lighting pattems. 

Effects of lightsensitivity 
No main effect of lightsensitivity, nor an interaction between lightsensitivity and lighting 
was found, both F (2,25) < 2.37, ns. There was also no interaction between lightsensitivity 
and time, or lightsensitivity, lighting and time, both F (10, 125) < 1.38, ns. 
This means that there are no effects of lightsensitivity on the negative mood score. 

Effects of morningness I eveningness 
No main effect ofmomingness I eveningness, nor an interaction between momingness I 
eveningness and lighting was found, both F (2,25) < 1, ns. There was also no interaction 
between morningness I eveningness and time, or momingness I eveningness, lighting and 
time, both F (10, 125) < 1, ns. 
This means that there are no effects of momingness I eveningness on the negative mood 
score. 

Effects of extraversion I introversion 
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No main effect of extraversion I introversion, nor an interaction between extraversion I 
introversion and lighting was found, both F (2,25) < 1, ns. Th ere was also no interaction 
between extraversion I introversion and time, or extraversion I introversion, lighting and 
time, bothF (10, 125) < 1, ns. 



The third research question is whether individuai characteristics result in performance 
differences in reiationship with the lighting conditions and the time of day. The results show 
that individuai characteristics do not resuit in performance differences. 

Reference condition 
A significant effect of time was found, F (5,70) = 2.55, p = 0.035. Follow-up anaiysis 
showed that the effect was significant for the Iinear trend oniy, F (1 ,14) = 6.32, p = 0.025, 
see Figure 38. This means that the mean time to soive a probiem gets shorter with every 
testmoment This must he understood as a Ieaming effect, justas in the variabie and 
constant Iighting conditions. This performance pattem is not different from that in the 
variabie and constant Iighting conditions. 
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Figure 38. Cognitive capacity: summation time. Mean value in the reference condition per 
testmoment. all subiects. 

Effects of individual characteristics in the reference condition 
No main effects oflightsensitivity, momingness I eveningness, or extraversion I 
introversion, were found, all F (2, 12) < 1.14, ns. Aiso no interactions of time and 
Iightsensitivity, or extraversion I introversion were found, both F (1 0,60) <1 , ns. We found 
however a significant interaction of time and momingness I eveningness, F (10,60) = 2.39, 
p .018, see Figure 39. Follow-up anaiysis showed that this effect was significant for the 
quadratic and cubic trend, F (1,14) = 3.02, p = 0.087, and F (1,14) = 3.20, p = 0.077 
respectiveiy. The eveningtype subjects show a small decrement in performance during the 
morning, foliowed by increasing performance during the aftemoon and a small decrement 
at the end ofthe day. The momingtype subjects showastrong increment during the 
moming, and an increasing performance towards the end ofthe day. The "neither" type 
group show an increase in performance during the moming and a relatively stabie 
performance during the aftemoon and a small increment in performance at the end of the 
day. 
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Figure 39. Cognitive capacity: summation time. Mean value in the reference condition per 
morningness eveningness group and testmoment, all subjects. 

This pattem is different from that in the variabie and constant lighting condition, but it 
should be stated that the morning group exists of only one subject. 

4.5 Visual performance: typing task 
The mean time necessary to complete the entry of a data string is the measure of visual 
performance. Three subjects were leftout ofthe analysis. Two because a computer failure 
during one or more tests resulted in a loss of data, and one because the data entry time was 
extreme (>3 x Stand. Dev.) on 4 testmoments. This leaves 30 subjectsin the variabie and 
constant lighting condition together, and 15 in the reference condition for analysis. 

Effects of lighting and time 
No main effect oflighting was found, F (1 ,28) < 1, ns. However a significant main effect 
of time was found, F (5,24) = 7.79, p < 0.001 . Follow -up analysis showed that this time 
effect was significant for both the linearand quadratic trend, F (1 ,28) = 27.70, p < 0.001, 
F (1,28) = 14.35, p = 0.001, see Figure 40. No interaction between lighting and time was 
found, F (5,145) < 1, ns. 
The mean time necessary to enter a data string decreased until the end of the morning and 
is relatively stabie during the afternoon. The overall performance got better during the day. 
This must be understood as a learning effect in typing, not in visual performance. 
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Figure 40. Visual performance: data entry time. Mean value over the variabie and constant lighting 
conditions oer testmoment. 30 subiects. 



No confirmation has been found for the first and second research questions. There is no 
difference in performance between the variabie and constant Iighting conditions. And the 
performance does not show a reiationship with either one of the Iighting pattems over the 
day. 

Effects of lightsensitivity 
No main effect ofiightsensitivity, nor an interaction between Iightsensitivity and Iighting 
was found, both F (2,24) < 1, ns. There was aiso no interaction between Iightsensitivity 
and time, or Iightsensitivity, Iighting and time, both F (10, 120) < 1, ns. 
This means that there are no effects of Iightsensitivity on the visuai performance. 

Effects of morningness I eveningness 
No main effect ofmomingness I eveningness, nor an interaction between momingness I 
eveningness and Iighting was found, both F (2,24) < 1, ns. There was aiso no interaction 
between morningness I eveningness and time, or morningness I eveningness, Iighting and 
time, both F (10, 120) < 1, ns. 
This means that there are no effects of momingness I eveningness on the visuai 
performance. 

Effects of extraversion I introversion 
No main effect of extraversion I introversion, nor an interaction between extraversion I 
introversion and Iighting was found, both F (2,24) < 2.24, ns. No interaction between 
extraversion I introversion and time was found, F (1 0, 120) 1.16, ns. Ho wever a significant 
interaction between extraversion I introversion, Iighting and time was found, F (10, 120) 
= 1.67, p = 0.095. Follow-up anaiysis showed that this effect was significant for the cubic 
trend oniy, F (2,24) = 2.66, p 0.091, see Figure 41 and 42. The effect was caused by the 
extraverts in the variabie Iighting condition who showed a sharp decrease in performance, 
i.e. a Ionger data en try time, at the fifth testmoment ( 15: 15) after which the performance 
became a better again. The extraverts in the constant Iighting condition show an increase 
in performance untii the fifth testmoment (15:15) foliowed by a small decrement in 
performance at the end ofthe day. 
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Figure 41. Visua/ performance: data entry time. Mean value in the variabie lighting condition per 
extraversion I introversion group and testmoment, 16 subjects. 
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Figure 42. Visual performance: data entry time. Mean value in the constant lighting condition per 
extraversion I introversion group and testmoment, 14 subjects. 

The third research question is whether individuai characteristics influence performance in 
relationship with iighting and the time of day. The resuits show that iightsensitivity and 
morningness I eveningness does not have an effect on performance. Extraversion I 
introversion does however influence performance. The extraverts perform different at the end 
of the day in the variabie and constant iighting conditions. 

Reference condition 
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A significant effect of time was found within the reference condition, F (5,70) = 6.48, 
p < 0.001. Follow-up anaiysis showed that this was significant for the iinear trend, 
F (1 ,14) = 13.28, p = 0.003 and the cubic trend, F (1,14) = 3.37, p = 0.088, see Figure 43. 
The mean time necessary toenter a data string decreased during the day, with a better 
performance at 11 :00 than couid he expected from the iinear trend. The overall increasing 
performance during the day must he understood as a iearning effect in typing , not in 
visuai performance. There is no difference between the reference condition and both the 
variabie and constant iighting conditions. 
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Figure 43. Visua/ performance: data entry time. Mean value in the reference condition per 
testmoment. all subiects. 



Effects of individual characteristics in the reference condition 
No main effects oflightsensitivity, momingness I eveningness, or extraversion I 
introversion, were found, all F (2,12) < 1.37, ns. Also no interactions between time and 
lightsensitivity or extraversion I introversion were found, both F (1 ,14) < 1.54, ns. 
Ho wever a significant interaction of time and momingness I eveningness was found, 
F (1,14) = 1.80, P = 0.08, see Figure 44. Follow-up analysis showed that the effect was 
significant for the linear trend only, F (1,14) = 4.51, p = 0.035. The eveningtype subjects 
show almost no performance improvement, but both the "neither" -group and the 
eveningtype subjects did. lt should be stated however that the group of eveningtype 
subjects, which show the greatest improvement, was made up of only one subject. 
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Figure 44. Visua/ performance: data entry time. Mean value in the reference condition per 
morningness I eveningness group and testmoment, all subjects. 

4.6 Activation (arousal): time estimation task 
The time interval produced by the subjects (number of seconds) is the measurement of 
activation. The faster the subjects count (i.e. higher bodily activatien I arousal), the shorter 
the time interval gets that the subjects produces. Four subjects were excluded from the 
analysis. Two because a computer failure resulted in a loss of data, one because the subject 
reported a mistake during on ofthe tests, and one because the subjects scored extreme on this 
task (>3 x Stand. Dev.). This leaves 29 subjectsin the variabie and constant lighting 
condition together, and 15 in the reference condition for analysis. 

Effects of lighting and time 
A main effect oflighting was found, F (1,27) = 4.81, p = 0.037, see Figure 45. The mean 
time interval produced in the variabie lighting condition (1 0.6 sec.) is shorter than that in 
the constant lighting condition (12.6 sec.), in other words, the subjectsin the variabie 
lighting condition counted faster than those in the constant lighting condition. 
No main effect of time, nor an interaction oflighting and time was found, both F (5,23) 
< 1.92, ns. 
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Figure 45. Activation: time estimation task. Mean value in the variabie and constant lighting 
condition per testmoment, 29 subjects. 

The first research question is whether the variabie and constant lighting condition result in a 
different performance. The results show that there are effects of lighting. There is ho wever no 
confirmatien for the second research question: the activatien of the subjects does not follow 
the lighting pattems in the variabie and constant lighting conditions. 

Effects of lightsensitivity 
No main effect of lightsensitivity, nor an interaction between lightsensitivity and lighting 
was found, both F (2,24) < 1.25, ns. There was also no interaction between lightsensitivity 
and time, or lightsensitivity, lighting and time, both F (10, 120) < 1.36, ns. 
This means that there are no effects of lightsensitivity on time estimation. 

Effects of morningness I eveningness 
No main effect of morningness I eveningness, nor an interaction between morningness I 
eveningness and lighting was found, both F (2,24) < 1, ns. There was also no interaction 
between morningness I eveningness and time, or momingness I eveningness, lighting and 
time, both F (10, 120) < 1, ns. 
This means that there are no effects of momingness I eveningness on time estimation. 

Effects of extraversion I introversion 
No main effect of extraversion I introversion, nor an interaction between extraversion I 
introversion and lighting was found, both F (2,24) = 1.53, ns. There was also no 
interaction between extraversion I introversion and time, or extraversion I introversion, 
lighting and time, both F (10, 120) < 1, ns. 
This means that there are no effects of extraversion I introversion on time estimation. 

The third research question is whether individual characteristics have an effect on the 
activatien either in relationship with the lighting conditions or the time of day. The results 
show no effect of either lightsensitivity, momingness I eveningness, or extraversion I 
introversion. 

Reference condition 
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No effect of time was found in the reference condition, F (5,70) = 1.78, ns, see Figure 46. 
The mean produced time intervals (over the day) ofthe subjectsin the reference condition 
(11.1 sec) is shorter than that ofthe subjectsin the constant lighting condition (12.6 sec) 
and longer than that ofthe subjectsin the variabie lighting condition (10.6 sec). 
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Figure 46. Activa/ion: time estimation. Mean value in the reference condition per testmoment, all subjects. 

Effects of individual characteristics in the reference condition 
No main effects of lightsensitivity, morningness I eveningness, or extraversion I 
introversion were found, all F (2,12) < 1, ns. Also no interactions between time and 
lightsensitivity, momingness I eveningness, or extraversion I introversion were found, all 
F (1,14) < 1.04, ns. 

4. 7 Subjective evaluations 
In this part the results from the subjective evaluations will be presented in the following 
order: subjective mood, evaluation ofthe workingday, evaluation ofthe lighting conditions 
and evaluation of the lighting levels. The first step was to analyse effects of lighting, this was 
done by means ofthe following ANOVA: 2 (lighting: variabie or constant level, between 
subjects). The second step was to analyse the effect ofindividual characteristics. This was 
done by means of an ANOVA: 2 (lighting: variabie or constant level, between subjects) x 3 
(personal characteristics, between subjects). 
Because we have a relatively small sample of subjects we will be liberal when testing effects. 
For all effects we will use a significanee level ofp < 0.10 (two-tailed). 

4.7.1 Subjective mood 
The mood of the subjects was measured using a subjective questionnaire. This questionnaire 
consisted of six questions. Each question had to be answered using a 9-point scale (that was 
labelled at the ends with opposite adjectives, for instanee positive-negative, or good-bad). 
The mean of these separate scores was used as the subjective mood score, the Cronbachs 
Alpha ofthe scale is .85. This shows that the questions measure the sameconcept and that 
they may be averaged to get one moodscore. The scale ofthe subjective mood score ranges 
from 1 to 9. The higher the score the more positive the mood. Two subjects were leftout of 
the analysis because of errors in the questionnaire. This leaves 31 subjects in the variabie and 
constant lighting conditions together, and 15 subjectsin the reference condition for analysis. 

Effects of lighting 
No effect oflighting was found, F (1,29) < 1, ns. This means that the subjective mood in 
the variabie lighting condition (6.0) was not significantly different from that in the 
constant lighting condition (6.0) at the end ofthe day. 

No confirmatien was found for the first research question: the variabie and constant lighting 
conditions did not result in different mood states. 
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Effects of lightsensitivity 
No main effect of lightsensitivity, nor an interaction between lighting and lightsensitivity 
was found, both F (2,25) 1.26, ns. This means that lightsensitivity did not have an effect 
on the current mood state ofthe subjects at the end ofthe day. 

Effects of morningness I eveningness 
No main effect of morningness I eveningness, nor an interaction effect between lighting 
and morningness I eveningness was found, both F (2,25) < 1.03, ns. This means that 
morningness I eveningness did nothave an effect on the current mood state ofthe subjects 
at the end ofthe day. 

Effects of extraversion I introversion 
No main effect of extraversion I introversion, nor an interaction effect between lighting 
and extraversion I introversion was found, both F (2,25) = 2.04, ns. This means that 
extraversion I introversion did not have an effect on the current mood state of the subjects 
at the end ofthe day. 

The third research question is whether individual characteristics result in mood differences in 
relationship with the lighting conditions. The results show that individual characteristics do 
not result in mood differences. 

Reference condition 
The mean moedscore in the reference condition (5.9) is notdifferent from that in both the 
variabie and constant lighting condition. Thus, after a day working with or without 
windows, the subjective mood was not different. 
No effects of lightsensitivity, morningness I eveningness, or extraversion I introversion 
were found, all F (2,12) < 1.42, ns. This means that individual characteristics had no effect 
on the moedscore in the reference condition. 

4.7.2 Subjective evaluation ofthe workingday 
The workingday was evaluated using four questions. Each question had to be answered using 
a5-point scale (that was labelled at the ends with opposite adjectives, for instanee interesting
boring, or pleasing-annoying). The mean of these four separate scores was used as the 
workingday score; the Cronbachs Alpha ofthe scale is 0.77 (therefore theseparate scores 
may be averaged to one score). The scale ofthe workingday score ranges from 1 to 5. The 
higher the score the more positive the evaluation ofthe workingday. All subjects were used 
for analysis. 

Effects of lighting 
The mean workingday score in the variabie lighting condition (3.2) was not significantly 
different from that in the constant lighting condition (3 .1 ), F ( 1 ,31) < 1, ns. This means 
that after spending the whole day in the offices, there was no difference in the evaluation 
of the workingday in the variabie and constant lighting condition. 

Effects of lightsensitivity 
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No main effect of lightsensitivity, nor an interaction between lighting and lightsensitivity 
was found, both F (2,25) < 2.11, ns. This means that lightsensitivity did not have an effect 
on the evaluation of the workingday in the variabie and constant lighting condition. 



Effects of morningness I eveningness 
No main effect of momingness I eveningness, nor an interaction effect between lighting 
and momingness I eveningness was found, both F (2,24) < 1.21, ns. This means that 
momingness I eveningness did not have an effect on the evaluation of the workingday in 
the variabie and constant lighting condition. 

Effects of extraversion I introversion 
No main effect of extraversion I introversion, nor an interaction effect between lighting 
and extraversion I introversion was found, both F (2,25) < 1, ns. This means that 
extraversion I introversion did nothave an effect on the evaluation of the workingday in 
the variabie and constant lighting condition. 

Reference condition 
The mean workingday evaluation score in the reference condition (3.4) is comparable to 
that in both the variabie and constant lighting condition. 
No effects oflightsensitivity, momingness I eveningness, or extraversion I introversion 
were found, all F (2,12) < 1.47, ns. This means that individual characteristics had no effect 
on the workingday evaluation score in the reference condition. 

4. 7.3 Subjective evaluation of the lighting condition 
The lighting condition was evaluated using three questions. Each question had to be answered 
using a5-point scale (that was labelled at the ends with opposite adjectives, for instanee 
stimulating-tiring, or pleasing-annoying). The mean of these three separate scores was used 
as the lighting condition evaluation score; the Cronbachs Alpha ofthe scale is 0.71 (therefore 
the separate scores may be averaged to one score). The scale of the lighting condition 
evaluation score ranges from 1 to 5. The higher the score the more positive the evaluation of 
the lighting condition. All subjects were used for analysis. 

Effects of lighting 
The mean lighting condition score in the variabie lighting condition (2. 7) was significantly 
different from that in the constant lighting condition (3.1), F (1,31) = 3.18, p = 0.084. This 
means that after spending the whole day in the offices, the subjective evaluation of the 
lighting level was more positive in the constant than in the variabie lighting condition. 

Effects of lightsensitivity 
No main effect oflightsensitivity, nor an interaction between lighting and lightsensitivity 
was found, both F (2,27) < 1, ns. This means that lightsensitivity did not have an effect on 
the evaluation of the lighting condition. 

Effects of morningness I eveningness 
No main effect of morningness I eveningness, nor an interaction effect between lighting 
and momingness I eveningness was found, both F (2,26) < 1, ns. This means that 
momingness I eveningness did not have an effect on the evaluation of the lighting 
condition. 

Effects of extraversion I introversion 
No main effect of extraversion I introversion, nor an interaction effect between lighting 
and extraversion I introversion was found, both F (2,27) < 1, ns. This means that 
extraversion I introversion did nothave an effect on the evaluation ofthe workingday. 
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Reference condition 
The evaluation ofthe lighting condition in the reference condition (8.9) wasnotdifferent 
from that in both the variabie and constant lighting condition. 
No effects oflightsensitivity, morningness I eveningness, or extraversion I introversion 
were found, all F (2,12) < 2.57, ns. This means that individual characteristics had no effect 
on the lighting condition evaluation score in the reference condition. 

4. 7.4 Evaluation of the lighting levels 
The evaluation of the lighting levels, was measured using the following answers: "much too 
bright" (5), "too bright" (4), "not too bright, not too dim" (3), "too dim" (2), and "much too 
dim" (1). The evaluation was made at the end ofthe day. Subjects had to give their apinion 
for the moments that the lighting level in the variabie lighting condition was at its lowest 
level (start and end ofthe day) and highest level Gust before and after lunch). Before 
presenting the results, it must be said that a lot of subjects used the "do not remember" (sixth 
answer possibility), for the two moments during the morning. 

Effects of lighting 
There was only a significant effect of lighting on the evaluation of the lighting level at the 
end ofthe day, F (1,30) = 7.86, p = .009. The lighting level in the variabie lighting 
condition was evaluated as about "too dim" (mean = 2.2). The lighting level in the 
constant lighting condition was evaluated as "not to dim, not to bright" (mean = 3.1). 

Effects of lightsensitivity 
Only a main effect of lightsensitivity was found for the evaluations of the lighting level for 
the moments "just after lunch" and "at the end ofthe day", F (2,21) 6.37, p = .007, F 
(2,26) = 3.54, p = .044. There was however no interaction between lighting and 
lightsensitivity, all F < 1.21 , ns. For both moments the lightsensitives thought the lighting 
level to be brighter (3.50, 3.07 respectively) than the insensitives (2.88, 2.22 respectively) 
and 'neither sensitive nor insensitive' (2.86, 2.33 respectively) group. This can be seen as 
both an indication that the individual characteristic of lightsensitivity was measured 
correctly, but also that more light is necessary for insensitives to result in a positive 
evaluation ("not too dim, nor too bright"). 

Effects of morningness I eveningness 
No main effects of morningness I eveningness, nor interaction between lighting and 
morningness I eveningness were found, all F < 1.55, p < 0.24. This means that there is no 
effect of morningness I eveningness on the evaluation of lighting levels. 

Effects of extraversion I introversion 
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No main effect of extraversion I introversion was found, all F < 2.49, p < 0.113. Only an 
interaction between lighting and extraversion I introversion was found for the evaluation 
ofthe "lighting level at the start ofthe day", F (2,20) = 5.05, p = 0.017. The extraverts 
thought the lighting level in the variabie lighting condition to be dimmer (2. 7) than in the 
constant lighting condition (3.5). The introverts thought the lighting level to be brighter in 
the variabie lighting condition (3.8) than in the constant lighting condition (2.8). 



5 Discussion and recommendations for forther research 

In this chapter we will discuss the results, draw conclusions and give practical and theoretica! 
recommendations. 

5.1 Ear temperafure 
Because our intemal circadian rhythm has a period of about 24.2 hours, it has to be 

reset each day to the 24-hour clock time. Light has the ability to reset the clock. In order to 
check whether the biologica! rhythms ofthe subjects has changedas aresult ofthe different 
lighting conditions, the ear temperature was measured six times a day. The results show that 
the pattem of the ear temperature was not different for the variabie and constant lighting 
conditions. The temperature in both conditions decreased during the morning, rose during 
lunch and remained as good as stabie during the aftemoon. The subjects in the reference 
condition however showed a clear temperature rise during the day. 

This temperature riseis what is expected, see for instanee Figure 2 and 3. One ofthe 
reasons why we did not find the expected rise of body temperature in the two experimental 
offices is that we did notmonitor the subjects activity during the day, i.e.takinga walk to the 
restroom, since this bodily activity results in changing temperatures. The subjectsin the 
reference condition could look outside when they wanted some distraction. Subjects from the 
experimentallighting conditions could not look outside and may therefore take more often a 
short break and walk to the restroom. Research into circadian rhythms uses constant routines 
in which behaviour and activity is minimised, see for instanee Boivin et al. (1994). Another 
reason is that in research into circadian rhythms the temperature is measured every minute 
(Boivin et al., 1994). We only measured every 90 minutes. This leaves very little room for 
excluding extreme measurements, caused by activity. 

The condusion therefore must be that it is hard to assess whether there are any changes 
in circadian rhythms as a result of the different lighting conditions used in this experiment. 
Research question for can therefore not be answered. 

The body temperature reaches its minimum around 6:00 and its maximum around 
22:00. These two moments are both beyond the limits ofthis research. Thus even when the 
temperature is measured every minute, it will be hard to fit a circadian rhythm. 

Recommendations for further research are therefore to extent the period of testing to a 
few weeks, and log the sleep-wake behaviour of the subjects. Changes in the sleep-behaviour 
(e.g. going earlier or later to bed) can be used as an indication of a changing circadian 
rhythm. A second recommendation is to include older people in the experiment. Y oung 
people are more flexible when it comes to sleep rhythms compared to older people. Therefore 
the (extent of) effect oflight may depend on the age ofthe subjects. 

5.2 Lighting, mood and subjective evaluations 
Since mood is fairly easy influenced (see for instanee Zeelenberg, & Aarts, 1999), the 

aim of this study is to investigate to what extent mood could be influenced by changing 
lighting levels. A variabie and constant lighting condition were used to assess the effect of 
light. The results clearly show that the variabie lighting condition has led to a more positive 
mood, compared to the constant lighting condition. Both the negative and composite mood 
was not affected by the two experimentallighting conditions. No differences were found in 
the subjective mood measured at the end of the day between the variabie and constant 
lighting condition. Neither lightsensitivity, nor morningness I eveningness, or extraversion I 
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introversion resulted in mood changes in relationship with the lighting conditions. Because at 
all six testmoments the positive mood score was higher in the variabie lighting condition than 
in the constant lighting condition, it could be the case that there is a relationship between the 
lighting level, time of day and mood. In other words, low ( or high) illuminance levels could 
leadtoa more positive mood, but only at certain moments ofthe day. The variabie light 
pattem could unconsciously be perceived as natural. 

Research has shown that both dimly and brightly lit environments can lead to a more 
positive mood (Baron et al., 1992; Partonen et al., unpublished). Baron, Rea, and Daniels for 
instanee found that low illuminance levels of about 150 lux resulted in a more positive mood 
than 1500 lux. Their subjects stayed however less than one hour in the lit environment. It 
could therefore be the case that relatively more subjects participated in the study at times that 
low illuminance levels leadtoa more positive mood, that is at the startand end ofthe day. 
Whether the moments ofbright light in the variabie lighting condition could have ledtoa 
more positive mood as a result of circadian influences (change of circadian phase or 
amplitude) is hard to tell. In patients whosuffer from Seasonal Affective Disorder, the mood 
enhances only after a couple of days of bright light exposure. And the results from the ear 
temperature measurements can not be used to assess any biologica! changes. 

Results from research into mood has shown that positive mood changes over the course 
ofthe day, and that negative mood remains fairly stabie (Watson et al., 1999). Ifpositive 
mood is more susceptible to change than negative mood it could also be more sensitive to 
changes in lighting levels than negative mood. This could be the reason why the lighting 
conditions resulted in different positive moedscores and not in different negative mood 
scores. The fact that the subjective mood score wasnotdifferent for the two experimental 
lighting conditions could because the difference in mood state ofthe subjects between the 
lighting conditions as indicated by the mood test (2.60 vs. 3.01) was too small for the subjects 
to describe verbally. 

The condusion drawn from these results is that the lighting changes as they occur over 
the day should not be masked by changes in artificiallighting. Lighting control systems that 
measure the amount of daylight present in an office and automatically adjust the lamp light
output should therefore not be used. 

To further strengthen the idea that changing light levels leadtoa more positive mood 
the following recommendations for further research are given. 

In future research a lighting level that follows an inverted circadian rhythrn (bright at 
the startand end ofthe day, and dim at lunchtime) could be used. Iflight that follows a daily 
pattem leadstoa more positive mood because it is perceived as 'natural', the inverted 
circadian rhythrn should lead to a less positive mood because it is perceived as 'unnatural'. 

Longer periods of subject participation should be considered, in other words, subjects 
who work a few weeks in the lighting conditions. Circadian mood effects should be more 
pronounced after a few weeks. 

The present experiment was conducted during the wintermonths, in which resetting the 
circadian clock plays a role. During the summer months there are less circadian problems. 
Possibly, the relationship between light and mood is different during the summermonths. 

Also the possibility of short duration changes in lighting levels ( comparable to cl ouds 
moving in front ofthe sun) might be worthwhile to investigate (see also Boyce, 1996). Biner 
( 1991) showed that sudden changes in lighting levels results in changes of arousal. 
Incorporating short duration lighting level changes in the experiment could strengthen the 
hypothesis that sensory deprivation, as suggested by Stone (1992), plays a role in the lit 
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environment. In our experiment the changes may he to gradual to have a strong effect on 
arousal. 

Because the lighting levels at the end of the day in the variabie lighting condition were 
evaluated as being too dim, especially for the light insensitive subjects, future research should 
use higher lighting levels. 

One comment has to he made. The present study was designed to resembie a normal 
working day as good as possible. This evidently has its drawbacks. The light exposure of the 
subjects during non-working hours is not known in this experimental set-up, justas the 
impact of social "Zeitgebers" which play a role in the resetting of the doek (see for instanee 
Wegscheider Hyman, 1990). 

5.3 Lighting and visual performance 
The aim of this task was to assess whether the low lighting levels at the start and end of 

the day impaired the visual performance. The results show no effect of lighting on the 
performance of this task. Only a very strong time effect, almost throughout the day increasing 
performance, was found which was independent of lighting conditions. The most plausible 
explanation for this effect is that this task was more than only a visual performance task. The 
task was to copy data lines from paper into a computer. This task involves reading, keeping 
the data-strings in memory, and typing them into the computer. The strong trend of time can 
therefore he explained best by learning effects, in both typing and cognitive performance 
(keeping the data-lines in memory). A second explanation can he that we used only young 
subjects. With ageing the visual performance gets worse (Kaufman, & Christensen, 1984). 
Even though the subjects from our experiment show no performance decrement at the end of 
the day when the lighting is at its minimum, older subjects probably would. 

The condusion therefore must he that this task is not usabie as a tool to assess visual 
performance. No answer can he given from the results on the research question whether the 
lighting levels influence visual performance. 

The recommendation for future research is therefore to use results from other research, 
that make use of Landolt-rings, to give a theoretica! prediction of visual performance under 
the lighting levels used, see for instanee the lES Lighting Handhook (Kaufman, & 
Christensen, 1984 ). 

5.4 Lighting and cognitive performance 
The aim of the experiment was to assess the effect of different lighting conditions on 

cognitive performance. The results show ho wever no effect of lighting on either one of the 
tasks. The word reeall task and the summation task show only an effect of time, the auditive 
reaction task also shows some effects of individual characteristics. The most likely cause of 
this result is that most of the tests are too sensitive to learning effects, making it difficult to 
detect any effect of lighting conditions. Boyce et al. (1996) for instanee found also only 
learning effects on their cognitive performance tasks, even while their subjects had practised 
more. Also no main effects of morningness I eveningness, or extraversion I introversion were 
found, as was suggested by results from Bodenhausen (1990), May et al. (1998), and Blake 
(1971). Interactions between lighting and individual characteristics were only present in the 
reaction task. The lightsensitives were faster in the variabie lighting condition, than in the 
constant lighting condition, but the insensitives and "neither"type group showed no 
differences. The morningtypoe subjects were faster in the constant lighting condition, than in 
the variabie lighting condition. We are however very cautious drawing condusions from 
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these results. First because only one task showed these effects, and second because the groups 
that showed effects existed only oftwo or three subjects. 

The conclusions therefore are that these tasks are too vulnerable to learning effects to 
show any possible effect of lighting conditions. 

Therefore the recommendation for future research is that these tasks are not used in 
future research. 

5.4 Light and activation 
The last task that has to be discussed is the activation ( or arousal) task, i.e. the time 

estimation task. The idea behind this task is that the bodily arousal is related to an intemal 
'clock'. Higher arousal states, as indicated by higher bodytemperatures, result in a faster 
running clock. Withafaster running clock subjects are thought to count faster. The aim of 
this task was to assess differences between lighting conditions, or changes over time of 
bodily arousal. The results show that there is a difference between the variabie and constant 
lighting condition. Subjectsin the variabie lighting condition counted faster than those in the 
constant lighting condition, indicating a higher state of arousal. No relationship has been 
found however between the lighting level changes and the time estimation. Biner (1991) 
showed that suddenly changing lighting levels result in changing arousal states. Increasing 
the lighting level, as compared to the adaptation level, resulted in increasing arousal, and 
decreasing the lighting level resulted in decreasing arousal. The fact that we did not find time 
effects, could betheresult ofthe gradually changing lighting levels, which gives the subjects 
enough time to adapt. Correlations between time estimation and body temperature were 
found, but they were as often positive as negative. 

The condusion therefore must be that the activation state ofthe subjectsin the variabie 
lighting condition is higher than that ofthe subjectsin the constant lighting condition. 

To further strengthen the idea that light can affect arousal, it is recommended that in 
future research short duration lighting level changes are introduced, resembling clouds 
covering the sun. Since this task takes very little time it can be used many times during the 
day. 

5.5 Mood and performance 
Mood can influence cognition by altering the processing, or working memory capacity 

(Oaksford et. al., 1996). In this view both positive and negative mood facilitate the retrieval 
of mood congruent material from long-term memory (Isen, Shalker, Clark & Karp, 1978; 
cited in Zeelenberg, & Aarts, 1999). This material will be processed and thereby reducing the 
capacity in the working memory that can be used for the task to be performed. People seem to 
have more positive material in long term memory, which means that the capacity reducing 
effect should be stronger for positive moods. A negative mood can, on the other hand, also 
raise performance goals because the negative moods may lower the person's satisfaction with 
potential outcomes (Cervone, Kopp, Schaumann & Scott, 1994). 
Even though these hypotheses indicate that mood may have effect on cognitive performance 
we found no relationships between mood and performance scores. 
One of the reasoos for that might be that some of the subjects referred to the testmoments as a 
break between two blocks of study time. During this break they could set their mind on 
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sernething else than studying and "boost their ego" (mood enhancement) by trying to perferm 
as good as possible. 

The recommendation for future research is to use more behavioural tasks to investigate 
the effectsoflight on mood. Tasks such as those used by Baron, Rea, and Daniels (1992), 
may be useful. 

Some remarks have to be made in generaL We did not capitalise for chance. In other 
words, a significant effect could be the result of chance itself because there were many 
analyses conducted. 

Another important remark that has to be made concerns the analysis into the effects of 
individual characteristics. For analysing the effects of individual characteristics we used an 
ANOVA: 2 (lighting: variabie or constant level, between subjects) x 3 (personal 
characteristics, between subjects) x 6 (time, within subjects). This way we analysed one 
characteristic at a time. This is however not really correct. Actually, we had to use the 
following ANOVA: 2 (lighting, between subjects) x 3 (lightsensitivity, between subjects) x 3 
( morningness I eveningness, between subj ects) x 3 ( extraversion I introversion, between 
subjects) x 6 (time, within subjects). When analysing one effect, say lightsensitivity, effects 
of morningness must be rouled out. When individual characteristics are interrelated analysing 
one characteristic at a time is not possible. 

The correct analysing method would lead to empty cells because there were too few 
subjects. This analysis alone has 54 cells that need to be filled, with preferably at least 2 
subjects in each cell. This would lead to a minimum of 108 subjects, assuming that all the 
characteristics are equally divided among the subjects. 

The recommendation for future research is therefore that the subjects must be screened 
(individual characteristics) before participation in the experiments. With the results from the 
screening it is possible to match subjects with the same characteristics. This gives the 
opportunity to di vide subjects with the same individual characteristics equally over 
conditions. Another advantage of screening is that the experimenter can choose subjects of 
special interest (for instanee only evening-type subjects). 
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Appendix 1: Lighting levels during the day in the 3 conditions 
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Appendix 2: Map offices 

D 
Lightcell 

Lightcell 

Closet 

I 

Lightcell < 5,4 m 

Figure 47. Office map. 

Figure 48. View from the office ofthe reference condition 
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Appendix 3: Lamp placement in offices 

A A A A A A 

A A A A A A \ 
A: Philips TBS 300/2.50 P3 

Figure 49. Lamp placement in the office with variabie lighting condition. 

B B 

B B 

B: Philips TBS 630 (635)/ C7-60 (constant artificiallighting office). 
B: Philips TBS 300/2.50 I M6 (reference condition). 

Figure 50. Lamp placement in the office with the constant and reference lighting condition. 
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Appendix 4: List of adjectives from the moodtest 

Positive Negative 

Set 1 Set 1 
Fijn (Fine) Neerslachtig (Down) 
Gezond (Whole) Triest (Sunk) 
Tevreden (Satisfied) Naar (Annoyed) 
Blij (Cheerful) Depressief (Depressed) 
Opgewekt (Pleased) Ontmoedigd (Discouraged) 
Veilig (Secure) Kwaad (Mad) 
Actief (Active) Gespannen (Tense) 
Kalm (Calm) Nerveus (Nervous) 
Zeker (Sure) Onzeker (Uncertain) 
Prettig (Joyful) Frustratie (Frustration) 

Set 2 Set2 
Goed (Good) Treurig (Unhappy) 
Sterk (Strong) Verdrietig (Sad) 
Zelfverzekerd (Confident) Onwaardig (Unworthy) 
Ontspannen (Relaxed) Somber (Gloomy) 
Aangenaam (Agree) Eenzaam (Lost) 
Gelukkig (Happy) Woede (Anger) 
Lekker (Pleasent) Bezorgd (Anxious) 
Voldaan (Contented) Verward (Confused) 
Verheugd (Glad) Hopeloos (Hopeless) 
Vrolijk (Merry) Vervelend (Uncomfortable) 
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Appendix 5: Words from the attention task: cued word reeall 

pretest 

Letter (Letter) Signaal (Sign) 
Koningin (Queen) Maan (Moon) 
Lucht (Air) Vee (Cattle) 
Wolf (Wolf) Strand (Beach) 
Bank (Bank) Verlies (Loss) 
Merk (Mark) Gat (Hole) 

test 1 test 2 

Neus (Nose) Uitgave (Expence) Gewicht (Weight) Stap (Step) 
Cake (Cake) Glas (Glass) Leger (Army) Afstand (Distance) 
Dochter (Daughter) Verrassing (Surprise) Computer (Computer) Meer (Lake) 
Pagina (Page) Hemel (Heaven) Eiland (lsland) Slagroom (Cream) 
Veldslag (Battle) Kind (Child) Voet (Foot) Kaft (Cover) 
Buurman (Neighbour) Handel (Trade) Bed (Bed) Graan (Com) 

test 3 test 4 

Zee (See) School (School) Stad (Town) Afval (Waste) 
Gordijn (Curtain) Wet (Law) Schouder (Shoulder) Brug (Bridge) 
Geluid (Sound) Bloed (Blood) Meter (Meter) Buiten (Outside) 
Voorbeeld (Example) Wang (Cheek) Boer (Farmer) Front (Front) 
Woord (Word) Ster (Star) Prins (Prince) Voedsel (Food) 
Kalender (Calendar) Uur (Hour) Oceaan (Ocean) Hoogte (Hight) 

test 5 test 6 

Dokter (Doctor) Fruit (Fruit) Groente (Vegetable) Cel (Cell) 
Commissie (Committee) Veld (Field) Cement (Cement) Tuin (Garden) 
Pijp (Pipe) Kennis (Knowledge) Zilver (Silver) Beest (Beast) 
Band (Band) Vuil (Dirt) Baby (Baby) Trein (Train) 
Stoel (Chair) Pers (Press) Ouder (Parent) Hal (Hall) 
Groep (Group) Leraar (Teacher) Minuut (Minute) Kap (Hood) 
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Appendix 6: Subjective evaluations and personaf characteristics 
questionnaire 

Subjective mood score 
The current mood state ofthe subjects at the end ofthe day was measured subjectively using 
the following questions: 

How are you feeling at this moment? 
The answer was given on a 9-point scale ranging from "good" to "bad". 

To what extent do you feelat ease? 
The answer was given on a 9-point scale ranging from "very much" to "not at all". 

In which mood are you at this moment? 
The answer was given on a 9-point scale ranging from "positive" to "negative". 

How vigorous do you feel yourself at this moment? 
The answer was given on a 9-point scale ranging from "very much" to "not at all". 

How are you feeling at this moment? 
The answer was given on a 9-point scale ranging from "relaxed" to "tense". 

How are you feeling at this moment? 
The answer was given on a 9-point scale ranging from "cheerful" to "sad". 

The scores from these 6 questions are summed to get the 'subjective mood score'. The 
subjective mood score ranges from 6 to 54. The higher the score the more positive the mood. 

Workingday evaluation score 
The evaluation of the working day was measured using the following questions: 

What did you think of the day working in this office? 
The answer was given on a 5-point scale ranging from "very interesting" to "very 
boring". 

What did you think of the day working in this office? 
The answer was given on a 5-point scale ranging from "very stimulating" to "very 
tiring". 

What did you think of the day working in this office? 
The answer was given on a 5-point scale ranging from "very pleasing" to "very 
annoying". 

How fast did you think this day went by? 
The answer was given on a 5-point scale ranging from "very fast" to "very slow". 

The scores from these 4 questions are summed to get the 'workingday evaluation score'. The 
workingday evaluation score ranges from 4 to 20. The higher the score the more positive the 
evaluation ofthe workingday. 

Lighting evaluation score 
The evaluation of the lighting condition was measured using the following questions: 
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What did you think of the lighting in this office? 
The answer was given on a 5-point scale ranging from "very interesting" to "very 
boring". 

What did you think of the lighting in this office? 
The answer was given on a 5-point scale ranging from "very stimulating" to "very 
tiring". 

What did you think of the lighting in this office? 
The answer was given on a 5-point scale ranging from "very pleasing" to "very 
annoying". 



The scores from these 3 questions are summed to get the 'lighting evaluation score'. The 
lighting evaluation score ranges from 3 to 15. The higher the score the more positive the 
evaluation of the lighting condition. 

Evaluation of lighting levels 
The lighting levels were evaluated using the following questions: 

What did you think of the lighting at the start of the day? 
The answer was given on a 5-point scale ranging from "much too bright" to "much 
too dim". A 6th category was "I do not remember". 

What did you think ofthe lightingjust before lunch? 
The answer was given on a 5-point scale ranging from "much too bright" to "much 
too dim". A 6th category was "I do not remember". 

What did you think ofthe lightingjust after lunch? 
The answer was given on a 5-point scale ranging from "much too bright" to "much 
too dim". A 6th category was "I do not remember". 

What did you think of the lighting at the end of the day? 
The answer was given on a 5-point scale ranging from "much too bright" to "much 
too dim". A 6th category was "I do not remember". 

The scores on these questions are all separately analysed. 

Lightsensitivity 
Lightsensitivity was measured by asking the subjects the following questions: 
- How much do you suffer from headaches, when you are exposed to bright light? 

The answer was given on a5-point scale ranging from "very much" to "very little", a 
6th category was "I am never bothered by bright light". 

How much are your eyes giving you troubles, when you are exposed to bright light? 
The answer was given on a5-point scale ranging from "very much" to "very little", a 
6th category was "I am never bothered by bright light". 

The scores from these 2 questions are summed to get the 'lightsensitivity score'. 

Morningness I eveningness 
Momingness or eveningness was measured using the following question: 

Indicate whether you are a moming or evening active person. 
The answer was given on a 5-point scale ranging from "definitely moming active" to 
"definitely evening active". 

The score on this question ranges from 1 to 5. 

Extraversion I introversion 
The characteristic of extraversion versus introversion was measured using the complete 
questionnaire ofthe Myers-Briggs Type Indicator. 
From this questionnaire only the extraversion I introversion scale was used. 
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Appendix 7: Division of individual characteristics 

The di vision of all subjects among the different charcateristics and conditions is shown in 
table 1. 

Lightsensitivity Momingness I Extraversion I 
eveningness introversion 

Variabie insensitive 7 moming 8 extravert 4 
lighting neither 5 neither 4 neither 8 
condition sensitive 4 everring 4 introvert 4 
Constant insensitive 3 moming 2 extravert 5 
lighting neither 10 neither 1 neither 5 
condition sensitive 4 everring 14 introvert 7 
Reference insensitive 6 morning 1 extravert 7 
condition neither 4 neither 3 neither 3 
(daylight) sensitive 5 everring 11 introvert 5 
Total insensitive 16 morning 11 extravert 16 

neither 19 neither 8 neither 16 
sensitive 13 everring 29 introvert 16 

Table I. Division of all subjects among the conditions and individual characteristics. 

For the visual performance, positive-, negative- and composite-mood analyses the division is 
shown in table 2. Bold numbers indicate that one or more subjects from that cell are excluded 
from the analyses. 

Lightsensitivity Momingness I Extraversion I 
eveningness introversion 

Variabie insensitive 7 morning 8 extravert 4 
lighting neither 5 neither 4 neither 8 
condition sensitive 4 everring 4 introvert 4 
Constant insensitive 2 morning 2 extravert 5 
lighting neither 9 neither 1 neither 5 
condition sensitive 3 everring 11 introvert 4 
Reference insensitive 6 morning 1 extravert 7 
condition neither 4 neither 3 neither 3 
(daylight) sensitive 5 everring 11 introvert 5 
Total insensitive 15 moming 11 extravert 16 

neither 18 neither 8 neither 16 
sensitive 12 everring 26 introvert 13 

Tab/e 2. Division ofthe subjectsin the analyses ofvisual performance, positive-, negative- and 
composite-mood among the conditions and individual characteristics. 
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For the attentiontask (word-recall task, and reactiontask) analyses the division is shown in 
table 3. Bold numbers indicate that one or more subjects from that cell are excluded from the 
analyses. 

Lightsensitivity Momingness I Extraversion I 
evenin~ess introversion 

Variabie insensitive 6 morning 7 extravert 4 
lighting neither 5 neither 3 neither 7 
condition sensitive 3 evening 4 introvert 3 
Constant insensitive 2 mornin_g_ 2 extravert 4 
lighting neither 7 neither 0 neither 4 
condition sensitive 4 evenin_g_ 11 introvert 5 
Reference insensitive 6 moming 1 extravert 7 
condition neither 4 neither 3 neither 3 
(daylight) sensitive 5 evening 11 introvert 5 
Total insensitive 14 moming 10 extravert 15 

neither 16 neither 6 neither 14 
sensitive 12 evening 26 introvert 13 

Table 3. Division ojthe subjectsjor the attentiontask analyses among the conditions and individual 
characteristics. 

For the activationtask (time estimation) analyses the division is shown in table 4. Bold 
numbers indicate that one or more subjects from that cell are excluded from the analyses. 

Lightsensitivity Morningness I Extraversion I 
evenil!&ness introversion 

Variabie insensitive 7 mornil!& 7 extravert 3 
lighting neither 5 neither 4 neither 8 
condition sensitive 3 evening 4 introvert 4 
Constant insensitive 2 moming 2 extravert 5 
lighting neither 8 neither 1 neither 5 
condition sensitive 4 evening 11 introvert 4 
Reference insensitive 6 mornin_g_ 1 extravert 7 
condition neither 4 neither 3 neither 3 
(daylight) sensitive 5 evening 11 introvert 5 
Total insensitive 15 morning 10 extravert 15 

neither 17 neither 8 neither 16 
sensitive 12 evening 26 introvert 13 

Table 4. Division ojthe subjectsjor the activationtask analyses among the conditions and individual 
characteristics. 
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For the activationtask (time estimation) analyses the division is shown in table 5. Bold 
numbers indicate that one or more subjects from that cell are excluded from the analyses. 

Lightsensitivity Momingness I Extraversion I 
eveningness introversion 

Variabie insensitive 7 moming 8 extravert 4 
lighting neither 5 neither 4 neither 8 
condition sensitive 4 evening 4 introvert 4 
Constant insensitive 2 morning 2 extravert 5 
lighting neither 9 neither 1 neither 5 
condition sensitive 4 evening 12 introvert 5 
Reference insensitive 6 morning 1 extravert 7 
condition neither 4 neither 3 neither 3 
(daylight) sensitive 5 evening 11 introvert 5 
Total insensitive 15 morning 11 extravert 16 

neither 18 neither 8 neither 16 
sensitive 13 evening 27 introvert 14 

Table 5. Division ofthe subjectsjor the cognitive capacity task (summation task) analyses among 
the conditions and individual characteristics. 

For the subjective mood analyses the division is shown in table 6. Bold numbers indicate that 
one or more subjects from that cell are excluded from the analyses. 

Lightsensitivity Momingness I Extraversion I 
eveningness introversion 

Variabie insensitive 6 moming 8 extravert 4 
lighting neither 5 neither 3 neither 7 
condition sensitive 4 evening 4 introvert 4 
Constant insensitive 3 moming 2 extravert 5 
lighting neither 9 neither 0 neither 4 
condition sensitive 4 evening 14 introvert 7 
Reference insensitive 6 morning 1 extravert 7 
condition neither 4 neither 3 neither 3 
(daylight) sensitive 5 evening 11 introvert 5 
Total insensitive 15 morning 11 extravert 16 

neither 18 neither 6 neither 14 
sensitive 13 evening 29 introvert 16 

Table 6. Division of the subjects for the subjeelive mood analyses among the conditions and individual 
characteristics. 
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Appendix 8: Overviewtab Ie of results 

Table 7 shows the results in the variabie and constant lighting condition. Within the Lighting 
condition column, the following effects are possible: 

Main effect (ME) of lighting: a significant difference between the mean (over the day) 
testscore (temperature, positive mood, etc.) within the variabie and constant lighting 
conditions; 
Main effect (ME) of time: a significant pattem over the day (either linear, quadratic or 
cubic) of the testscore, independent of the lighting conditions; 
Interaction (INT) lighting x time: a significant difference between the time-pattems of the 
testscore within the variabie and constant lighting conditions. 

Within the Lightsensitivity column, the following effects are possible: 
ME oflightsensitivity: a significant difference between the mean (over the day) testscore 
within the sensitive, neither or insensitive groups, independent of the lighting conditions; 
INT lightsensitivity x lighting: a significant difference between the mean (over the day) 
testscore of the sensitive, neither or insensitive group within the variabie or constant 
lighting conditions; 
INT lightsensitivity x time: a significant difference between the time-pattems of the 
testscore within the sensitive, neither or insensitive groups, independent of the lighting 
conditions; 
INT lightsensitivity x lighting x time: a significant difference between the time-pattems 
of the testscore within the sensitive, neither or insensitive groups, and lighting conditions. 

For the morningness I eveningness, and extraversion I introversion columns the sameeffects 
are possible as mentioned for the lightsensitivity column. 
For the subjective evaluations, no time effects are possible. Only the significant effects are 
presented. 

Test Lighting Lightsensitivity Morningness I Extraversion I 
condition (ind. char.) eveningness introversion 

(ind. char.) (ind. char.) 
Ear temperature ME time: ME ind. char. no effects no effects 

quadratic + 
cubic trend 

Positive mood ME lighting no effects no effects INT ind. char. x 
time: cubic trend 

Negative mood no effects no effects no effects no effects 
Composite no effects no effects close to no effects 
mood significant 

ME ind. char. 
Attention: ME time: but no no effects no effects no effects 
W ordrecall task significant 

linear, quadratic 
or cubic trend 
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Test Lighting Lightsensitivity Morningness I Extraversion I 
condition (ind. char.) eveningness introversion 

(ind. char.) (ind. char.) 
Attention: ME time: linear - a close to INT ind. char. x INT ind. char. x 
reaction task and cubic trend significant ME lighting lighting x time: 

ind. char. linear, quadratic 
- INT ind. and cubic trend 

char. x 
lighting; 

Cognitive ME time: no effects no effects no effects 
capacity: linear trend 
summation task 
Visual ME time: no effects no effects INT ind. char. x 
performance: linearand lighting x time: 
typing task quadratic trend cubic trend 
Activation: time ME lighting no effects no effects no effects 
estimation task 
Subjective mood no effects no effects no effects no effects 
Subjective no effects no effects no effects no effects 
evaluation ofthe 
workingday 
Subjective ME lighting no effects no effects no effects 
evaluation of the 
lighting 
condition 
Subjective no effects ME ind. char. no effects INT ind. char. x 
evaluation ofthe lighting 
lighting levels 

Tab/e 7. Results in the variabie and constant /ighting conditions. 

Table 8 shows the results in the reference condition. Within the Lighting condition column, 
the following effects are possible: 

Time effect: a significant pattem over the day (either linear, quadratic or cubic) ofthe 
testscore, independent of the lighting conditions; 

Within the Lightsensitivity column, the following effects are possible: 
ME of lightsensitivity: a significant difference between the mean (over the day) testscore 
within the sensitive, neither or insensitive groups, independent of the lighting conditions; 
INT lightsensitivity x time: a significant difference between the time-pattems of the 
testscore within the sensitive, neither or insensitive groups, independent ofthe lighting 
conditions; 

For the morningness I eveningness, and extraversion I introversion columns the sameeffects 
are possible as mentioned for the lightsensitivity column. 
For the subjective evaluations, no effects of lighting are possible ( only one lighting condition 
is present = X). Only main effects of individual characteristics are possible. 
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Test Lighting Lightsensitivity Morningness I Extraversion I 
condition (ind. char.) eveningness introversion 

(ind. char.) (ind. eh ar.}_ 
Ear temperature Time effect: no effects no effects no effects 

linear trend 
Positive mood Time effect: but no effects no effects no effects 

no significant 
linear, quadratic 
or cubic trend 

Negative mood no effect no effects ME ind. char. no effects 
Composite no effect no effects ME ind. char. no effects 
mood 
Attention: no effect ME ind. char. no effects no effects 
W ordrecall task 
Attention: no effect no effects no effects no effects 
reaction task 
Cognitive Time effect: no effects INT ind. char. x no effects 
capacity: linear trend time: quadratic 
summatien task + cubic trend 
Visual Time effect: no effects INT ind. char. x INT ind. char. x 
performance: linear + cubic time: time: 
typing task trend linear trend quadratic trend 
Activation: time no effect no effects no effects no effects 
estimation task 
Subjective mood x no effect no effect no effect 
Subjective x no effect no effect no effect 
evaluation of the 
workingday 
Subjective x no effect no effect no effect 
evaluation of the 
lighting 
condition 
Subjective x no effect no effect no effect 
evaluation of the 
lighting levels 

Table 8. Results in the reference lighting condition 
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Appendix 9: Resulttables of temperature, mood, performance and 
subjective measurements 

Report 

tempersture tempersture tempersture tempersture tempersture tempersture 
conditie liohtsensitivitv 9:30 11:00 12:30 13:45 15:15 16:45 
variabie insensitive Mean 36,5657 36,4429 36,4000 36,6571 36,5429 36,6714 
artificial Std. 
lighting Davlation ,3078 ,2699 ,3162 ,4198 ,3910 ,4386 

neither Mean 37,0000 36,9200 36,6800 37,0200 36,9000 37,0400 

Std. 
,3536 ,2775 ,3194 ,1789 ,5701 ,5177 Davlation 

sensitive Mean 37,1000 36,6500 36,5750 37,0000 36,7750 36,6500 

Std. 
,4899 ,3873 ,4500 ,2180 ,2872 ,2887 Davlation 

Total Mean 36,8437 36,6438 36,5313 36,8563 36,7125 36,7813 

Std. 
,4195 ,3521 ,3516 ,3483 ,4365 ,4446 

Davlation 
constant insensitive Mean 36,7667 36,5333 36,4000 36,5667 36,6667 36,5667 
artificial Std. 
lighting Davlation ,2082 ,1528 ,2000 5,774E-02 5,774E-02 ,1528 

neither Mean 36,8800 36,8100 36,7600 37,0100 37,0300 36,8700 

Std. 
,4417 ,5152 ,4949 ,3957 ,4644 ,5478 

Davlation 
sensitive Maan 36,5000 36,3750 36,4500 36,5000 36,3750 36,6750 

Std. 
,5831 ,7805 ,6756 ,5598 ,7932 ,4992 

Davlation 
Total Maan 36,7706 36,6588 36,6235 36,8118 36,8118 36,7706 

Std. 
,4524 ,5512 ,5069 ,4554 ,5667 ,4845 

De vistion 
raferenee insensitive Mean 36,1833 36,1500 36,4000 36,4167 36,5667 36,4500 
{daylight) Std. 

,7980 ,6656 ,6870 ,7705 ,8017 ,9397 Davlation 
neither Mean 36,5250 36,5500 36,3500 36,6750 36,5000 36,8750 

Std. 
,2986 ,3109 ,4435 ,3862 ,5099 ,2754 De vistion 

sensitive Mean 36,8000 36,5600 36,6800 36,8200 36,9800 36,9000 

Std. 
,9247 ,6950 ,5814 ,4970 ,5119 ,6403 Davlation 

Total Mean 36,4800 36,3933 36,4733 36,6200 36,6867 36,7133 

Std. 
,7514 ,5994 ,5713 ,5894 ,6379 ,7080 Davlation 

Report 

momingness tempersture tempersture tempersture tempersture tempersture tempersture 
conditie I 9:30 11 :00 12:30 13:45 15:15 16:45 
variabie momingtype Mean 36,9125 36,7500 36,6125 36,9375 36,8625 36,7875 
artificial Std. 
lighting Davlation ,3643 ,2000 ,3523 ,3378 ,2580 ,2800 

neither Mean 36,8000 36,6000 36,3750 36,6750 36,6750 36,9500 

Std. 
,6164 ,5354 ,3403 ,3948 ,5909 ,7047 Deviation 

eveningtype Mean 36,7500 36,4750 36,5250 36,8750 36,4500 36,6000 

Std. 
,4041 ,4113 ,4031 ,3500 ,5447 ,4761 De vistion 

Total Mean 36,8437 36,6438 36,5313 36,8563 36,7125 36,7813 

Std. 
,4195 ,3521 ,3516 ,3483 ,4365 ,4446 Davlation 

constant rnamingtype Mean 36,8500 36,7500 36,5000 36,8000 36,7500 36,8000 
artificial Std. 
lighting Davlation ,2121 ,4950 ,4243 ,4243 ,2121 ,1414 

neither Mean 37,1000 37,1000 37,3000 37,1000 37,3000 37,1000 

Std. 
Davlation 

eveningtype Mean 36,7357 38,6143 36,5929 36,7929 36,7857 36,7429 
Std. 

,4877 ,5803 ,5136 ,4843 ,6100 ,5273 Davlation 
Total Mean 36,7706 36,6568 36,6235 36,8118 36,8118 36,7706 

Std. 
,4524 ,5512 ,5069 ,4554 ,5667 ,4845 Deviation 

raferenee rnamingtype Mean 35,8000 36,8000 36,7000 36,8000 36,8000 36,8000 
{daytight) Std. 

Deviation 
neither Mean 36,7000 36,4667 36,7000 36,8333 36,9667 37,0667 

Std. 
,8544 ,6028 ,7937 ,7767 ,8963 ,5508 De vistion 

eveningtype Mean 36,4818 36,3545 36,3909 36,5636 36,6000 36,6091 
Std. 

,7640 ,6502 De viatien ,5504 ,5904 ,6132 ,7661 

Total Mean 36,4800 36,3933 36,4733 36,6200 36,6867 36,7133 
Std. 

,7514 ,5994 ,5713 ,5694 ,6379 ,7080 De viatien 
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Report 

extravertness tempersture tempersture tempersture tem persture tempersture tempersture 
conditie I 9:30 11 :00 12:30 13:45 15:15 16:45 
variabie extravert Maan 36,9250 36,4250 36,5000 36,6000 36,4500 36,4000 
artificial Std. 
lighting Deviation ,6344 ,4031 ,4967 ,3367 ,2380 ,1826 

neither Mean 36,9250 36,8250 36,6625 37,0125 36,9000 37,0125 

Std. 
,2915 ,2550 ,2669 ,1959 ,4309 ,3944 

Deviation 

introvert Mean 36,6000 36,5000 36,3000 36,8000 36,6000 36,7000 

Std. 
,4163 ,3559 ,2944 ,4967 ,5099 ,4967 

Deviation 

Tolal Maan 36,8437 36,6438 36,5313 36,8563 36,7125 36,7813 

Std. 
,4195 ,3521 ,3516 ,3483 ,4365 ,4446 Caviatien 

constant extravert Mean 36,8400 36,9000 36,8200 37,0200 37,0000 36,7600 
artificial Std. 
lighting Deviation 

,2302 ,3162 ,3114 ,1924 ,4062 ,4722 

neither Mean 36,8200 36,7200 36,7400 36,9400 37,0000 36,9200 

Std. 
,4550 ,6573 ,5595 ,4561 ,5657 ,6261 

Deviation 

introvert Mean 36,6857 36,4429 36,4000 36,5714 36,5429 36,6714 

Std. 
,5984 ,5912 ,5568 ,5219 ,6241 ,4309 

Deviation 

Total Mean 36,7706 36,6588 36,6235 36,8118 36,8118 36,7706 

Std. 
,4524 ,5512 ,5069 ,4554 ,5667 ,4845 

Deviation 

relerenee extravert Mean 36,6286 36,5143 36,5429 36,7714 36,7857 36,8143 
(dayl ight) Std. 

,7455 ,5551 ,4995 ,4386 ,4598 ,5146 
Deviation 

neither Mean 36,1000 35,9333 36,1667 36,1667 36,2000 35,9667 

Std. 
,8888 ,8386 ,6429 ,8622 ,6245 1,0970 

Deviation 

introvert Mean 36,5000 36,5000 36,5600 36,6800 36,8400 37,0200 

Std. 
,7746 ,4950 ,6877 ,5975 ,8295 ,4382 

Deviation 

Total Mean 36,4800 36,3933 36,4733 36,6200 36,6867 36,7133 

Std. 
,7514 ,5994 ,5713 ,5894 ,6379 ,7060 

Deviation 

Report 

pos~ive pos~ive pos~ive pos~ive pos~ive pos~ive 
moed moed moed moed moed moed 

cond~ie lightsens~iv~ 9:30 11 :00 12:30 13:45 15:15 16:45 
variabie insensitive Maan 2,8571 3,4286 3,0000 2,4286 2,8571 2,8571 
artifiCial Std. 
lighting Deviation 

1,2150 1,7182 1,6330 1,1339 1,4639 1,0690 

neither Mean 3,0000 3,4000 2,2000 2,8000 3,4000 3,2000 

Std. 
1,4142 2,5100 1,0954 ,8367 1,5166 1,3038 

Deviation 

sens~ive Mean 2,7500 4,5000 3,2500 3,7500 2,2500 2,7500 

Std. 
1,2583 2,3805 1,8930 2,0616 1,2583 2,5000 Deviation 

Total Mean 2,8750 3,6875 2,8125 2,8750 2,8750 2,9375 

Std. 
1,2042 2,0565 1,5152 1,3601 1,4083 1,4818 

Deviation 

constant insens~ive Mean 3,5000 1,5000 1,0000 3,0000 1,5000 2,0000 
arlifiCial Std. 
lighting Deviation 3,5355 ,7071 ,0000 1,4142 ,7071 1,4142 

neither Mean 2,3333 2,4444 2,4444 2,5556 2,7778 2,5556 

Std. 
1,4142 1,3333 1,3333 1,2360 1,2019 1,0138 

Deviation 

sens~ive Mean 1,3333 4,0000 2,3333 2,3333 1,6667 3,0000 

Std. 
,5774 1,7321 1,1547 ,5774 1,5275 1,0000 

Deviation 

Total Mean 2,2857 2,6429 2,2143 2,5714 2,3571 2,5714 

Std. 
1,6375 1,4991 1,2514 1,0894 1,2774 1,0163 Deviation 

relerenee insens~ive Mean 3,0000 2,6667 2,8333 3,3333 2,0000 3,1667 
(daylight) Std. 

1,4142 1,6330 1,1690 1,3663 1,0954 1,3292 Deviation 

ne~her Mean 4,2500 3,0000 4,5000 4,0000 4,0000 3,5000 
Std. 

,9574 1,4142 2,6458 ,8165 2,0000 2,6458 Deviation 

sens~ive Mean 4,6000 2,2000 2,8000 3,2000 2,0000 3,4000 
Std. 

1,3416 ,4472 1,0954 1,3038 1,2247 1,5166 Deviation 

Total Mean 3,8667 2,6000 3,2667 3,4667 2,5333 3,3333 

Std. 
1,4075 1,2421 1,7099 1,1872 1,5976 1,6762 Deviation 
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mamingness posnive posnive posnive posnive posnive posnive 
I moed moed moed moed moed moed 

condnie eveningness 9:30 11 :00 12:30 13:45 15:15 16:45 
variabie rnamingtype Mean 2,8750 3,6250 2,7500 3,3750 2,8750 2,8750 
artifiCial Std. 
lighting Deviation ,9910 1,5980 1,6690 1,4079 1,7269 1,8077 

neither Mean 3,7500 4,2500 3,5000 2,2500 2,7500 3,2500 
Std. 

,9574 2,5000 1,9149 1,5000 ,9574 1,5000 Deviation 
eveningtype Mean 2,0000 3,2500 2,2500 2,5000 3,0000 2,7500 

Std. 
1,4142 2,8723 ,5000 1,0000 1,4142 ,9574 Deviation 

Total Mean 2,8750 3,6875 2,8125 2,8750 2,8750 2,9375 
Std. 

1,2042 2,0565 1,5152 1,3601 1,4083 1,4818 Deviation 
constant rnamingtype Mean 2,0000 1,5000 1,0000 2,0000 2,5000 2,5000 
artifiCial Std. 
lighting Deviation 1,4142 ,7071 ,0000 ,0000 ,7071 ,7071 

neither Mean 2,0000 3,0000 1,0000 3,0000 3,0000 2,0000 
Std. 
Deviation 

eveningtype Mean 2,3636 2,8182 2,5455 2,6364 2,2727 2,6364 
Std. 

1,8040 1,6011 1,2136 1,2060 1,4206 1,1201 Deviation 
Total Mean 2,2857 2,6429 2,2143 2,5714 2,3571 2,5714 

Std. 
1,6375 1,4991 1,2514 1,0894 1,2774 1,0163 Deviation 

relerenee rnamingtype Mean 3,0000 2,0000 4,0000 3,0000 2,0000 1,0000 
(daylight) Std. 

Deviation 
nenher Mean 3,0000 2,6667 2,0000 3,0000 1,6667 3,6667 

Std. 
1,0000 1,5275 1,0000 1,7321 ,5774 1,1547 Deviation 

eveningtype Mean 4,1818 2,6364 3,5455 3,6364 2,8182 3,4545 
Std. 

1,4709 1,2863 1,8091 1,1201 1,7787 1,7529 Deviation 
Total Mean 3,8667 2,6000 3,2667 3,4667 2,5333 3,3333 

Std. 
1,4075 1,2421 1,7099 1,1872 1,5976 1,6762 Oeviation 

Report 

extravertness posnive posnive posnive posnive posnive posnive 
I moed moed moed moed moed moed 

condijie introvertness 9:30 11:00 12:30 13:45 15:15 16:45 
variabie extravert Mean 2,0000 4,5000 3,5000 3,2500 2,5000 3,2500 
artifiCial Std. 
lighting Deviation 1,4142 2,6458 1,7321 1,8930 1,0000 1,8930 

neither Mean 3,0000 3,7500 2,1250 2,6250 3,5000 3,2500 
Std. 

1,0690 1,9821 ,9910 ,9161 1,6036 1,1650 Deviation 
introvert Mean 3,5000 2,7500 3,5000 3,0000 2,0000 2,0000 

Std. 
1,0000 1,7078 1,9149 1,8257 ,8165 1,6330 Deviation 

Total Mean 2,8750 3,6875 2,8125 2,8750 2,8750 2,9375 
Std. 

1,2042 2,0565 1,5152 1,3601 1,4083 1,4818 Deviation 
constant extravert Mean 1,8000 3,6000 2,4000 2,4000 2,6000 2,6000 
artifiCial Std. 
lighting Deviation ,8367 1,5166 1,3416 ,5477 1,1402 ,8944 

neither Mean 2,4000 1,8000 2,6000 2,8000 3,0000 2,4000 
Std. 

1,8166 1,3038 1,3416 1,6432 1,2247 1,1402 Deviation 
introvert Mean 2,7500 2,5000 1,5000 2,5000 1,2500 2,7500 

Std. 
2,3629 1,2910 1,0000 1,0000 ,9574 1,2583 Deviation 

Total Mean 2,2857 2,6429 2,2143 2,5714 2,3571 2,5714 
Std. 

1,6375 1,4991 1,2514 1,0894 1,2774 1,0163 Deviation 
relerenee extravert Mean 4,2857 3,0000 3,7143 3,4286 2,4286 3,7143 
(daylight) Std. 

1,1127 1,1547 2,2147 1,5119 1,9024 1,9760 Deviation 
neither Mean 4,0000 2,6667 3,0000 3,3333 2,6667 3,6667 

Std. 
2,6458 2,0817 1,0000 1,5275 1,5275 ,5774 Deviation 

introvert Mean 3,2000 2,0000 2,8000 3,6000 2,6000 2,6000 
Std. 

,8367 ,7071 Deviation 1,3038 ,5477 1,5186 1,6733 

Total Mean 3,8667 2,6000 3,2667 3,4667 2,5333 3,3333 
Std. 

1,4075 1,2421 Deviation 1,7099 1,1872 1,5976 1,6762 
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nagalive nagalive negative nagalive negative nagalive 
mood mood mood mood mood mood 

conditie lightsens~iv~y 9:30 11 :00 12:30 13:45 15:15 16:45 
variabie insens~ive Mean 2,4266 2,4266 2,4266 2,1429 2,4266 3,4266 
artifJCial Std. 
lighting Deviation 1,3973 1,8127 1,8127 1,4639 1,2724 2,2254 

ne~r Mean 3,4000 2,6000 2,8000 3,2000 2,4000 3,4000 
Std. 

1,1402 2,6077 1,0954 1,3038 1,6733 1,5166 Deviation 
sensitive Maan 2,5000 2,7500 3,2500 4,0000 3,2500 2,5000 

Std. 
1,0000 1,7078 1,7078 2,7080 2,8723 1,7321 Deviation 

Total Maan 2,7500 2,5625 2,7500 2,9375 2,6250 3,1875 
Std. 

1,2383 1,9311 1,5275 1,8428 1,7842 1,8337 Deviation 
constant insens~ive Mean 2,5000 3,5000 2,0000 3,5000 3,0000 1,0000 
artifocial Std. 
lighting Deviation 2,1213 ,7071 1,4142 ,7071 1,4142 ,0000 

ne~ Mean 2,2222 2,5556 2,5556 2,4444 2,1111 2,7778 
Std. 

1,0929 1,6667 1,3333 1,6667 1,5366 2,0480 Deviation 
sens~ive Mean 2,0000 4,3333 3,0000 1,3333 2,3333 2,0000 

Std. 
1,0000 2,0817 1,0000 ,5774 ,5774 1,7321 Deviation 

Total Mean 2,2143 3,0714 2,5714 2,3571 2,2857 2,3571 
Std. 

1,1217 1,7305 1,2225 1,4991 1,3260 1,8649 Deviation 
relerenee insensitive Mean 2,8333 2,1667 3,1667 2,5000 1,8333 1,6667 
(daylight) Std. 

1,9408 1,9408 2,1370 1,8708 1,3292 1,5055 Deviation 
ne~her Mean 3,5000 2,7500 2,7500 2,0000 3,2500 4,2500 

Std. 
1,7321 1,2583 1,5000 1,1547 3,4034 2,2174 Deviation 

sens~ive Mean 2,8000 2,6000 1,6000 2,8000 2,8000 2,0000 
Std. 

1,4832 1,3416 ,5477 1,6432 1,7889 1,4142 Deviation 
Total Maan 3,0000 2,4667 2,5333 2,4667 2,5333 2,4667 

Std. 
1,6475 1,5055 1,6417 1,5523 2,0999 1,9223 

Deviation 

Report 

momingness negative negative negative negative negative negative 
I mood mood mood mood mood mood 

condftie eveningness 9:30 11:00 12:30 13:45 15:15 16:45 
variabie momingtype Mean 2,6250 2,7500 2,7500 3,3750 3,1250 3,2500 
artificial Std. 
lighting Deviation ,5175 1,8323 1,5811 2,0659 1,9594 1,7525 

ne~ Mean 3,7500 3,5000 3,0000 3,0000 2,5000 4,0000 
Std. 

1,2583 2,5166 1,6330 1,6330 2,0817 2,3094 
Deviation 

eveningtype Mean 2,0000 1,2500 2,5000 2,0000 1,7500 2,2500 
Std. 

1,8257 ,9574 1,7321 1,6330 ,9574 1,5000 Deviation 
Total Mean 2,7500 2,5625 2,7500 2,9375 2,6250 3,1875 

Std. 
1,2383 1,9311 1,5275 1,8428 1,7842 1,8337 

Deviation 
constant momingtype Mean 2,5000 4,5000 3,0000 3,0000 2,0000 1,5000 
artifJCial Std. 
lighting Deviation 2,1213 ,7071 ,0000 ,0000 ,0000 ,7071 

ne~her Mean 1,0000 1,0000 4,0000 1,0000 ,0000 1,0000 
Std. 
Deviation 

eveningtype Mean 2,2727 3,0000 2,3636 2,3636 2,5455 2,6364 
Std. 

1,0090 1,7321 1,2863 1,6293 1,2933 2,0136 Deviation 
Total Mean 2,2143 3,0714 2,5714 2,3571 2,2857 2,3571 

Std. 
1,1217 1,7305 1,2225 1,4991 1,3260 1,8649 Deviation 

relerenee momingtype Mean ,0000 ,0000 ,0000 ,0000 ,0000 ,0000 
(daylight) Std. 

Deviation 
nafther Mean 3,6667 1,3333 3,3333 3,0000 2,3333 1,3333 

Std. 
,5774 ,5774 1,5275 1,0000 1,1547 1,1 547 Deviation 

eveningtype Mean 3,0909 3,0000 2,5455 2,5455 2,8182 3,0000 
Std. 

1,6404 1,3416 1,5725 1,5725 2,2724 1,8974 Deviation 
Total Mean 3,0000 2,4667 2,5333 2,4667 2,5333 2,4667 

Std. 
1,6475 1,5055 1,6417 1,5523 2,0999 1,9223 Deviation 
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extravertness negative negative negative negative negative negative 
I mood mood mood mood mood mood 

cond~ie introvertness 9:30 11 :00 12:30 13:45 15:15 16:45 
variabie extravert Mean 1,5000 2,5000 3,0000 3,5000 3,5000 2,5000 
artificial Std. 
lighting Deviation 

1,2910 1,7321 2,1602 3,4157 2,6458 1,7321 

ne~her Mean 3,2500 2,8750 2,7500 2,8750 2,6250 3,6250 

Std. 
1,0351 2,4165 1,1650 1,2464 1,3025 1,5980 

Daviation 

introvert Mean 3,0000 2,0000 2,5000 2,5000 1,7500 3,0000 

Std. 
,8165 1,1547 1,9149 1,0000 1,7078 2,5820 

Daviation 

Total Mean 2,7500 2,5625 2,7500 2,9375 2,6250 3,1875 

Std. 
1,2383 1,9311 1,5275 1,8428 1,7842 1,8337 

Deviation 

constant extravert Mean 2,2000 3,8000 2,4000 1,4000 2,2000 2,4000 
artifiCial Std. 
lighting Deviation 

1,0954 2,1679 1,1402 1,1402 ,4472 1,1402 

ne~ Mean 2,4000 2,6000 3,2000 2,4000 1,6000 2,2000 

Std. 
1,1402 1,8166 1,3038 1,5166 1,5166 1,7889 

Deviation 

introvert Mean 2,0000 2,7500 2,0000 3,5000 3,2500 2,5000 

Std. 
1,4142 ,9574 1,1547 1,2910 1,5000 3,0000 

Deviation 

Total Mean 2,2143 3,0714 2,5714 2,3571 2,2857 2,3571 

Std. 
1,1217 1,7305 1,2225 1,4991 1,3260 1,6649 

Deviation 

raferenee extravert Maan 3,4266 2,2857 2,2857 2,2857 2,4286 3,0000 
(daylight) Std. 

1,2724 1,3801 1,3801 1,1127 2,8200 2,5820 
Deviation 

ne~her Mean 3,6667 3,6667 3,6667 2,6667 2,6667 2,6667 

Std. 
2,3094 1,5275 2,0817 2,0817 1,5275 1,1547 

Deviation 

introvert Mean 2,0000 2,0000 2,2000 2,6000 2,6000 1,6000 

Std. 
1,5811 1,5811 1,7889 2,0736 1,5166 ,8944 

Deviation 

Total Mean 3,0000 2,4667 2,5333 2,4667 2,5333 2,4667 

Std. 
1,6475 1,5055 1,6417 1,5523 2,0999 1,9223 

Deviation 

Report 

compos~e compos~e compos~e compos~e compos~e 

compos~e mood mood mood mood mood 
cond~ie lightsens~iv~y mood 9:30 11 :00 12:30 13:45 15:15 16:45 
variabie insans~ive Mean ,4286 1,0000 ,5714 ,2857 ,4286 -,5714 
artificial Std. 
lighting Deviation 

,7888 2,5166 2,2254 2,0587 1,9024 1,5119 

ne~r Mean -,4000 ,8000 -,6000 -,4000 1,0000 -,2000 

Std. 
,8944 2,1679 ,5477 1,8166 2,3452 1,0954 

Deviation 

sens~ive Mean ,2500 1,7500 ,0000 -,2500 -1,0000 ,2500 

Std. 
,5000 2,5000 1,1547 1,7078 1,8257 3,0957 

Deviation 

Total Maan ,1250 1,1250 6,250E-Q2 -6,25E-Q2 ,2500 -,2500 

Std. 
,8062 2,2767 1,6112 1,8062 2,0494 1,8074 

Deviation 

constant insans~iva Maan 1,0000 -2,0000 -1 ,0000 -,5000 -1 ,5000 1,0000 
artif~eial Std. 
lighting Deviation 5,6569 1,4142 1,4142 ,7071 2,1213 1,4142 

ne~her Maan ,1111 -,1111 -, 1111 ,1111 ,6667 -.2222 
Std. 

1,6915 2,7588 2,2608 1,7638 2,2913 1,7159 
Deviation 

sensitive Maan -,6667 -,3333 -,6667 1,0000 -,6667 1,0000 

Std. 
,5774 1,5275 1,5275 1,0000 1,1547 2,0000 Deviation 

Total Mean 7,143E-<l2 -,4286 -,3571 ,2143 7,143E-Q2 ,2143 
Std. 

2,1291 2,3766 1,9457 1,5281 2,1291 1,7177 Deviation 

raferenee insensitive Maan ,1667 ,5000 -,3333 ,8333 ,1667 1,5000 
(daylight) Std. 

1,4720 1,4720 1,5166 
Deviation 2,2583 2,6583 2,3166 

ne~her Maan ,7500 ,2500 1,7500 2,0000 ,7500 -,7500 

Std. 
,9574 1,5000 1,5000 ,8165 3,5000 ,5000 Deviation 

sensitive Mean 1,8000 -,4000 1,2000 ,4000 -,8000 1,4000 
Std. 
Daviation 1,3038 1,6733 1,3038 1,1402 1,6432 2,7019 

Total Maan ,8667 ,1333 ,7333 1,0000 1,388E-17 ,8667 
Std. 
Daviation 1,4075 1,8074 2,0862 1,6903 2,1381 1,9952 
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momingness composita composrte composita composrte composrte 
I composrte moed moed moed moed moed 

conditie eveningness moed 9:30 11:00 12:30 13:45 15:15 16:45 
variabie rnamingtype Maan ,2500 ,8750 2,776E-17 ,0000 -,2500 -,3750 
artificial Std. 
lighting Deviation 

,7071 2,0310 ,7559 1,5119 2,2520 2,3261 

narther Maan ,0000 ,7500 ,5000 -,7500 ,2500 -,7500 

Std. 
1,1547 2,5000 3,0000 2,5000 1,8930 ,9574 

Deviation 

eveningtype Maan ,0000 2,0000 -,2500 ,5000 1,2500 ,5000 

Std. 
,8165 2,9439 1,5000 1,9149 1,8930 1,2910 Deviation 

Total Maan ,1250 1,1250 6,250E-{)2 -6,25E-{)2 ,2500 -,2500 

Std. 
,8062 2,2767 1,6112 1,8062 2,0494 1,8074 

Deviation 

constant momingtype Maan -,5000 -3,0000 -2,0000 -1,0000 ,5000 1,0000 
artificial Std. 
lighting Deviation 

3,5355 ,0000 ,0000 ,0000 ,7071 1,4142 

narther Maan 1,0000 2,0000 -3,0000 2,0000 3,0000 1,0000 

Std. 
Deviation 

eveningtype Maan 9,091 E-{)2 -,1818 ,1818 ,2727 -,2727 4,163E-17 

Std. 
2,1192 2,3160 1,8340 1,5551 2,1950 1,8439 

Deviation 

Total Maan 7,143E-{)2 -,4286 -,3571 ,2143 7,143E-{)2 ,2143 

Std. 
2,1291 2,3786 1,9457 1,5281 2,1291 1,7177 Deviation 

relerenee rnamingtype Maan 3,0000 2,0000 4,0000 3,0000 2,0000 1,0000 
(daylight) Std. 

Deviation 
neither Mean -,6867 1,3333 -1,3333 ,0000 -,6867 2,3333 

Std. 
,5774 2,0817 2,3094 1,0000 1,5275 1,1547 

Deviation 

eveningtype Mean 1,0909 -,3636 1,0000 1,0909 ,0000 ,4545 

Std. 
1,2210 1,6293 1,6125 1,7581 2,3238 2,1149 

Deviation 

Total Mean ,8867 ,1333 ,7333 1,0000 1,388E-17 ,8867 

Std. 
1,4075 1,8074 2,0862 1,6903 2,1381 1,9952 

Deviation 

Report 

extravertness composrte composrte composita composita composita 
I composita moed moed moed moed moed 

condrtie introvertness moed 9:30 11:00 12:30 13:45 15:15 16:45 
variabie extravert Maan ,5000 2,0000 ,5000 -,2500 -1,0000 ,7500 
artificial Std. 
lighting Deviation 

,5774 2,1602 1,2910 1,7078 1,8257 2,2174 

narther Maan -,2500 ,8750 -,6250 -,2500 ,8750 -,3750 

Std. 
,8864 2,2952 ,5175 1,7525 2,1002 1,0607 

Deviation 

introvert Maan ,5000 ,7500 1,0000 ,5000 ,2500 -1,0000 

Std. 
,5774 2,7538 2,8284 2,3805 2,0616 2,5820 

Deviation 

Total Maan ,1250 1,1250 6,250E-{)2 -6,25E-{)2 ,2500 -,2500 

Std. 
,8062 2,2767 1,6112 1,8062 2,0494 1,8074 

Deviation 

constant extravert Maan -,4000 -,2000 ,0000 1,0000 ,4000 ,2000 
artificial Std. 
lighting Deviation 1,5186 2,3875 2,0000 1,2247 1,1402 ,8367 

narther Maan ,0000 -,8000 -,6000 ,4000 1,4000 ,2000 

Std. 
1,5811 2,9496 2,3022 1,5186 2,3022 1,3038 

Deviation 

introvert Maan ,7500 -,2500 -,5000 -1,0000 -2,0000 ,2500 

Std. 
3,5000 2,2174 1,9149 1,4142 1,4142 3,0957 Deviation 

Total Maan 7,143E-{)2 -,4286 -,3571 ,2143 7,143E-{)2 ,2143 

Std. 
2,1291 2,3786 1,9457 1,5281 2,1291 1,7177 Davietion 

relerenee extravert Maan ,8571 ,7143 1,4286 1,1429 2,776E-17 ,7143 
(daylight) Std. 

1,5736 1,7995 1,5119 1,3452 2,8284 2,6277 Deviation 
narther Maan ,3333 -1,0000 -,6867 ,6867 ,0000 1,0000 

Std. 
,5774 1,7321 1,1547 3,0551 1,0000 1,7321 

Davietion 

introvert Maan 1,2000 ,0000 ,6000 1,0000 ,0000 1,0000 
Std. 

1,8432 1,8708 2,9685 1,5811 1,8708 1,4142 Deviation 

Total Maan ,8867 ,1333 ,7333 1,0000 1,388E-17 ,8867 
Std. 

1,4075 1,8074 2,0862 1,6903 2,1381 1,9952 Deviation 
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wordreeall wordreeall wordreeall wordreeall wordreeall wordreeall 
conditie Jightsensitivitv 9:30 11:00 12:30 13:45 15:15 16:45 
variabie insensitive Mean 4,1667 3,8333 3,5000 4,0000 4,3333 3,0000 
artificial Std. 
lighting Deviation 1,3292 1,3292 1,6432 1,2649 1,8619 2,0000 

neither Mean 4,0000 4,2000 3,8000 4,6000 4,4000 4,6000 

Std. 
,7071 1,6432 1,0954 1,1402 1,5166 1,1402 

Deviation 

sensitive Mean 5,2500 4,0000 3,5000 5,2500 4,5000 5,0000 

Std. 
,9574 1,8257 1,7321 ,9574 1,7321 ,8165 Deviation 

Total Mean 4,4000 4,0000 3,6000 4,5333 4,4000 4,0667 

Std. 
1,1212 1,4639 1,4041 1,1872 1,5946 1,6676 

Deviation 

constant insensitive Mean 4,0000 4,0000 3,5000 3,0000 3,5000 4,0000 
artificial Std. 
lighting Deviation 2,8284 2,8284 3,5355 2,8284 3,5355 2,8284 

neither Maan 4,2857 3,8571 3,7143 4,4286 4,1429 4,8571 
Std. 

2,2147 2,4785 2,2147 1,5119 1,9518 1,9518 Deviation 

sensitive Maan 3,7500 4,2500 3,0000 4,0000 3,7500 4,0000 
Std. 

2,6300 2,2174 1,8257 ,8165 1,2583 2,7080 Deviation 

Total Maan 4,0769 4,0000 3,4615 4,0769 3,9231 4,4615 

Std. 
2,2159 2,2361 2,1062 1,4979 1,8467 2,1454 

Deviation 

relerenee insensitive Maan 5,1667 4,8333 5,0000 4,6667 4,5000 5,3333 
(daylight) Std. 

,7528 1,6021 ,8944 ,8165 1,3784 ,8165 
Davietion 

neither Maan 2,7500 2,0000 3,5000 3,7500 4,0000 4,2500 

Std. 
1,8930 1,8257 1,7321 1,7078 1,4142 1,5000 

Deviation 

sensitive Maan 3,8000 4,0000 3,2000 4,2000 4,0000 3,4000 

Std. 
,8367 1,8708 2,1679 1,3038 1,7321 1,3416 

Deviation 

Total Maan 4,0667 3,8000 4,0000 4,2667 4,2000 4,4000 
Std. 

1,4864 2,0071 1,7321 1,2228 1,4243 1,4041 Deviation 

Report 

rnomingness wordreeall wordreeall wordreeall wordreeall wordreeall wordreeall 
condHie I 9:30 11:00 12:30 13:45 15:15 16:45 
variabie rnamingtype Mean 4,2500 3,5000 2,7500 4,5000 4,1250 4,0000 
artificial Std. 
lighting Deviation 

1,2817 1,3093 1,2817 1,1952 1,8077 1,3093 

neHher Mean 4,6667 4,3333 5,0000 4,6667 5,3333 4,3333 

Std. 
1,1547 1,1547 ,0000 1,5275 1,1547 2,0817 

Deviation 

eveningtype Mean 4,5000 4,7500 4,2500 4,5000 4,2500 4,0000 

Std. 
1,0000 1,8930 ,9574 1,2910 1,5000 2,4495 

Oeviation 

Total Mean 4,4000 4,0000 3,6000 4,5333 4,4000 4,0667 

Std. 
1,1212 1,4639 1,4041 1,1872 1,5946 1,6676 

Deviation 

constant momingtype Mean 4,0000 4,0000 2,5000 3,0000 3,0000 4,0000 
artifiCial Std. 
lighting Deviation 

2,8284 2,8284 2,1213 2,8284 2,8284 2,8284 

eveningtype Mean 4,0909 4,0000 3,6364 4,2727 4,0909 4,5455 

Std. 
2,2563 2,2804 2,1574 1,2721 1,7581 2,1616 

Deviation 

Total Mean 4,0769 4,0000 3,4615 4,0769 3,9231 4,4615 

Std. 
2,2159 2,2361 2,1062 1,4979 1,8467 2,1454 Deviation 

relerenee rnamingtype Mean 6,0000 2,0000 4,0000 4,0000 2,0000 6,0000 
(daylight) Std. 

Deviation 

neHher Mean 4,6667 5,6667 5,0000 5,0000 4,6667 5,6667 

Std. 
,5774 ,5774 1,0000 1,0000 ,5774 ,5774 Oeviation 

eveningtype Mean 3,7273 3,4545 3,7273 4,0909 4,2727 3,9091 

Std. 
1,5551 2,0181 1,9022 1,3003 1,4894 1,3003 Deviation 

Total Mean 4,0667 3,8000 4,0000 4,2667 4,2000 4,4000 
Std. 

1,4864 2,0071 Deviation 1,7321 1,2228 1,4243 1,4041 
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Report 

extravertness wordreeall wordreeall wordreeall wordreeall wordreeall wordreeall 
conditie I 9:30 11:00 12:30 13:45 15:15 16:45 
variabie extravert Mean 4,2500 3,7500 3,0000 5,0000 4,5000 3,5000 
artificiai Std. 
iighting Deviation 

1,7078 2,0616 1,8257 ,8165 1,7321 2,3805 

neither Maan 4,1429 4,1429 3,5714 4,2857 3,8571 4,2857 

Std. 
,6901 1,4639 1,1339 1,3801 1,7728 1,3801 

Deviation 

introvert Mean 5,0000 4,0000 4,2500 4,5000 5,2500 4,2500 

Std. 
1,1547 1,1547 1,5000 1,2910 ,9574 1,7078 

Deviation 

Totai Maan 4,4000 4,0000 3,6000 4,5333 4,4000 4,0667 

Std. 
1,1212 1,4639 1,4041 1,1872 1,5946 1,6676 

Deviation 

constant extravert Mean 5,5000 5,7500 4,0000 5,0000 4,7500 5,7500 
art~iciai Std. 
iighting Deviation 

1,0000 ,5000 1,6330 ,8165 ,9574 ,5000 

neither Maan 4,2500 3,7500 4,0000 4,0000 4,0000 5,0000 

Std. 
2,0616 2,0616 1,8257 1,8257 2,1602 2,0000 Deviation 

introvert Mean 2,8000 2,8000 2,6000 3,4000 3,2000 3,0000 

Std. 
2,5884 2,5884 2,7019 1,5166 2,1679 2,4495 

Deviation 

Totai Mean 4,0769 4,0000 3,4615 4,0769 3,9231 4,4615 

Std. 
2,2159 2,2361 2,1062 1,4979 1,8467 2,1454 

Deviation 

raferenee extravert Mean 3,4286 3,4286 3,5714 4,0000 3,7143 4,0000 
(dayiight) Std. 

1,6183 2,1492 1,9024 1,5275 1,6036 1,4142 
Deviation 

neither Maan 4,6667 5,0000 5,6667 4,6667 5,3333 4,3333 

Std. 
1,5275 1,0000 ,5774 ,5774 ,5774 ,5774 Deviation 

introvert Mean 4,6000 3,6000 3,6000 4,4000 4,2000 5,0000 

Std. 
1,1402 2,3022 1,5166 1,1402 1,3038 1,7321 

Deviation 

Totai Mean 4,0667 3,8000 4,0000 4,2667 4,2000 4,4000 

Std. 
1,4864 2,0071 1,7321 1,2228 1,4243 1,4041 Deviation 

Report 

resetion re action reaction reaction reaction 
reaction time time time time time 

conditie iiohtsens~ivitv time9:30 11:00 12:30 13:45 15:15 16:45 
variabie insensitive Mean ,29177 ,25760 ,27133 ,26924 ,26547 ,24980 
artificiai Std. 
iighting Deviation 

4,30E-{)2 2,80E-{)2 5,24E-{)2 4,05E-{)2 5,13E-{)2 4,22E-{)2 

ne~r Mean ,29196 ,28219 ,30843 ,29146 ,28543 ,27431 
Std. 

3,46E-{)2 2,41E-{)2 6,41E-{)2 1,48E-{)2 1,63E-{)2 1,94E-{)2 
Deviation 

sensrt.ive Mean ,26581 ,25593 ,28393 ,27439 ,27634 ,27670 

Std. 
4, 16E-{)2 3,44E-{)2 3,24E-{)2 1,24E-{)2 4,58E-{)2 4,96E-{)2 

Deviation 

Totai Maan ,28664 ,26546 ,28622 ,27768 ,27430 ,26335 
Std. 

3,87E-{)2 2,87E-{)2 5,28E-{)2 2,99E-{)2 3,98E-{)2 3,74E-{)2 
Deviation 

constant insens~ive Mean ,22415 ,22985 ,28268 ,22965 ,21980 ,22935 
artifiCiai Std. 
iighting Deviation 2,64E-{)2 3,53E-{)2 8,63E-{)2 3,15E-{)2 3,96E-{)2 3,05E-{)2 

ne~her Mean ,28238 ,27194 ,28983 ,27660 ,27529 ,25724 

Std. 
4,23E-{)2 2,60E-{)2 3,77E-{)2 3,30E-{)2 3,92E-{)2 3,93E-{)2 

Deviation 

sensitive Mean ,35083 ,31800 ,28656 ,30325 ,29886 ,26760 
Std. 

6,39E-{)2 5,11E-{)2 4,17E-{)2 3,67E-{)2 3,65E-{)2 1,66E-{)2 
Deviation 

Totai Mean ,29287 ,27861 ,28801 ,27744 ,27418 ,25629 
Std. 

6,04E-{)2 4,30E-{)2 4,15E-{)2 3,87E-{)2 4,33E-{)2 3,39E-{)2 Deviation 

relerenee insensitive Mean ,26673 ,29876 ,30052 ,28786 ,28604 ,27185 
(dayiight) Std. 

3,66E-{)2 5,38E-{)2 5,60E-{)2 4,04E-{)2 
Deviation 

3,00E-{)2 2,66E-{)2 

ne~er Mean ,28796 ,28366 ,39198 ,27211 ,27991 ,29183 
Std. 

7,55E-{)2 6,21E-{)2 ,18969 7,85E-{)2 7,75E-{)2 9,76E-{)2 
Deviation 

sens~ive Mean ,28326 ,31042 ,29874 ,28690 ,26496 ,28824 

Std. 
4,71E-{)2 6,97E-{)2 6,17E-{)2 4,19E-{)2 3,91E-{)2 6,09E-{)2 Deviation 

Totai Mean ,27790 ,29867 ,32432 ,28334 ,27738 ,28264 
Std. 

4,93E-{)2 5,80E-{)2 ,10442 5,47E-{)2 4,89E-{)2 5,86E-{)2 
Deviation 
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Report 

momingness reaetion resetion resetion resetion resetion 
I resetion time time time time time 

conditie eveningness time9:30 11:00 12:30 13:45 15:15 16:45 
variabie momingtype Mesn ,28963 ,26693 ,28722 ,27997 ,29057 ,27521 
artificial Std. 
lighting Deviation 2,65E-02 2,40E-02 4,04E-02 1,74E-02 3,51E-02 3,41E-02 

neither Maan ,30286 ,26279 ,25058 ,27820 ,23856 ,23795 
Std. 

3,55E-02 3,73E-02 4,17E-02 5,43E-02 4,47E-02 4,39E-02 Deviation 

eveningtype Maan ,26518 ,26556 ,32010 ,27315 ,28156 ,26800 

Std. 
5,77E-02 3,57E-02 6,91E-02 2,38E-02 2,35E-02 3,22E-02 Deviation 

Total Mesn ,28664 ,26546 ,28622 ,27768 ,27430 ,26335 

Std. 
3,87E-02 2,87E-02 5,28E-02 2,99E-02 3,98E-02 3,74E-02 

Deviation 

constant momingtype Mesn ,24340 ,23228 ,23873 ,22735 ,21335 ,21384 
artifiCial Std. 
lighting Deviation 

5,36E-02 3,87E-02 2,41E-02 2,82E-02 3,05E-02 8,55E-03 

neither Mesn ,21510 ,30860 ,28510 ,29450 ,30978 ,25450 

Std. 
Deviation 

eveningtype Mesn ,30760 ,28383 ,29846 ,28437 ,28135 ,26351 

Std. 
5,62E-02 4,14E-02 4,03E-02 3,60E-02 3,81E-02 3,27E-02 

Deviation 

Total Mesn ,29287 ,27861 ,28801 ,27744 ,27418 ,25629 

Std. 
6,04E-02 4,30E-02 4,15E-02 3,87E-02 4,33E-02 3,39E-02 Deviation 

raferenee momingtype Mesn ,29667 ,34356 ,30700 ,39075 ,35378 ,26770 
(daylight) Std. 

Deviation 

neither Mesn ,27207 ,31290 ,30607 ,26510 ,28267 ,26183 

Std. 
6,67E-03 6,34E-02 2,02E-02 3,75E-02 1,95E-02 1,95E-02 

Deviation 

eveningtype Mean ,27779 ,29071 ,33087 ,27855 ,26899 ,28967 

Std. 
5,78E-02 5,97E-02 ,12250 5, 12E-02 5,11E-02 6,73E-02 

Deviation 

Total Maan ,27790 ,29867 ,32432 ,28334 ,27738 ,28284 

Std. 
4,93E-02 5,80E-02 ,10442 5,47E-02 4,89E-02 5,86E-02 Deviation 

Report 

extravertness reaction reaction re action reaction re action 
I resetion time time time time time 

conditie introvertness time 9:30 11:00 12:30 13:45 15:15 16:45 
variabie extravert Maan ,25183 ,26687 ,29417 ,27771 ,29623 ,28197 
artificial Std. 
lighting Deviation 

3,59E-02 3,15E-02 3,32E-02 2,65E-02 4,02E-02 4,71E-02 

neither Mesn ,30419 ,26607 ,29592 ,27257 ,27241 ,26078 

Std. 
3,42E-02 3,21E-02 6,80E-02 3,43E-02 4,35E-02 3,63E-02 

Deviation 

introvert Maan ,28627 ,26196 ,24973 ,29124 ,25010 ,24537 

Std. 
2,83E-02 2,52E-02 1,01E-02 2,62E-02 1,49E-02 2,52E-02 Deviation 

Total Mean ,28664 ,26546 ,28622 ,27768 ,27430 ,26335 
Std. 

3,87E-02 2,87E-02 5,28E-02 2,99E-02 3,98E-02 3,74E-02 Deviation 

constant extravert Maan ,33442 ,27723 ,27610 ,27782 ,26415 ,24768 
artificial Std. 
lighting Deviation 4,94E-02 3,33E-02 3,37E-02 3,90E-02 3,14E-02 4,31E-02 

neither Maan ,27571 ,28066 ,30996 ,28527 ,28690 ,26190 
Std. 

5,36E-02 2,45E-02 3,58E-02 3,28E-02 4,07E-02 3,02E-02 Deviation 

introvert Maan ,26848 ,27794 ,27796 ,26924 ,26948 ,25928 
Std. 

6,4BE-02 6,89E-02 5,20E-02 4,99E-02 5,91E-02 3,32E-02 
Deviation 

Total Maan ,29287 ,27861 ,28801 ,27744 ,27418 ,25629 
Std. 

6,04E-02 4,30E-02 4, 15E-02 3,87E-02 4,33E-02 3,39E-02 Deviation 

relerenee extravert Maan ,28634 ,29980 ,36196 ,27045 ,27128 ,28930 
(daylight) Std. 

5,76E-02 Deviation 6,92E-02 ,14480 5,59E-02 5,89E-02 7,63E-02 

neither Maan ,27610 ,28180 ,29607 ,30060 ,27836 ,31230 
Std. 

7,37E-02 4,62E-02 4,23E-02 5,26E-02 4,35E-02 5,07E-02 Deviation 

introvert Maan ,26717 ,30721 ,28656 ,29103 ,28534 ,25552 
Std. 

2,31E-02 5,66E-02 Deviation 3,50E-02 6,17E-02 4,57E-02 1,89E-02 

Total Maan ,27790 ,29867 ,32432 ,28334 ,27738 ,28264 
Std. 

4,93E-02 5,80E-02 Deviation ,10442 5,47E-02 4,89E-02 5,86E-02 
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Report 

summatien summatien summatien summatien summatien summatien 
conditie lightsensitivity time9:30 time 11:00 time 12:30 time 13:45 time15:15 time 16:45 
variabie insensitive Mean 11,2924 9,0788 8,8896 8,6555 9,5167 8,3059 
artificial Std. 
lighting Deviation 3,7028 2,1884 1,8544 1,5697 2,1286 1,7073 

neither Mean 10,5626 9,0811 10,1803 9,7515 9,1974 10,4584 

Std. 
5,5931 3,5384 3,2288 3,9685 1,6378 2,9556 

Deviation 

sensitive Mean 8,4453 8,1448 8,2930 7,7788 7,9145 8,4758 

Std. 
2,5207 2,0557 2,2252 1,3189 1,4990 2,2661 

Deviation 

Total Maan 10,3526 8,8460 9,1438 8,7788 9,0164 9,0210 

Std. 
4,0613 2,5049 2,3931 2,4744 1,8517 2,3514 

Deviation 

constant insensitive Maan 12,6275 10,3858 9,3645 7,4550 7,6960 8,6737 
artificial Std. 
lighting Deviation 4,6181 4,274E-02 1,6539 ,6774 ,7283 ,5788 

neither Mean 11,7819 10,3892 9,2522 9,9234 8,6768 8,9759 

Std. 
3,9938 3,0096 1,7507 2,9661 2,3939 2,2449 Deviation 

sensitive Mean 8,7368 10,0920 10,9573 9,3288 10,5195 8,9670 

Std. 
1,1379 2,0355 2,6158 2,5185 3,2732 1,3457 

Deviation 

Total Maan 11,0826 10,3095 9,7218 9,4357 9,0374 8,9332 

Std. 
3,6253 2,4662 2,0023 2,6713 2,5645 1,8174 

Deviation 

raferenee insensitive Maan 10,9040 9,8672 8,2052 8,7448 8,8298 8,9558 
(daylight) Std. 

4,6651 4,0594 1,7174 2,7591 2,7710 3,0022 
Deviation 

neither Maan 10,0321 11,2760 9,7367 9,3763 8,1747 9,7659 

Std. 
2,4202 2,8093 2,4358 2,0583 1,2806 3,0082 Deviation 

sensitive Maan 8,6211 10,0083 9,5936 8,0918 8,3576 8,8859 

Std. 
2,0755 2,8360 2,7446 1,1899 2,3537 1,7666 

Deviation 

Total Maan 9,9105 10,2899 9,0764 8,6955 8,4977 9,1485 

Std. 
3,3585 3,2027 2,2411 2,0724 2,1819 2,4898 

Deviation 

Report 

morningness summatien summatien summatien summatien summatien summatien 
conditie I time 9:30 time 11:00 time 12:30 time 13:45 time 15:15 time 16:45 
variabie morningtype Maan 9,7470 8,9461 9,2486 8,7083 8,7176 8,4856 
artificial Std. 
lighting Deviation 2,9797 2,9928 2,5725 2,6007 2,3628 2,4228 

neither Maan 9,3685 8,0556 8,2729 8,5340 9,0306 8,5971 

Std. 
2,6974 1,0394 1,5193 1,5307 ,7753 1,4729 

Deviation 

eveningtype Mean 12,5478 9,4361 9,8051 9,1648 9,5998 10,5158 

Std. 
6,7663 2,8406 3,0435 3,4922 1,6802 2,7922 

Deviation 

Total Mean 10,3526 8,8460 9,1438 8,7788 9,0164 9,0210 

Std. 
4,0613 2,5049 2,3931 2,4744 1,8517 2,3514 

Deviation 

constant morningtype Mean 13,2390 12,8118 11,5092 10,7902 8,4965 10,6525 
artificial Std. 
lighting Deviation 5,4829 3,3881 1,3792 5,3941 1,8604 2,2196 

neither Maan 9,8400 12,0820 9,7250 9,7050 11,4133 9,8620 

Std. 
Deviation 

eveningtype Maan 10,8267 9,7447 9,4237 9,1875 8,9296 8,5693 

Std. 
3,5968 2,2193 2,0620 2,4555 2,7343 1,7307 Deviation 

Total Maan 11,0826 10,3095 9,7218 9,4357 9,0374 8,9332 

Std. 
3,6253 2,4662 2,0023 2,6713 2,5645 1,8174 Deviation 

raferenee morningtype Maan 13,4022 9,0490 7,0450 8,1220 6,9310 9,4840 
(daylight) Std. 

Deviation 

neither Maan 13,0160 12,3943 8,8334 10,6387 10,6797 9,4153 

Std. 
5,0027 4,3066 2,0195 2,3039 2,5862 3,7761 Deviation 

eveningtype Maan 8,7462 9,8288 9,3273 8,2177 8,0451 9,0453 

Std. 
2,2765 2,9890 2,3908 1,8800 1,8515 2,4048 Deviation 

Total Mean 9,9105 10,2899 9,0764 8,6955 8,4977 9,1485 
Std. 

3,3585 3,2027 2,2411 2,0724 2,1819 2,4898 Deviation 
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Report 

extravertness summation summatien summation summation summation summatien 
conditie I time 9:30 time 11:00 time 12:30 time13:45 time 15:15 time 16:45 
variabie extravert Maan 11,0596 8,1805 8,6941 7,6861 9,9780 9,8001 
artificiai Std. 
iighting Deviation 

5,2200 1,1417 1,6559 1,4239 1,5021 ,7508 

neither Maan 10,7000 9,2834 9,6991 9,4688 8,9921 9,5118 

Std. 
4,4978 3,3038 2,8455 3,1664 2,0191 2,8775 

Deviation 

introvert Maan 8,9508 8,6366 8,4830 8,4915 8,1033 7,2606 

Std. 
2,0999 1,8550 2,3081 1,4899 1,7402 1.4757 

Deviation 

Totai Mean 10,3526 8,8460 9,1438 8,7788 9,0164 9,0210 

Std. 
4,0613 2,5049 2,3931 2,4744 1,8517 2,3514 Deviation 

constant extravert Maan 12,4319 11,4087 10,3989 10,3378 9,3005 9,6262 
artificiai Std. 
iighting Deviation 5,1661 3,3431 3,2064 4,0939 3,1165 2,9100 

neither Mean 10,7450 10,0318 9,4070 9,9322 8,7654 9,0730 

Std. 
2,1242 2,1824 1,1841 1,9353 1,8798 1,0142 

Deviation 

introvert Mean 10,0708 9,4880 9,3596 8,0370 9,0464 8,1005 

Std. 
3,3319 1,7023 1,2196 ,8366 3,0973 ,7562 

Deviation 

Totai Mean 11,0826 10,3095 9,7218 9,4357 9,0374 8,9332 

Std. 
3,6253 2,4662 2,0023 2,6713 2,5645 1,8174 

Deviation 

raferenee extravert Mean 10,8088 10,8302 9,2483 9,0266 8,8166 9,3737 
(dayiight) Std. 

4,2059 3,7421 2,1806 2,3283 2,6601 2,9002 
Deviation 

neither Maan 7,1507 7.4873 7,9123 7,3213 6,8837 8,9537 

Std. 
1,1755 2,0765 1,3832 2,3281 1,5111 3,1021 

Deviation 

introvert Maan 10,3089 11,2150 9,5341 9,0566 9,0169 8,9502 

Std. 
2,2204 2,2952 2,8564 1,5553 1,5605 2,0255 

Deviation 

Totai Mean 9,9105 10,2899 9,0764 8,6955 8,4977 9,1485 

Std. 
3,3585 3,2027 2,2411 2,0724 2,1819 2,4898 

Deviation 

Report 

typing typing typing typing typing 
typing time time time time time 

conditie iightsensitivity time9:30 11:00 12:30 13:45 15:15 16:45 
variabie insensitive Mean 13,5451 12,3910 12,3054 11,8181 12,5147 12,0883 
artificiai Std. 
iighting Deviation 

1,5898 1,9634 1,4206 1,7782 3,1914 2,4869 

neither Mean 12,4577 12,1889 11,6945 11,3791 11,3801 11,3669 

Std. 
2,2828 2,4553 2,2572 1,2921 1,9164 2,0902 Deviation 

sensitive Maan 13,6980 12,5540 12,8185 12,0312 12,8148 11,8699 

Std. 
,5929 2,1317 2,4585 2,2238 2,1877 2,0984 Deviation 

Totai Mean 13,2435 12,3823 12,2428 11,7342 12,2352 11,8083 

Std. 
1,6656 2,0202 1,8882 1,6637 2,5259 2,1499 

Deviation 

constant insensitive Mean 12,1820 12,7817 10,9420 10,7537 11,1813 10,4817 
artificiai Std. 
iighting Deviation ,1423 2,1850 1,6131 ,7000 1,5896 ,7830 

neither Mean 13,6377 12,6270 12,0273 11,9922 11,9092 11,6544 

Std. 
2,3563 1,4014 1,2434 ,9795 1,3538 ,8533 Deviation 

sensitive Mean 13,9544 12,8467 12,7751 12,3153 12,0356 12,1344 

Std. 
1,8290 2,4342 3,2167 ,8602 ,8412 2,1635 Deviation 

Totai Mean 13,4976 12,6962 12,0325 11,8845 11,8323 11,5897 
Std. 

2,0642 1,5802 1,7475 ,9948 1,2286 1,2148 Deviation 

raferenee insensitive Mean 14,8071 13,4155 13,8252 13,3886 13,0898 12,6232 
(daylight) Std. 

1,5416 2,3126 3,3479 Deviation 2,0057 2,2914 1,9061 

neither Mean 12,8030 11,9665 12,1086 11,9605 11,8008 11,6452 
Std. 

2,5778 2,0147 2,0738 2,3524 1,5665 1,7638 Deviation 

sensitive Mean 13,2253 11,8392 12,0351 11,7232 11,5200 11,5082 
Std. 

1,3893 1,3773 Deviation 1,2186 1,1797 ,8896 1,9662 

Totai Maan 13,7454 12,4370 12,7707 12,4446 12,2228 11,9907 
Std. 

1,9084 2,0057 Deviation 1,8914 2,0192 1,6121 2,4623 
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Report 

momingness typing typing typing typing typing 
I typing time time time time time 

condrtie eveninoness time 9:30 11:00 12:30 13:45 15:15 16:45 
variabie momingtype Mean 12,7248 11,7307 11,9804 11,0728 11,8627 11,1020 
artificial Std. 
lighting Deviation 1,7454 2,1472 1,8907 1,7015 2,1813 1,6767 

narther Mean 13,7190 12,7658 12,1829 11,8734 11,7323 11,9915 
Std. 

,8865 ,5992 ,8526 1,5403 ,7876 1,8123 Deviation 

eveningtype Mean 13,8054 13,2220 12,8274 12,9177 13,4830 13,0375 
Std. 

2,1384 2,6501 2,8485 1,2854 4,1708 3,1427 Deviation 

Total Mean 13,2435 12,3623 12,2428 11,7342 12,2352 11,8083 
Std. 

1,8658 2,0202 1,8882 1,8637 2,5259 2,1499 Deviation 

constant momingtype Mean 13,3680 13,9433 12,4950 11,5553 12,8720 12,3134 
art~icial Std. 
lighting Deviation 1,5349 ,5421 ,5831 ,4337 ,8014 1,8074 

nerther Mean 12,3953 12,2093 10,3433 10,8167 11,1660 11,4220 
Std. 
Deviation 

eveningtype Mean 13,6214 12,5137 12,1019 12,0415 11,7038 11,4734 
Std. 

2,2719 1,6868 1,8980 1,0511 1,2726 1,2121 Deviation 

Total Mean 13,4976 12,6962 12,0325 11,8845 11,8323 11,5897 
Std. 

2,0642 1,5802 1,7475 ,9948 1,2286 1,2148 
Deviation 

relerenee momingtype Mean 12,9884 10,2573 10,7107 10,4440 10,5707 7,6360 
(daylight) Std. 

Deviation 
nerther Mean 15,4922 13,5414 14,2335 13,7670 12,8545 12,3458 

Std. 
1,4156 2,3043 1,8423 2,7716 1,7114 2,6127 

Deviation 

eveningtype Mean 13,3380 12,3339 12,5591 12,2659 12,2008 12,2898 
Std. 

1,8821 1,9280 1,7928 1,7922 1,6308 2,2562 Deviation 
Total Mean 13,7454 12,4370 12,7707 12,4446 12,2228 11,9907 

Std. 
1,9084 2,0057 1,8914 2,0192 1,6121 2,4823 

Deviation 

Report 

extravertness typing typing typing typing typing 
I typing time time time time time 

conditie introvertness time 9:30 11:00 12:30 13:45 15:15 16:45 
variabie extravert Mean 13,9814 13,8690 13,5672 12,9358 14,8168 13,6943 
art~icial Std. 
lighting Deviation 1,2935 1,4120 1,9185 1,4885 2,9099 2,4186 

nerther Maan 12,4943 11,7742 11,6950 11,0705 11,1378 11,0672 

Std. 
1,9577 2,2018 1,7678 1,2847 1,8542 1,8226 

Deviation 

introvert Maan 14,0040 12,0318 12,0140 11,8600 11,8483 11,4045 

Std. 
,5124 1,7335 1,9089 2,1569 1,7648 1,7593 

Deviation 

Total Maan 13,2435 12,3623 12,2428 11,7342 12,2352 11,8083 
Std. 

1,8658 2,0202 1,6882 1,6637 2,5259 2,1499 
Deviation 

constant extravert Mean 13,2370 13,1084 12,9261 12,1633 11,7300 12,2851 
artificial Std. 
lighting Deviation 1,9859 1,7706 2,2460 ,7976 1,0793 1,7329 

narther Maan 14,5117 12,4863 11,9566 12,1907 12,1226 11,4354 

Std. 
2,6848 1,6807 1,4460 1,1153 1,5488 ,5859 Deviation 

introvert Maan 12,5557 12,4431 11,0103 11,1534 11,5973 10,9133 
Std. 

,7651 1,5596 ,9925 ,8848 1,2484 ,6907 Deviation 
Total Mean 13,4976 12,6962 12,0325 11,8845 11,8323 11,5897 

Std. 
2,0642 1,5802 1,7475 ,9948 1,2286 1,2148 Deviation 

relerenee extravert Mean 13,2906 12,3867 12,3885 12,3277 11,8195 12,0368 
(daylight) Std. 

2,5258 2,2058 2,2601 2,7056 1,4731 2,4799 Deviation 
neither Maan 14,7007 13,3067 13,8210 13,6753 13,3656 14,2419 

Std. 
1,2498 2,8033 1,8384 1,0565 2,3789 2,2755 Deviation 

introvert Mean 13,8089 12,0135 12,6758 11,8700 12,1019 10,5756 
Std. 

1,1596 1,4325 1,4419 1,0767 1,3151 1,7603 Deviation 
Total Mean 13,7454 12,4370 12,7707 12,4446 12,2228 11,9907 

Std. 
1,9084 2,0057 1,8914 2,0192 1,6121 2,4823 Deviation 
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Report 

time time time time time time 
es tirnation estimation estimation estimation es tirnation estimation 

conditie lightsens~iv~y 9:30 11:00 12:30 13:45 15:15 16:45 
variabie insens~ive Mean 10,3700 13,1257 11,4100 10,4443 10,9486 12,1686 
artificial Std. 
lighting Deviation 

1,3731 4,2178 1,4052 2,8926 1,7563 3,0426 

ne~her Maan 11,8620 9,7860 11,3520 9,4980 9,6160 9,3860 

Std. 
3,9669 2,6411 3,3157 1,0733 1,4014 1,2331 

Deviation 

sens~ive Maan 11,2100 9,5833 10,7633 9,4100 10,1533 9,5800 

Std. 
2,5502 1,2861 1,8868 1,0919 ,3612 1,8431 Deviation 

Total Mean 11,0353 11,3040 11,2613 9,9220 10,3453 10,7233 

Std. 
2,5894 3,6004 2,1361 2,0838 1,5105 2,6173 Deviation 

constant insens~ive Mean 10,7600 10,2650 11,3500 11,3850 11,1600 10,9700 
artificial Std. 
lighting Deviation 

1,8243 ,8839 1,7395 2,6517 1,1172 2,1779 

ne~ Mean 13,4275 13,6775 12,7750 12,4625 12,8225 14,7388 

Std. 
3,5651 3,2169 1,7845 1,6616 2,1763 3,2758 Deviation 

sensitive Mean 11,2675 12,6975 12,6725 11,4350 11,5650 11,7450 

Std. 
3,0938 4,5828 4,9549 4,0094 2,8956 3,1828 

Deviation 

Total Maan 12,4293 12,9100 12,5421 12,0150 12,2257 13,3450 

Std. 
3,2811 3,4543 2,8054 2,4546 2,2604 3,3663 

Deviation 

raferenee insensitive Maan 10,3650 11,8783 11,9183 11,3850 11,7183 11,2933 
(day1ight) Std. 

1,6318 1,9056 2,5178 1,8668 2,5092 2,5549 
Deviation 

nafther Mean 10,1400 10,4850 10,3800 9,9275 10,1725 10,4475 

Std. 
1,8846 1,5332 1,4813 1,4086 ,5487 1,9934 

Deviation 

sens~ive Maan 10,9140 11,6760 11,1720 11,5020 12,4300 10,7220 

Std. 
1,0682 1,7160 2,3773 2,2442 2,7817 2,1470 Deviation 

Total Mean 10,4880 11,4393 11,2593 11,0353 11,5433 10,8773 

Std. 
1,4642 1,7334 2,1815 1,8946 2,3140 2,1530 

Deviation 

Report 

momingness time time time time time time 
I estimation estimation estimation estimation estimation estimation 

conditie eveninQness 9:30 11:00 12:30 13:45 15:15 16:45 
variabie momingtype Mean 10,7586 10,9200 10,5071 9,2171 9,7371 10,8029 
artificial Std. 
lighting Deviation 

2,7124 3,5863 1,6445 2,3975 ,4565 2,7969 

nafther Mean 9,6275 10,0375 10,1125 10,4725 10,7300 10,8750 

Std. 
2,3178 2,5647 1,3035 1,9289 2,5449 3,5902 Deviation 

eveningtype Mean 12,9275 13,2425 13,7300 10,6050 11,0250 10,7825 

Std. 
1,8996 4,5497 1,7244 1,6917 1,4415 1,8343 

Deviation 

Total Mean 11,0353 11,3040 11,2613 9,9220 10,3453 10,7233 

Std. 
2,5894 3,6004 2,1361 2,0838 1,5105 2,6173 

Deviation 

constant momingtype Mean 12,9300 13,0150 11,9950 12,4850 12,6250 14,0350 
artiflcial Std. 
lighling Deviation 4,8932 4,7730 2,6517 4,2073 3,1891 6,5125 

ne~ Mean 11,1000 13,6300 15,1900 13,2600 13,6300 12,9400 

Std. 
Deviation 

eveningtype Mean 12,4591 12,8255 12,4009 11,8164 12,0255 13,2564 
Std. 

3,3724 3,6292 2,9573 2,4124 2,3134 3,2202 Deviation 

Total Mean 12,4293 12,9100 12,5421 12,0150 12,2257 13,3450 
Std. 

3,2811 3,4543 2,8054 2,4546 2,2604 3,3683 Deviation 

relerenee momingtype Mean 7,8000 10,9900 9,9000 9,3700 8,8900 8,6600 
(day1ight) Std. 

Deviation 

neither Mean 11,1433 12,2300 11,7533 11,4000 12,7900 12,4600 
Std. 

1,4521 2,7976 3,2305 2,1370 3,1027 3,2471 Deviation 

eveningtype Mean 10,5536 11,2645 11,2482 11,0873 11,4445 10,8473 
Std. 

1,3129 1,5492 2,0778 1,9473 2,0953 1,7548 Deviation 

Total Maan 10,4880 11,4393 11,2593 11,0353 11,5433 10,8773 
Std. 

1,4642 1,7334 2,1815 1,8946 2,3140 2,1530 Deviation 
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Report 

extravertness time time time time time time 
I estimation estimation estimation estimation estimation estimation 

conditie introvertness 9:30 11:00 1230 13:45 15:15 16:45 
variabie extravert Maan 11,6733 13,9500 12,6600 10,9433 11,0633 13,3633 
artificial Std. 
lighting Deviation 2,1553 4,5279 ,2587 1,4229 1,1230 2,8069 

ne~her Maan 11,0438 10,8163 11,2013 9,3763 9,7663 9,6875 
Std. 

3,2870 3,6911 2,6917 2,3136 1,1302 1,0749 Deviation 
introvert Maan 10,5400 10,2950 10,3325 10,2475 10,9650 10,8150 

Std. 
1,4997 2,4579 1,1083 2,1079 2,2146 3,7654 Deviation 

Total Maan 11,0353 11,3040 11,2613 9,9220 10,3453 10,7233 
Std. 

2,5894 3,6004 2,1361 2,0838 1,5105 2,6173 Davietion 

constant extravert Maan 12,3500 13,4620 12,8840 13,0280 12,1800 13,5820 
artificial Std. 
lighting Deviation 3,3308 4,1073 3,9923 3,0528 2,8873 3,8871 

ne~r Maan 13,7740 14,0380 13,2420 12,3340 13,2580 14,8480 
Std. 

4,1227 3,5978 1,8615 1,3530 2,1793 3,3960 Davietion 

introvert Mean 10,8475 10,8100 11,2400 10,3500 10,9950 11,1725 
Std. 

1,6843 1,8559 2,2274 2,3801 ,9490 1,8547 Deviation 

Total Mean 12,4293 12,9100 12,5421 12,0150 12,2257 13,3450 
Std. 

3,2811 3,4543 2,8054 2,4546 2,2604 3,3663 Deviation 

raferenee extravert Maan 10,2271 11,4514 11,7843 11,1114 12,1286 10,8671 
(daylight) Std. 

1,3829 2,2032 2,1583 2,1162 3,0992 2,5409 Davietion 

ne~her Maan 10,6400 11,2467 11,4167 11,4033 11,1100 10,0667 
Std. 

,6428 1,2515 3,3213 1,9870 ,9331 1,4023 Deviation 
introvert Maan 10,7620 11,5380 10,4300 10,7080 10,9840 11,3780 

Std. 
2,0490 1,5531 1,6710 1,9043 1,6636 2,1794 Deviation 

Total Maan 10,4880 11,4393 11,2593 11,0353 11,5433 10,8773 
Std. 

1,4642 1,7334 2,1815 1,8946 2,3140 2,1530 Deviation 

Report 

Light at 
working lighting beginning lightjust lightjust light at 

subjeelive day condition of before after end of 
conditie liahtsensitivitv mood evalustion evalustion momina lunch lunch dav 
variabie insensitive Mean 6,3611 3,0714 2,7143 2,5000 2,7500 2,8000 1,7143 
artificial Std. 
lighting Deviation 1,4431 ,4009 ,5245 1,2910 ,5000 ,4472 ,4880 

neither Maan 6,4000 3,1000 2,8667 2,7500 3,3333 3,0000 2,2000 
Std. 

,9324 ,5184 ,5578 ,5000 ,5774 1,0000 ,4472 Deviation 
sensitive Mean 5,0833 3,3750 2,5833 3,7500 3,0000 3,6667 3,0000 

Std. 
1,4175 ,4330 ,5000 ,5000 2,0000 ,5774 1,6330 Deviation 

Total Maan 6,0333 3,1563 2,7292 3,0000 3,0000 3,0909 2,1875 
Std. 

1,3321 ,4366 ,5051 ,9535 1,0541 ,7006 ,9811 Davietion 
constant insensitive Maan 5,5000 2,4167 2,7778 2,6667 2,6667 2,6667 2,6667 
artificial Std. 
lighting Davietion 1,0138 ,6292 ,5092 ,5774 ,5774 ,5774 ,5774 

neither Maan 6,2407 3,4000 3,3000 3,4286 3,0000 3,3333 3,0000 
Std. 

1,3310 ,4441 ,5544 ,5345 ,0000 ,5000 ,7071 Davietion 
sensiüve Maan 5,6667 2,7500 3,0000 3,2500 3,5000 3,2500 3,5000 

Std. 
1,5811 1,3229 1,3608 ,5000 1,0000 ,5000 1,0000 Deviation 

Total Maan 5,9583 3,0735 3,1373 3,2143 3,0769 3,1875 3,0625 
Std. 

1,3017 ,8138 ,7733 ,5789 ,6405 ,5439 ,7719 Davietion 
raferenee insensitive Maan 6,0278 3,2917 3,1667 3,0000 3,2000 3,0000 3,1667 
(daylight) Std. 

,9855 ,4306 ,3496 ,4472 ,0000 ,4082 Deviation ,0000 

neither Maan 5,6667 3,3125 3,2500 3,2500 3,0000 3,0000 3,2500 
Std. 

1,9003 ,1250 ,3191 ,5000 ,0000 ,0000 ,5000 Deviation 
sansitive Mean 6,0333 3,4500 2,5333 3,2000 2,6000 3,2000 3,2000 

Std. 
,7110 ,4809 ,8028 ,4472 1,1402 ,4472 ,8367 Davietion 

Total Mean 5,9333 3,3500 2,9778 3,1538 2,9286 3,0714 3,2000 
Std. 

1,1370 ,3756 ,5972 ,3755 ,7300 ,2673 ,5606 Deviation 
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Report 

Light at 
momingness werking lighting beginning lightjust lightjust light at 
I subjeelive day condition of before alter end of 

conditie eveninoness mood evalustion evalustion moming lunch lunch dav 
variabie me mingtype Mean 6,4792 3,2813 2,7917 2,8333 2,6000 3,2000 2,2500 
artificial Std. 
lighting Deviation 1,4460 ,4105 ,5893 1,1690 1,1402 ,4472 ,7071 

neither Mean 5,3889 2,7500 2,6667 3,0000 3,0000 3,3333 1,7500 

Std. 
,4194 ,3536 ,2722 1,0000 ,0000 ,5774 ,5000 

De viatien 
eveningtype Mean 5,6250 3,3125 2,6667 3,3333 4,0000 2,6667 2,5000 

Std. 
1,4554 ,3750 ,6086 ,5774 1,4142 1,1547 1,7321 

Deviation 
Total Mean 6,0333 3,1563 2,7292 3,0000 3,0000 3,0909 2,1875 

Std. 
1,3321 ,4366 ,5051 ,9535 1,0541 ,7006 ,9811 Deviation 

constant momingtype Mean 6,5000 3,1250 3,0000 3,0000 3,0000 3,0000 3,0000 
artificial Std. 
lighting Oe viatien ,7071 ,8839 ,4714 ,0000 

neither Mean 3,7500 3,6667 3,0000 

Std. 
Deviation 

eveningtype Mean 5,8810 3,0179 3,1190 3,2308 3,0833 3,2143 3,0714 

Std. 
1,3657 ,8462 ,8332 ,5991 ,6686 ,5789 ,8287 

De viatien 
Total Mean 5,9583 3,0735 3,1373 3,2143 3,0769 3,1875 3,0625 

Std. 
1,3017 ,8138 ,7733 ,5789 ,6405 ,5439 ,7719 

De viatien 
raferenee momingtype Mean 7,5000 3,7500 3,0000 3,0000 3,0000 3,0000 3,0000 
(daylight) Std. 

Deviation 
neither Mean 5,7222 3,0833 3,2222 3,0000 3,3333 3,0000 3,3333 

Std. 
,5358 ,3819 ,1925 ,0000 ,5774 ,0000 ,5774 Deviation 

eveningtype Mean 5,8485 3,3864 2,9091 3,2222 2,8000 3,1000 3,1818 

Std. 
1,2190 ,3599 ,6846 ,4410 ,7888 ,3162 ,6030 De viatien 

Total Mean 5,9333 3,3500 2,9778 3,1538 2,9286 3,0714 3,2000 

Std. 
1,1370 ,3756 ,5972 ,3755 ,7300 ,2673 ,5606 Deviation 

Report 

Light at 
extravertness werking lighting beginning lightjust lightjust light at 
I subjective day condition of befere alter end of 

conditie introvertness mood evalustion evalustion momino lunch lunch dav 
variabie extravert Mean 5,7083 3,2500 2,5833 2,6667 3,3333 3,0000 2,7500 
artificial Std. 
lighting De viatien 1,4930 ,3536 ,5000 1,5275 1,5275 ,8165 1,7078 

neither Mean 6,8095 3,0938 3,0000 2,6000 3,2000 3,0000 2,1250 
Std. 

1,0516 ,5165 ,4714 ,5477 ,4472 ,7071 ,3536 
Deviation 

introvert Mean 5,0000 3,1875 2,3333 3,7500 2,0000 3,5000 1,7500 
Std. 

,9329 ,4270 .2722 ,5000 1,4142 ,7071 ,9574 
De viatien 

Total Mean 6,0333 3,1563 2,7292 3,0000 3,0000 3,0909 2,1875 
Std. 

1,3321 ,4366 ,5051 ,9535 1,0541 ,7006 ,9811 Deviation 
constant extravert Mean 6,3000 3,2000 3,1333 3,5000 3,5000 3,5000 3,4000 
artificial Std. 
lighting Deviation 1,8235 1,2674 1,2156 ,5774 1,0000 ,5774 ,8944 

neither Mean 6,0833 3,3000 3,1333 3,5000 3,0000 3,2000 2,7500 
Std. 

,9078 ,3260 ,6912 ,5774 ,0000 ,4472 ,9574 Deviation 
introvert Mean 5,6429 2,8214 3,1429 2,8333 2,8333 3,0000 3,0000 

Std. 
1,1763 ,7029 ,5394 ,4082 ,4082 ,5774 ,5774 Deviation 

Total Mean 5,9583 3,0735 3,1373 3,2143 3,0769 3,1875 3,0625 
Std. 

1,3017 ,8138 ,7733 ,5789 ,6405 ,5439 ,7719 Oeviation 
raferenee extravert Mean 5,4762 3,2500 2,7619 3,1429 2,7143 3,1429 3,1429 
(daylight) Std. 

1,1239 ,2500 ,3780 ,3780 ,6901 De viatien ,7868 ,9512 

neither Mean 5,9444 3,5000 3,2222 3,0000 3,0000 3,0000 3,0000 
Std. 

,9766 ,4330 Deviation ,5092 ,0000 ,0000 ,0000 

introvert Mean 6,5667 3,4000 3,1333 3,2000 3,2000 3,0000 3,4000 
Std. 

1,1341 ,5184 ,1826 Deviation ,4472 ,4472 ,0000 ,5477 

Total Mean 5,9333 3,3500 2,9778 3,1538 2,9286 3,0714 3,2000 
Std. 

1,1370 Oeviation ,3756 ,5972 ,3755 ,7300 ,2673 ,5606 
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