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 ABSTRACT 

The newly discovered system of retinal receptors for circadian rhytms has confirmed an anatomical 
basis for the non-visual effects of light. The previous studies have shown that the circadian system 
of human is the most sensitive to blue light (460 nm). This implies that by choosing a right type of 
light by its spectrum it might be possible to enhance the learning process.  
 
This study examined the effects of the correlated colour temperature of light on alertness in lecture 
environment. It consisted of two sequential field studies and a reference study. The participants were 
exposed to two different illuminations (4 000 K and 17 000 K) for 90 minute periods and they were 
asked to judge their level of alertness on a 9-step scale. The influence of the prior-to-lecture 
exposure to light on result was investigated. Other cues such as the environmental factors during the 
lecture and the individual characteristics of the subjects were also controlled and evaluated. The 
language used throughout the study was Finnish. 
 
The use of 17 000 K light source did not show to improve alertness compared to the use of 4 000 
light source. However, the correlated colour temperature of light did prove to be associated with the 
alertness of the subject in the end so that he higher the Tcp was during the lecture the better the 
alertness was in the end. The results also imply that using 17 000 K as the Tcp of the light source 
might help the students to maintain a higher level of alertness in the afternoon lecture after the lunch 
time.  
 
The environmental conditions during the lecture remained nearly constant and turned out not to have 
an effect the behaviour of alertness. Instead, the level of alertness showed positive correlation with 
the chronotype, thus the tendency to be alert early or late in the day. Unlike expected, the prior 
exposure to daylight and the use of stimulating substances such as coffee did not improve the 
alertness.  
 
Although no direct effect of the colour of lighting on alertness was indicated, blue light seemed to 
help the students to maintain their alertness in the afternoon. However, more consisted work is 
needed before further conclusion can be drawn about human’s sensitivity on high correlated color 
temperature lighting. In future studies there is a strong call for objective markers for alertness.  



 

  

SYMBOLS AND ABBREVIATIONS 

 
cd/m2  candela per square meter (unit of luminance) 
K   degree in Kelvin (unit of temperature) 
lx  lux (unit of illuminance) 
�    probability value 
ppm  parts per million (unit of CO2-concentration) 
p   correlation coefficient 
Ra  colour redering index 
Tcp  correlated colour temperature 
ºC  degree in Celsius (unit of temperature) 
AAC   alpha attenuation coefficient 
ANOVA  analysis of variance 
CO2  carbon dioxide  
DALI  digital addressable lighting interface 
EEG  electroencephalography 
ipRGC  intrinsically photosensitive retinal ganglion cell 
LC   locus coeruleus 
NIF  non-image forming 
RHT  retinohyphothalamic track 
SCN  suprachiasmatic nuclei 
SPVZ  subparaventricular zone 
SPSS   statistic package for the social science 
VLPO   ventrolateral preoptic 
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1 INTRODUCTION 

This research has been carried out in the Lighting Laboratory at Helsinki University of Technology 
during 2007. It has been financed by the Finnish Funding Agency for Technology and Innovation 
(Tekes), Philips Idman Oy, Helvar Oy and Senate Properties.  
 
The previous studies have shown that the circadian system of human is the most sensitive to light of 
around 460 nm by its wavelength (Berson et al, 2002, Brainard and Hanifin, 2005). There is 
evidence that 460 nm monochromatic light can cause twice the amount of melatonin suppression 
compared to 555 nm monochromatic light, and that the effect is dependent on the duration of 
exposure in addition to wavelength. (Lockley et al, 2003). This opens an interesting question 
whether it was possible to gain non-visual effects among people by using a light source of high 
colour temperature and continuous spectrum in general lighting. Furthermore, could it be possible 
to save energy and still keep the people alert by changing the light into a source that stimulates the 
biological system? 
 
The objective of this research is to find out, whether the students can benefit from the light of high 
colour temperature in a learning environment. There are two field studies, one in late spring and one 
in late autumn, that take place in a lecture hall at the Department of Electrical Engineering and 
Telecommunications. Between them there is a reference study that is conducted in a distinct lecture 
environment.  
 
The lighting installation of the experimental lecture hall has been recently renovated. It consists of 
two flourescent light sources, 4 000 K and 17 000 K by their correlated colour temperature. The 
lights are controlled by the DALI-protocol, which allows us to use either one light source at the 
time or combination of the two sources. The power spectrum of the 17 000 K light source is 
concentrated around 460 nm. It corresponds to bluish light and has been shown to improve the 
productivity in an office environment (Mills et al, 2007). We set out to investigate the effect of the 
colour temperture on alertness during the lectures at photopic light levels. 
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2 NON-VISUAL EFFECTS OF LIGHT 

There are two distinct neural pathways which are activated by the light. One of the them is the 
visual pathway that supports the vision and visual reflexes and the other one the 
retinohyphothalamic track (RHT), which regulates the circadian and neuroendocrine systems 
(Skene et al, 1999). The RTH connects the retina and the hypothalamus, which controls many basic 
functions of the body, such as the sleep/wake rhytmn, core body temperature, hormone secretion 
and other physiological parameters including cognitive function and immune response. There is a 
specific nuclei in the hypothalamic, called suprachiasmatic nuclei (SCN) that is believed to be the 
dominant ‘biological clock’ that drives most daily rythms in physiology and behaviour. The SCN 
passes on information regulating the secretion of almost all hormones, including nocturnal pineal 
hormone melatonin and serotonin and cortisol, often referred to the ‘mood hormone’ and ‘stress 
hormone’ respectively. Hence poor relay of information damages the immune system and affects 
the sleep length and quality and mood. 
 
The rapid advance in understanding how light stimulates non-image forming (NIF) functions has 
been led by the discovery of a new photoreceptor in mammalian eye (Brainard et al, 2001a; Thapan 
et al, 2001). Unlike it was believed before, rods and cones are not the only photoreceptors in the eye 
and furthermore they are not the photoreceptors behind the physiological responses to daylight. 
Instead there is a novel photoreceptor, termed intrinsically photosensitive retinal ganglion cells 
(ipRGCs) which appear to be responsible for stimulating the RHT. The ipRGCs are actually located 
in the ganglion cell layer rather than in the outer retina as rods and cones. These cells differ from 
the rods and cones also in other important respects.  
 
First of all, they respond to light very slowly. When rods and cones take only milliseconds to react, 
ipRGCs require an exposure time of over 10 seconds before the response is detected. They also 
differ from the range of wavelengths they are sensitive to. Cones are the most sensitive to 555 nm 
and rods to 507 nm (Halonen et Lehtovaara, 1992) which corresponds to green part of the spectrum. 
ipRCSs, on the other hand, are highly sensitive to blue-light. This is because they contain 
photopigment called melanopsin, (Melyan et al, 2005) which has its absorption peak in 482-484 nm 
(Berson 2003). Considering that melatonin is the most sensitive to wavelengths around 460 nm 
(Brainard et al, 2001b) one can see that the ipRGCs match the peak sensitivity for non-image-
forming responses to light but differ significantly from the absorption spectra of rods and cone 
photopigments. Ultimately the ipRGCs are bigger than the traditional photoreceptors but they are 
relatively few in number, thus a few thousand compared to millions of rods and cones (Dacey et al, 
2005).  
 
The most studied and probably also the most important task of the ipRGCs is to synchronise the 
circadian rhytmn. Without the light the system would run freely and the sleep/wake-cycle would be 
over 24 hours. Thus light can be thought as an external cue that entrains the internal clock to work 
properly. By modulating the circadian rhythm by light it is possible help people with irregular daily 
rhythms. Light is e.g. already been used to treat shift workers that might feel tired because of 
working by night when the body is telling them to sleep (Czeisler et al, 1990). Also jet lag caused 
by traveling through times zones can be relieved by exposing to bright light and dark light at 
appropriate times (Houpt et al, 1996).  
 
Besides shifting the phase of the endogenous clock by light, there is also evidence for the 
involvement of the ipRGCs in pupillary reflex, alertness, mood and ultimately in performance. The 
next chapter tries to reveal the physiology and possible mechanisms behind the light’s effect on 
alertness and furthermore on productivity. 
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3 LIGHT AND ALERTNESS 

Light’s effect on alertness has been examined a lot, but the mechanism explaining the detected 
reactions still remains unclear. There are various theories about the pathway of light stimulus; 
however, none of the theories has been able to explain why different research groups gain different 
results when testing daytime or nighttime alertness.  
 
There are a couple of things that have unanimously been proven. First of all, it is known that 
mechanism behind the alerting effect of light is separate from melatonin suppression (Phipps-
Nelson et al, 2003). Light exposure at night suppresses melatonin and increases alertness, which 
refers to the fact that light exerts its alerting effect through the activation of neurons in the SCN. 
However it does not apply during the day, when there is not melatonin, so there has to be another 
mechanism for that.  
 
Another thing commonly recognized is that visual photopic system is not the primary photoreceptor 
system mediating alerting responses to light (Cajochen et al, 2005; Gooley et al, 2003). According 
to various studies alerting effect is most sensitive to light at short wavelengths (Lockley et al, 2006; 
Revell et al, 2006) but the action spectra for the mechanism for alerting effects of light particularly 
is not yet defined. Some results suggest that longer wavelengths of light might have an alerting 
effect an hour after the exposure has ended, which would imply that the cones contribute in some 
part to the acute alerting effects of light (Lockley et al, 2006). One possibility is that the 
photopigments involved depend on the intensity of the light stimulus. Some results are, however, 
against this theory of cones taking any part to the non-visual photoreception (Cajochen et al, 2005). 
 
One promising theory is that the light travels both directly from the eye to the brain areas involved 
in arousal and also indirectly via the suprachiasmatic nucleus SCN. The SCN, ventrolateral preoptic 
nucleus VLPO and subparaventricular zone SPVZ have all been implicated in the alerting effects of 
bright light at night. The SCN also has a direct projection to the locus coeruleus LC which is a brain 
area strongly associated with arousal and sleep-wake functions (Lu et al, 2000). In rodents, both the 
VLPO and SPVZ receive direct projections from the ipRGCs (Gooley et al, 2003).  

3.1 Spectral distribution and correlated color temp erature 

Cajochen et al (2005) claims that short wavelength light (460 nm) is more effective than longer 
wavelength light (550 nm) in reducing sleepiness in the evening (Cajochen et al, 2005). The 
following year Lockey et al (2006) compared nearly the same light sources and agreed that subjects 
exposed to 460-nm light had significantly lower subjective sleepiness ratings than people exposed 
to 555-nm light. Revell et al (2006), however, found out that compared to 470 nm light, alertness 
levels were significantly higher in 420 nm light and significantly lower than in the 600-nm light. 
These data (420 nm>470 nm>600 nm) suggest that subjective alertness may be maximally sensitive 
to shorter wavelength light than what has been expected. Both animal and human data would 
suggest 440–480 nm light to be the most effective wavelengths for all non-image forming 
responses. 
 
The contradictory results may reflect differences in the photic pathways involved in these NIF 
responses. It is possible, for example, that the alertness response uses both melanopsin and cone 
inout whereas the phase shifting response is driven primarily only by melanopsin. It is also possible 
that the contribution of photopigments varies depending on the intensity of the light stimulus. One 
explanation to the unexpected results might be that human melanopsin really is maximally sensitive 
to short wavelengths (420–430 nm) and it drives the alertness response.  However, this proposal is 
at odds with the vast majority of data that indicate that melanopsin is maximally sensitive to around 
480 nm. (Panda et al 2005; Dacey et al 2005) 
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Different wavelengths activate different frequencies in brain activities which are connected to 
arousal and circadian rhythm of melatonin production (Lockley et al, 2003; Aeschbach et al, 1999). 
We need to define action spectra for the alerting effects of light on multiple electroencephalography 
(EEG) frequencies during both daytime and nighttime exposures. This is of the most important 
things on the way to understand light’s effect on alertness.  
 
There is another way to approach alertness, thus thinking about how we can benefit from the 
decrease of it. A good application is the bedroom or other environments where it is desirable to 
facilitate lowered physiological activity. Noguchi and Sakaguchi (1999) have used heart rate 
variability as an index of the autonomic nervous system and alpha attenuation coefficient (AAC) 
and mean frequency of EEG to indice the central nervous system. Their investigations were done 
with two Tcps (3000 K, 5000 K) and two levels of illuminance (30 lx, 150 lx) and it turned out that 
correlated colour temperture is more relevant parameter than illuminance when illuminance levels 
are low. No effect on HRV from illumination was noted but low color temperature light appeared to 
create a smooth lowering of central nervous system activity indicating that light with low color 
temperature could be used to put people in sleep. 

3.2 Exposure time, timing and illuminance 

Depending on the study method and research setting, the effect of the exposure time and the 
duration on alertness varies a lot. Badia and others (1991) found no difference in alertness between 
the effects of bright light (5000 lx) and dim light (50 lx) exposure during the daytime (Badia et al, 
1991). At the nighttime sleepiness was considerable greater under the dim light than under bright 
light and the difference became larger as the night progressed. These kinds of results are however 
left loose because Badia did not consider the effects daytime exposure might have on nighttime 
alertness and vice versa. Over a decade later Phipps-Nelson (2003) came to the conclusion that 
daytime bright light (1000 lx) does indeed affect the alertness by reducing sleepiness compared to 
dim light (5 lx).  
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4 MOTIVATION TO WORK AND HYPOTHESIS 

As can be seen in the previous chapter there are already many studies about the effects of colour 
temperture of light on alertness. They are, however, mainly carried out in evening or night time 
which associates the results with the decrease of melatonin. In this study, the motivation is to find 
out more about the alertness in daytime. Another weekness of the previous studies is that they tend 
to be conducted in laboratory conditions and not in the field. Here we set up an experiment that 
operates in real environment with random subjects. 
 
As the study environment it has been chosen a lecture hall, because the school is a place were high 
alertness level indicates productivity and can thus be appreciated. School has been used as test 
environment recently in other studies aswell. In a study conducted in an elementary school in 
California, USA, Berman (2006) tested the effect of colour temperture on childen’s near visual 
acuity. It proved to be better  under 5 500 K compared to the 3 600 K light (nominal Tcp values of 
the lamps provided by the manufacturer were 6 500 K and 4 100 K) in the equal luminance 
conditions (Berman & al, 2006). Berman did not, however, report the timing or the duration of the 
exposure thus it is not known whether it was a matter of an immediate change or a change that 
appeared after certain amount of time. One could also critize Berman for his tendency to draw 
conclusions about the visual environment and energy consumption based on a simple pupil size 
measurement. 
 
A study that takes us closer to understand the relationship between light and alertness is a recent 
study done by Lehr and others (2007) at a university in Erlangen, Germany. They assumed that 
effects of  blue light would occur only a few seconds after the exposure and should lead  to an 
increase in alertness. To investigate that they exposed the participants to illuminations of different 
wavelengths for 20 seconds and asked them to jugde their degree of alertness. There was also a 
reading test to measure the speed of information processing. The results showed  that the alertness 
was signicantly higher when comparing blue light against yellow light. Analogoues to that, the 
speed in the reading test increased after switching from the yellow to blue light (Lehr & al, 2007).  
 
Although there are many useful characteristics in the set-ups decribed above, the test setting would 
have to be modified some. First of all, the test would need to be repeated many times to get reliable 
results. Secondly, because the lighting research aims into improvents in general lighting, it would 
make more profit to study lighting conditions that can improve the alertness while sitting in the 
lecture and not to concentrate on short time exposures. Studying the long-term effects of light on 
human would also require that other factors, such as indoor environment and prior-to-lecture 
exposure to light are investigated. Finally, the challenge is to come up with measuring techniques 
that allow us to compare subjective results gained with the test subjects to something objective.  
 
These results let us to hypothise that with the right type of light it is possible to increase alertness 
and help the students to sustain their attention in the lecture. If this hypothesis is true, it should be 
possible to lower the intensity of the blueish light (17 000 K) but still get the same alerting effect 
than with the whitish one (4 000 K). Considering the energy consumption,  this kind of results 
would have a huge impact on lighting designing at schools. To test this hypothesis two field studies 
and a reference study are conducted. The subjects taking part in the study represent a random 
sample of students. They are, however, assumed to have normal vision without any age-related 
impairements. 
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5 RESEARCH ENVIRONMENT 

5.1 Physical setting and equipment 

Both experiments were carried out in a lecture hall at Helsinki University of Technology. The 
lecture hall in presented in Figure 1.  
 

 

 
In the lecture hall there were altogether 69 luminaires from which 11 were located in the back, 54 in 
the middle and 4 in the front part of the room. The placing of the luminaires is presented in Figure 
2. 

The luminaires were OfficeNova 240TCS luminaires with D6 optics by Idman Philips. In each 
luminaire there were two different 49 W flourescent light sources: T5-lamp which was 4 000 K by 
its correlated colour temperature (Ra > 80) and Philips ActiViva-lamp with the Tcp of 17 000 K (Ra 
> 80). Both lamps had electric ballasts and they were dimmable. The lighting control system Helvar 
DIGIDIM used DALI-protocol.  
 
As can be seen in Figure 1 the ceiling was made of brown wood. Because the perceived colour is 
dependant on both the spectral distribution of the light source and  the properties of the surface of 
the objects, the materials used in the lecture hall affected the illumination environment. This leads 
to the fact that the measured Tcp with 4 000 K-lamp was actually 3 870 K and with 17 000 K-lamps 

Figure 1. View in the lecture hall. 

Figure 2. General layout of the lecture hall. Figure 3. Metering points for illuminance 
measurements. 
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12 370 K. For now on illumination environments will be referred as 4 000 K- and 12 000 K-
environments.  
 
The spectral power distributions of the two lighting set-up were measured with Ocean Optics 
HR400 High-resolution Spectrometer and are presented in Figure 4. In the power spectrum of the 
12 000 K lighting condition the wavelengths between 400 nm and 500 nm are well represented. It 
corresponds to bluish light. The 4 000 K light condition has its peak at around 550 nm and appears 
to the observer as yellow.  
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Luminance distribution in the room was recorded with Nikon Coolpix 8400-digital camera and 
processed with Photolux 2.1 –software. The camera had a fish eye-lens with a viewing angle of 180 
degrees both vertically and horizontally. Illuminance in both field studies was measured with LMN 
POCKET LUX on every other seating row and the 16 metering points are presented in Figure 3. 
 
In the first field study temperature and CO2 –concentration were measured with Kanomax 2211. In 
the second field study temperature was measured with a CO2-concentration meter from Vaisala and 
temperature with Coreci Humicor.  

5.2 Study 1 

5.2.1 Illuminance 

In the study the lights were set so, that the students were able to make notes and see the power point 
presentations while sitting in the audience. Thus, the horizontal illumination at the table level was 
approximately 800 lx and in the front by the lecturer 400 lx. However, as can be seen from Table 1, 
the light level was not fully uniform in the lecture hall.  

Table 1. Illumination set-ups in the first field study. 

 4 000 K 12 000 K 
Planned illuminance 800 lx 800 lx 
Real average illuminance 712 lx 645 lx 
Longitudinal uniformity (Eave/Emax) 0,88 0,80 
General uniformity (Emin/Eave) 0,67 0,65 

Figure 4. Light spectrum measured in the lighting environments under the two light sources. 
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5.2.2 Luminance 

Luminance distribution in the two lighting environments is presented in Figures 5 and 6. The 
average luminance of the luminaires was close to 20 000 cd/m2 whereas the luminance on room 
surfaces was between 20 and 100 cd/m2. 
 

  

5.3 Study 2 

5.3.1 Illuminance 

Based on the feedback from the first field study the experiment underwent improvements. The 
horizontal illumination level at the table level in the audience was increased from 800 lx to 1000 lx 
so that after the adjustments the illumination in the hall was approximately 1000 lx and in the front 
by the lecturer 400 lx. The screen was made better visible by keeping the four luminaires on top of 
the lecturer’s table switched off. In the second study light levels reached a better general and 
longitudinal uniformity than in the first study as can be seen in Table 2.  

Table 2. Illumination set-ups in the second field study. 

 4 000 K 12 000 K 
Planned illuminance 1 000 lx 1 000 lx 
Real average illuminance 904 lx 920 lx 
Longitudinal uniformity (Eave/Emax) 0,90 0,90 
General uniformity (Emin/Eave) 0,83 0,84 

 

Figure 5.  Luminance distribution in 4 000 K 
environment. 

Figure 6. Luminance distribution in 12 000 K 
environment. 
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5.3.2 Luminance 

Luminance distribution in the two lighting environments is presented in Figures 7 and 8. The 
luminance of the luminaires was as high as 50 000 cd/m2 and luminance on tables and other 
surfaces was between 20 and 200 cd/m2. 
 

  

5.4 Reference study 

In addition to the actual field studies also a reference study was made to define boundaries for the 
normal change in alertness in constant lighting conditions. The reference study was conducted in a  
 
42 m2 lecture room without the ability to change neither the colour temperature nor the illuminance. 
The room is presented in Figure 8.  
 

 

The room was equipped with 12 TBS315 luminaires that used D6 optics by Idman Philips. In each 
luminaire there was one 35 W T5 flourescent lamp, 4 000 K by its Tcp (Ra >80). Horizontal 
illuminance was approximately 440 lx at table level. Both general (Emin/Eave) and longitudinal 
uniformity (Eave/Emax) of the light in the test room were very good, 0,95 and 0,93 respectively. 

Figure 7. Luminance distribution in 4 000 K 
environment. 

Figure 8. Luminance distribution in 12 000 K 
environment. 

Figure 9. View in the lecture room used in the reference study. 
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6 METHODS 

6.1 Study 1 

6.1.1 Subjects 

The study was conducted in an actual learning situation during the course “Internet Traffic 
Measurements” in late spring 2007. The course had lectures on Wednesdays 9:15-10:45 and 12:15-
13:45 in the test environment and allowed its students to act as test subjects in the study. The test 
period was 6 weeks during which 10 lectures took place. The lecturer was the same in the first six 
lectures and changed in the last four. The lighting was provided either by 4 000 K or 17 000 K 
flourescent lamp. The correlating lighting environments in the lectures are presented in Table 3. The 
horizontal illuminance at table level was 800 lx as stated in chapter 5.3.1. 

Table 3. Lighting environments in the test runs provided by either 4 000 K or 17 000 K flourescent lamps. 

Week Morning lecture (K) Afternoon lecture (K) 
1 4 000 4 000 
2 12 000 12 000 
3 4 000 12 000 
4 - - 
5 4 000 12 000 
6 12 000 4 000 

 
A total of 16 university students took part in the study. They were all male, aged 24 years in 
average. Based on the pre-questionnaires, 6 subjects of the 16 were categorized as “morning type” 
and 2 subjects as ”evening type” by their chronotype. 8 were neither evening nor morning types and 
were thus labeled as “neither type”. 
 
The amount of participants decreased as the school course and study went on so that in the first test 
lecture there were 15 students and in the last one only 2. During the whole study the subjects 
returned altogether 73 answering sheets. 

6.1.2 Questionnaires 

The subjects were asked to fill questionnaires both before and after each lecture. The subjects were 
not informed that this is a study of lighting. They were told that the study is about environmental 
factors in learning situation and that the test data is used for research purposes in Electrical and 
Communications Engineering Department. All subjects were assigned a personal identifier. The 
questionnaires are presented in Appendix 2. 
 
Each subject filled once a pre-questionnaire which linked together the age, sex and the identifier 
that the subject used throughout the entire study. One essential part of the pre-questionnaire was 
Morningness-Eveningness –Questionnaire (Horne et Östberg, 1976), presented in Appendix 1. It 
was used to determine the chronotype of the person. Chronotype is an attribute of human beings 
reflecting whether they are alert and prefer to be active early or late in the day (Paine et al, 2006). 
 
Evaluation forms consisted of Karolinska sleepiness scale (Åkerstedt et Gillberg, 1990), questions 
about environmental factors like air draught, temperature and brightness and questions about how 
the lecture felt. Alertness was marked down before and after the lecture and the other questions are 
only answered at the end. In addition to that the subjects are asked to tell whether they have taken 
something stimulative, such as coffee within the passed two hours. The subjects were also asked to 
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give additional feedback. The feedback and results from the first study were used for improving the 
set-up and the design of the second field study. 

6.1.3 Objective measurements 

Indoor temperature and CO2-concentration were measured in the beginning and in the end of each 
lecture. 

6.2 Study 2 

6.2.1 Subjects 

As in the first field study, the subjects were students of a course taught in the test environment. The 
chosen course was “Signals and systems” which has lectures on Thursdays at 8:15-9:45 and on 
Tuesdays at 14:15-15:45 in autumn 2007. The test period was 7 weeks during which 10 lectures 
took place. The lecturer was the same in all lectures. The lighting environments in the lectures are 
presented in Table 4 horizontal illuminance being 1000 lx as stated in chapter 

Table 4. Lighting environments in the test runs provided by either 4 000 K or 17 000 K flourescent lamps. 

Week Morning lecture (K) Afternoon lecture (K) 
1 4 000 - 
2 4 000 12 000 
3 12 000 - 
4 12 000 4 000 
5 12 000 4 000 
6 - 4 000 
7 - 12 000 

 
In the second study there were 138 university students (17 female, 121 male). Their average age 
was 22 years. By chronotype 33 were “morning type”, 22 “evening type” and 83 were categorized 
as “neither type”. They returned altogether 309 answering sheets. 

6.2.2 Questionnaires 

The subjects were asked to fill questionnaires both before and after each lecture the same way as in 
the first field study. The pre-questionnaire remained unchanged but other questionnaires were 
modified and improved based on the feedback from study 1. The questionnaires are presented in 
Appendix 3. 
 
As in the first study, the evaluation forms consisted of Karolinska sleepiness scale and questions 
about environmental factors. However, this time the factors were surveyed more detailed than in the 
previous study. As a new thing, the subjects were asked to tell, where they had been before the 
lecture. This was to find out, to what kind of lighting they have been exposed previously.  
 
Besides asking about the use of stimulants, subjects were asked to tell, whether they had eaten 
within the passed two hours. In the questionnaire filled after the lecture there were also statements 
about how the lecture felt. Again the subjects were encouraged to give feedback about the test 
environment and the survey. 

6.2.3 Objective measurements 

Like in the first field study the temperature and CO2-concentration were measured in the beginning 
and in the end of each lecture. This time the temperature was metered both indoor and outdoor to 
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know more about the ambient environment. Also the illumination conditions that the subjects had 
been exposed to prior to the lecture were measured. 

6.3 Comparison of the set-up of the two field studi es 

The characteristics of the two field study set-ups are presented in the Table 5 in short. Table 6 
shortens the equalities and differences in the questionnaires of the two field studies.  

Table 5. Characteristics of the two field studies. 

Week 1. study 2. study 
Number of subjects 
 

16 130 

Time of experiment 
 

9:15-10:45 and 12:15-13:45 
Altogether 10 lectures 

8:15-9:45 and 14:15-15:45 
Altogether 10 lectures 

Colour temperature 
 

Either 12 000 K or 4 000 K  Either 12 000 K or 4 000 K 

Illuminance 
 

800 lx 1000 lx 

General uniformity 
Longitudinal uniformity 

0,67 and 0,65 
0,88 and 0,80 

0,83 and 0,84 
0,90 and 0,90 

Table 6. Comparison of the questionnaires. 

1. study 2. study 
Pre-questionnaire 

·  Age, sex, identifier 
·  Morningness-Eveningness 

questionnaire 

Pre-questionnaire 
·  Age, sex, identifier 
·  Morningness-Eveningness 

questionnaire 

Questionnaires 
·  Karolinska sleepiness scale (1-9  

Likert-scale: alertness) 
·  Microclimate (1-5 Likert-scale: draugt, 

stuffyness, noise, temperature, 
sufficiency of light)  

·  Statements about the lecture 
environment (1-5 Likert- scale: totally 
disagree – totally agree, e.g. “I was able 
to concentrate on the lecture”)  

·  Time prior to the lecture (use of 
stimulants) 

Questionnaires 
·  Karolinska sleepiness scale (1-9 Likert-

scale: alerntess) 
·  Microclimate (1-5 Likert-scale: 

draught, air quality, noise, temperature, 
sufficiency of light, change in 
temperature, colour of light, dust, 
smell, dryness, electricity) 

·  Statements about the lecture 
environment (1-5 Likert-scale: totally 
disagree – totally agree, e.g. “I was able 
to concentrate on the lecture”)  

·  Time prior to the lecture (from where 
the subject came to the lecture, use of 
stimulants and possible meals) 

Measurements 
·  Temperature in the beginning and the 

end of the lecture, only indoor 
·  CO2-concentration in the beginning and 

the end of the lecture, only indoor 

Measurements 
·  Temperature in the beginning and the 

end of the lecture, indoor and outdoor  
·  CO2-concentration in the beginning and 

the end of the lecture, only indoor 
·  Illumination conditions prior to the 

lecture 
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6.4 Reference study 

As in the actual field studies the subjects were students in a real course environment. The course 
was about indoor climate and it was held once a week on Tuesdays at 14:15-15:45 in early autumn 
2007. The number of the test lectures was 5, thus half of the amount of lectures in the actual field 
studies.  
 
A total of 41 students took part in the reference study. 35 of them were male and 6 female. Their 
average age was 23 years. 10 of the subjects were “morning type”, 4 “evening type” and 27 “neither 
type” of their chronotype. They returned altogether 109 answering sheets. 
 
Questionnaires were same as in study 2. Also objective measurements and the equipment used for 
measuring the environmental factors remained unchanged. 

6.5 Statistical analysis 

The statistical analysis of the results was done using the Statistic Package for the Social Science 
(SPSS). The research questions were of three kind: differential, associational and descriptive, in 
other words 
1. Are there differences in the results of two or more groups, 
2. how are two variables related and 
3. what are the key figures (mean, deviation etc) of the data? 

6.5.1 Comparing groups 

In the reference study Analysis of Variance (ANOVA) was used to examine whether each set of 
data was drawn from the same probability distribution, thus is each lecture represented the same 
constant test setting. ANOVA allows more than two groups of data to be tested at the same time 
which made it suitable for comparing alertness in all 5 reference lectures at once. 
 
Examining the differences in alertness was done with t-test, a special case of ANOVA that is used 
for comparing only two groups together. The change in alertness during the lecture was assessed by 
comparing the mean of the alertness in the beginning to the mean of the alertness in the end with 
paired two-sample t-test. This kind of t-test does not assume that the variances of both populations 
are equal but allows us to determine whether two samples’ means are distinct (Park 2007).  
 
The differences between two different lighting conditions were examined with a t-test that assumed 
the variances were unequal. The essential difference between this and the t-test for two samples is 
that here the groups are independent from another and not one group tested in the beginning and in 
the end of the experiment. The significance level was set to 0.05 in all comparisons. 

6.5.2 Finding relations 

The relation between alertness and other factors, such as pre-conditions, the lighting, use of 
stimulants and the chorotype was analyzed with partial correlation function. This was done to every 
lighting condition separately. 

6.5.3 Describing data 

The data was assumed normally distributed and characterized with central tendency and variability 
figures, such as mean and standard deviation. 
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7 RESULTS 

7.1 Results of the reference study 

The results of the reference study are presented here first, because they will be later used for 
evaluating the significance of the field studies. The reference study was not analyzed as much in 
details as the other two because its purpose was mainly to define boundaries for subjects’ normal 
behaviour in constant lecture environment.  

7.1.1 Change in alertness 

As presented in Table 7, the standard deviation of the change in alertness was almost same in all 5 
test runs (1.38-1.49). The statistical analysis of the sets of data showed that each lecture represented 
the same test setting. This allowed us to group all test runs together and compute the average for the 
change in alertness. The average change in alertness was -0.8 (±1.42) in which the minus sign refers 
to the decrease in alertness. The same is presented in Figure 10. 

Table 7. Change in alertness in the reference study. Number of subjects in parentheses. 

1 (24) 2 (23) 3 (22) 4 (19) 5 (21)  
Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev 

Change -1.08 1.38 -1.04 1.49 -0.73 1.42 -0.47 1.39 -0.57 1.43 
 
Change of alertness on average: -0.78 1.42 
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7.1.2 Pre-conditions 

The environmental conditions before each test lecture are presented in Figure 11. It shows that 
when the second lecture was held, the weather was very sunny and the illuminance outside close to 
80 000 lx. In other test days it was cloudy and the illuminance outside remained in 10 000 lx or less. 
Outdoor temperature was approximately 15 degrees during the first three test lectures and decreased 
as the autumn progressed. According to the correlation analysis the prior conditions had no effect 
on the alertness.  
 
 
 
 

Figure 10. Change in the alertness in the reference study. REF = reference light. 
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7.1.3 Environmental factor measurements  

The behaviour of indoor temperature and CO2-concentration is presented in Figure 12. As can be 
seen from the figure, they did not change notably over the test period or during the lectures. The test 
conditions in the lecture hall can thus be considered constant. Statistical examination found no 
correlation between the environmental factors and the change in alertness. 
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7.2 Results of the study 1 

7.2.1 Change in alertness 

The descriptive data of alertness in field study number 1 are presented in Table 8. The alertness in 
the beginning and in the end of the lecture were analyzed with paired t-test and it showed no 
significant change in alertness during the lecture in any of the four lighting conditions. As can be 
seen in Figures 13 and 14, the decrease in alertness in each condition was smaller (0.2-0.4) than the 
expected change (0.8) based on the reference study presented in Table 7.  

Figure 11.  Outdoor conditions prior to the lecture. 

Figure 12.  Variation of environmental factors during each lecture. 
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Table 8. Alertness in the first field study. Number of subjects in parentheses. 

4 000 K 
Morning (28) 

4 000 K 
Afternoon (15) 

12 000 K 
Morning (10) 

12 000 K 
Afternoon (20) 

 

Mean Stdev Mean Stdev Mean Stdev Mean Stdev 
Beginning 4.82 2.75 4.87 2.27 5.60 1.38 4.90 1.78 
End  5.07 1.92 5.07 2.07 5.80 2.62 5.30 2.54 
Change  -0.25 2.12 -0.20 3.46 -0.20 2.40 -0.40 3.73 
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7.2.2 Pre-conditions 

The environmental conditions prior to the lecture (lighting, outdoor temperature) were not measured 
in the first field study.  

7.2.3 Environmental factor measurements  

The variation of temperature and CO2-concentation during the lecture is presented in Figure 15. 
CO2-concentration was very low, approximately 400 ppm. The temperature followed the heating 
period in Finland and decreased from 24 °C to 20 °C as the spring progressed. However, there was 
no correlation between the changes in temperature or CO2-concentration and the alertness during 
the lecture.  
 

 

Figure 13. Change in alertness in the morning 
lecture. 

Figure 14. Change in alertness in the afternoon 
lecture. 

Figure 15. Variation of environmental factors during each lecture. 
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7.2.4 Environmental factor assessment  

In subjective evaluation of the environmental factors there were no noteworthy differences between 
different lighting conditions. As presented in Table 9, the draughtiness, stuffiness, temperature, 
brightness and noisiness were scored between 1 and 2 on scale from 1 to 5 , 1 referring to “not 
draughty at all” and  5 to “very draughty”. Hence the subjects did not find the environmental factors 
in question disturbing. According to the statistical analysis the factors did not affect the subjects’ 
alertness either.  

Table 9. Subjective evaluation of the environmental factors in the first study. Number of subjects in 
parentheses.  

4 000 K 
Morning (28) 

4 000 K 
Afternoon (15) 

12 000 K 
Morning (10) 

12 000 K 
Afternoon (20) 

 

Mean Stdev Mean Stdev Mean Stdev Mean Stdev 
Draughiness 1.43 0.79 1.93 1.03 2.00 1.16 1.40 0.60 
Stuffiness 1.57 0.74 1.67 0.82 1.50 0.85 1.60 0.82 
Temperature 1.29 0.54 1.33 0.49 1.20 0.42 1.35 0.81 
Brightness 1.25 0.52 1.27 0.46 1.40 0.70 1.35 0.74 
Noisiness 1.14 0.36 1.27 0.60 1.10 0.32 1.10 0.31 

 

7.2.5 Other factors 

Analyses of the data in SPSS showed no correlation between subject’s change in alertness and the 
his interest in the lecture. The level of the subject’s concentration did not affect the alertness either. 
The results suggested that drinking coffee or other stimulants before the lecture might help the 
student to remain a certain level of alertness. However was not supported by the statistical analysis.  

7.2.6 Correlated colour temperature 

One of the keys points of the study was to determine whether the experiment time and the 
correlated colour temperature of the light source would have some effect on alertness. In this set of 
data no correlation was, however, found. Based on the results it could not be stated that one of the 
light sources would be more suitable to be used in a lecture at a certain time of the day. 

7.2.7 Chronotype and individuality 

One interesting approach was to consider alertness on individual level. SPSS analyzing tool was 
used to determine whether it is possible to predict the alertness and chronotype based on subject’s 
age. Age and type had a positive correlation (� =0.315, p=0.007), which implies that the older the 
person is, the more probable is it that the person is morning type.  
 
The chronotype had, however, no direct correlation with the alertness level, which means that the 
age could not be used to predict alertness. On the other hand, as stated before, both lectures were 
held around noon and not at times which require high performance early in the morning or late at 
night. This leaves the question open whether the chronotype would be a better estimate for alertness 
at more extreme times of the day.  
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7.3 Results of study 2 

7.3.1 Change in alertness 

In the second field study the alertness changed significantly during the lecture in each of the four 
lighting conditions. As can be seen in Figures 16 and 17, in each condition the alertness decreased 
more than what was expected based on the reference study (0.8). As presented in Table 10, in the 
morning lecture the alertness decreased on average 1.3 points (t=7.92, df=138, P<0.001) with Tcp = 
4 000 K, and 1.8 points (t=-6.17, df=49, P<0.001) with Tcp = 17 000 K. In the afternoon the 
decrease was 1.4 points (t=-4.36, df=34, P<0.001) and 1.3 points (t=-2.70, df=87, P<0.001) 
respectively. 

Table 10. Alertness in the first field study. Number of subjects in parentheses. 

4 000 K 
Morning (139) 

4 000 K 
Afternoon (50) 

12 000 K 
Morning (34) 

12 000 K 
Afternoon (86) 

 

Mean Stdev Mean Stdev Mean Stdev Mean Stdev 
Beginning 4.61 1.79 4.26 1.73 5.03 3.77 3.77 2.74 
End  5.94 1.75 6.02 1.74 6.47 1.60 5.08 3.74 
Change  -1.32 1.97 -1.76 2.02 -1.44 1.93 -1.31 4.17 
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7.3.2 Pre-conditions 

The outdoor conditions before the lecture are presented in Figure 17. As can be seen, in the morning 
lectures illuminance outside was very low, approximately 100 lx, whereas outside illuminance in 
the evening lectures was over 1000 lx. The temperature outside was under 10 °C within the whole 
test period. It is clear that at this time of year the timing of the lectures really made a difference in 
the environmental conditions such as the illuminance and outdoor temperature. Statistical analysis 
showed that the factors in question had, however, no effect on the alertness level in the beginning of 
the lecture. It did not matter whether the subject had spent the time prior to the lecture inside or 
outside the building.   
 

Figure 16. Change in alertness in the morning 
lecture. 

Figure 17. Change in alertness in the afternoon 
lecture. 
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7.3.3 Environmental factor measurements  

The behavior of the temperature and CO2-concentration during the lecture is presented in Figure 18. 
On average the indoor temperature was between 20 °C and 22 °C within the whole test period. It 
showed no significant variation during the lectures.  
 
The CO2-concentration in the end of the lecture correlated positively with the amount of subjects in 
the room (� =0.887, p=0.001), which can be seen as strong variation in CO2-concentration in Figure 
19 with lectures 1 (106 subjects), 2 (33 subjects) and 9 (74 subjects). However the level of carbon 
dioxide never rose above 800 ppm, which is often considered as a level, where the air starts to feel 
stuffy. National Institute for Occupational Safety and Health considers that only indoor air 
concentrations of carbon dioxide that exceed 1 000 ppm suggest that the ventilation is inadequate 
(NIOSH, 1976). The statistical analysis confirmed that the environmental factors in question had no 
effect on subjects’ alertness in any of the four lighting conditions.  
 

 

7.3.4 Environmental factor assessment  

The results of the subjective assessment of environmental factors (excluding factors related to 
lighting) in the beginning and in the end of the lecture in all four lighting conditions are presented in 
Table 11. The table shows that air quality, dustiness, smelliness, air dryness, electricity, 
draughtiness, temperature and noisiness did not change significantly during the lecture. On scale 
from 1 to 5, all factors were evaluated close to 3 on average, which refers to neutral feeling. Hence 
the subjects did not find any of those factors in question disturbing.  

Figure 18.  Outdoor conditions prior to the lecture. 4M = 4 000 K Morning lecture;  4E = 4 000 K 
Evening lecture; 12M = 12 000 K Morning lecture; 12E = 12 000 K Evening lecture. 

Figure 19. Variation of environmental factors during each lecture. 4M = 4 000 K Morning lecture;  4E = 
4 000 K Evening lecture; 12M = 12 000 K Morning lecture; 12E = 12 000 K Evening lecture. 
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Table 11. Subjective evaluation of the environmental factors in the second study. Number of subjects in 
parentheses.  

4 000 K 
Morning (139) 

4 000 K 
Afternoon (50) 

12 000 K 
Morning (34) 

12 000 K 
Afternoon (86) 

 

Beg End Beg End Beg End Beg End 
Air quality 3.24 3.46 3.26 3.26 3.30 3.16 3.42 3.28 
Dustiness 3.44 3.28 3.71 3.68 3.52 3.37 3.82 3.63 
Smelliness 3.26 3.40 3.47 3.44 3.36 3.29 3.54 3.44 
Dryness 2.76 2.74 2.76 2.71 2.87 2.78 2.94 2.86 
Electricity 3.98 3.94 3.68 3.62 3.76 3.67 3.94 3.85 
Draughtiness 3.40 3.10 3.50 2.32 3.53 3.51 3.62 3.42 
Temperature 3.18 3.42 3.32 3.58 3.00 3.12 3.08 3.22 
Noisiness 3.16 3.12 3.29 3.21 2.91 2.97 2.94 3.00 

 
The amount of light and colour of light are reported here separately. The results of the subjective 
assessment of the amount of light are presented in Table 12. According to the subjects, the 
perceived amount of light did not change during the lecture in any of the four lighting conditions. It 
is worth of noticing that when 4 000 K light source was used, the amount of light was evaluated a 
bit lower than when 17 000 K light source was used. This implies bigger sensitivity to the short 
wavelengths, although it did not get support from the statistical analysis. With 4 000 K light source 
the score given to the amount of light was close to 3.1.  With 17 000 K the illumination level was 
evaluated 3.4 at the highest. On scale 1 to 5, this refers to a little bit brighter than a pleasant level.  

Table 12. The subjective assessment of the amount of light. 

4 000 K 
Morning (139) 

4 000 K 
Afternoon (50) 

12 000 K 
Morning (34) 

12 000 K 
Afternoon (86) 

 

Beg End Beg End Beg End Beg End 
Amount 3.11 3.14 3.08 3.12 3.21 3.24 3.42 3.30 

 
The results from the subjective assessment of the colour of light are presented in Table 13. When 1 
refers to “light is too yellow” and 5 to “light is too blue”, it can bee seen that as expected, the 17 
000 K light source was assessed more blue than the 4 000 K light source. The score given to the 17 
000 K light was 4 on average whereas the score given to the 4 000 K light was 3. Another 
interesting thing is that the colour of 17 000 K light source was assessed significantly more blue in 
the beginning than in the end of the lecture in both the morning (t=2.39, df=33, P<0.001) and the 
afternoon (t=5.18, df=85, P<0.001) tests. This implies that the subjects needed time to adapt to the 
bluish light and that in the end they were fully-adapted and did not find the colour as blue anymore. 
The changes in perceived colour temperature did not, however, correlate with changes in alertness.  

Table 13. The subjective assessment of the colour of light. 

4 000 K 
Morning (139) 

4 000 K 
Afternoon (50) 

12 000 K 
Morning (34) 

12 000 K 
Afternoon (86) 

 

Beg End Beg End Beg End Beg End 
Colour 2.93 2.88 3.00 3.02 4.00 3.85 4.24 3.92 

7.3.5 Other factors 

In the investigations whether the subject’s interest in the lecture affects the alertness there was 
found no connection. However subject’s ability to concentrate correlated significantly with the 
alertness in the morning lecture with 4 000 K (� =0.213, p=9.913) and afternoon lecture with 17 000 
K (� =0.239, p=0.029). Hence the better the subject was able to concentrate the less the level of 
alertness decreased. This suggests that light might have an affect on concentration and through that 
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to alertness. However the light was not shown to have connection with the concentration with any 
of the four combinations of light source and time of lecture.  
 
In this study there was found no correlation between the behaviour of alertness and possible usage 
of stimulants, such as coffee. However, there was a significant difference whether the subject had or 
had not eaten lunch before the afternoon lecture. It was possible to see the effect of so-called post 
lunch dip in alertness when 4 000 K light source was used (� =0.321, p=0.028). However, with 17 
000 K light there was no decrease in alertness after lunch suggesting that using 17 000 K as the 
colour of the light source might help the students to remain their alertness in the afternoon lecture 
after they have had lunch.  

7.3.6 Correlated colour temperature 

The second field study gave interesting results about what kind of impact the experiment time and 
the correlated colour temperature of the light source have on alertness. Considering the alertness in 
the beginning of the lecture, the study showed that it does not depend on the Tcp of the light source. 
Instead it did have an effect on the alertness level the subject had in the end of the lecture (� =-
0.130, p=0.023). With the light source of high Tcp the alertness was higher than with the light source 
of low Tcp. The time of the day was significant to alertness both in the beginning and in the end of 
the lecture (beginning: � =-0.226, p=0.000; end: � =-0.180, p=0.002). With postponing the starting 
time of the lecture one could thus improve the alertness. 
 
The results do not allow one to claim that one of the light sources would be more suitable than the 
other to be used in a lecture at a certain time of the day. However, it looks like it is more profitable 
to use 4 000 K light in the morning lecture and 17 000 K in the afternoon lecture. 

7.3.7 Chronotype and individuality 

The results of the second study were in congruence with the results of the first field study 
suggesting that age could be used as a prediction of the person’s chronotype. The age does not 
directly tell about the subject’s alertness, but according to the study, the subjects with more age are 
more likely to be morning type people (� =0.152, p=0.07). The morning type people were more alert 
both in the beginning (� =0.000, p=-0.330) and in the end (� =0.000, p=-0.347) of the morning 
lecture than the evening type people. This kind of correlation was not detected in the afternoon 
lecture.  

7.4 Effect of the time of year on alertness  

The average change in alertness in spring and in autumn is presented in Table 14. When the two 
mean figures are compared with each other it can be seen that the alertness decreased substantially 
more in autumn than in the spring field study (t=5.03, df=126, P<0.001). The reason behind that 
might lie in the climate and amount of light outside during different seasons. Although the lighting 
conditions prior to the lecture did not show correlation with lecture time alertness in these two field 
studies, light history could have affected alertness indirectly through mood and sleeping rhythm that 
are believed to be controlled by the light. 

Table 14. Comparison of the change in alertness in spring and in autumn. 

Spring Autumn  
Mean Stdev Mean Stdev 

Change -0.27 1.66 -1.40 1.99 
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7.5 Feedback on the field studies 

According to various subjects the 17 000 K light source generated a clinical atmosphere and made 
the lecture hall to feel like a hospital. The 12 000 K lighting condition (created with 17 000 K light 
source) was found strange and some people thought that the light was too bright. However the 
majority of the subjects would have wanted to increase the illumination level and the contrast 
between the screen and its surroundings. For that reason in the second study the illuminance was 
increased from 800 lx to 1000 lx but at the same time the spotlights in the front part of the lecture 
hall were switched off.  
 
The lighting got feedback also in the second field study. One person found the fluorescent light 
unpleasant and considered the illumination level too high. According to him the light made it 
difficult to see the teaching material on the screen. This remark was given, when the Tcp of the light 
source was 4 000 K.  
 
Half of the people giving feedback thought that the 12 000 K lighting was good and it helped to stay 
awake. The other half found the light disturbing and said that it glares and gives headache. The 
12 000 K light condition was also compared to solarium and greenhouse. One person stated that the 
lighting was too bright in the beginning but that after getting used to the light it felt good and helped 
him to stay alert. One third of the feedback was complaints about the length of the lecture. It 
became obvious that no matter what the light was, it was hard to try remain the concentration 
throughout the whole 1,5 hours without a break. 
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8 DISCUSSION 

Before getting into the results it is good to remind that the subjects were chosen randomly. The idea 
was not to look for super-students that take part in all lectures and only aim to design a lighting 
condition for them. Despite the randomness, the group of subjects in all three studies proved to 
represent well a normal sample of population by their chronotypes (Peine et al 2006). It means that 
around 50% of them belonged to either morning or evening type and half of the population fell into 
the “neither” category. The reactions discussed below can therefore be generalized to cover any 
person at university age.  
 
The results of the reference study show that in a constant lecture setting there is a natural variation 
in alertness that does not depend on any of the environmental factors examined. Moreover it tells 
that it is natural for the students to become sleepier as the lecture goes on.  
 
In the first field study the alertness did not change significantly during the lecture although 
referential studies predicted that the alertness would decrease. This leaves us with an important 
question: was there something in the lecture that kept the student from becoming sleepier? The 
subject’s interest in the lecture did not show to have effect on alertness. Neither did the subject’s 
ability to concentrate. 
 
The time of the day showed no correlation with the alertness, because, as noted before, there was no 
real difference in the timing of those two lectures in the first field study. For that reason in the 
second study the idea was to have more time between the morning and afternoon lecture to see if 
the time of the day really makes a difference in alertness. It turned out to be a good idea. There was 
a positive correlation between the time of the lecture, alertness and people’s chronotype. Morning 
type people were more alert in the morning than the evening type people. The same kind of 
correlation was, however, not found with evening type people in the afternoon lecture. The most 
likely reason for that is that the lectures were not held late enough, but in the afternoon, were both 
chronotypes are expected to be alert. The study, however, showed true the intuition, that the lectures 
held at morning hours are suitable for morning type people.  
 
Another observation concerning the subject’s chronotype is that the chronotype appeared to move 
from evening type towards the morning type by age. The older the subject was the more likely he 
was to be morning type according to both field studies. The result is consistent with the known fact 
that the biological sleep/wake -rhythm becomes more advanced by age. The change in the 
melatonin suppression rhythm makes older people to go to sleep early following that they also wake 
up earlier and are more alert at morning hours. It is important, however, to note that person’s age 
can not be used as prediction to his alertness. Just like in the study of Lehr at al (2007), there was 
found no direct association between age and the behaviour of alertness in lecture environment.   
 
The second field study behaved the way it was expected based on the reference study. The alertness 
decreased in all four lighting conditions and the change was in all cases almost of same magnitude, 
approximately 1.5 points on the scale from 1 to 9. Also compared to Lehr’s study (2007) in the 
lecture environment, the change was significant. His group reported a change of 0.5 points on 
alertness scale from 1 to 7. 
  
According to the results the colour of the experiment light did not have an effect on how alert the 
subjects felt in the beginning of the lecture. However, Tcp of light did prove to be associated with 
the alertness of the subject in the end. The higher the Tcp was during the lecture the better the 
alertness was in the end. These results can be explained with the exposure time: non-visual system 
needs more time to react to light than the visual one. This is why alerting effects can only be 
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expected to occur after a certain amount of time. Lehr and his research group (2007) did report an 
alerting effect caused by the blue light after the exposure of only 20 seconds, but again, it is 
important to be critical and remember that the non-visual system does not work on on/off-basis, but 
collects lighting information through a longer period of time. 
 
What it comes to the timing of the lecture, postponing the starting time proved to improve the 
alertness throughout the whole lecture. This type of result implies that timing would to be essential 
on productivity from the alertness point of view. However, there was not found a significant 
difference in the change in alertness between morning and evening. It can be due to the fact that the 
composition of the group of subjects changed from lecture to lecture. Or again, maybe the lectures 
were just held too close to each other in time. 
 
It proved to be a wise idea to control also factors not to do with the environment but with the 
subjects themselves. The studies found indication of some kind of a post-lunch dip, thus increased 
tiredness after eating. That occurred only in 4 000 K light environment but not when 17 000 K light 
source was used. This kind of result implies that using 17 000 K as the Tcp of the light source might 
help the students to retain their alertness in the afternoon lecture after they have had lunch. 
Moreover it shows that light is definitely not the only cue to affect the circadian system, but various 
factors have to be taken under concideration when evaluating non-visual effects.   
 
It has been proven that e.g. caffeine (the active sustance of. coffee, tea, energy drinks and many soft 
drinks) reduces physical fatigue and restores mental alertness (Neilig et al, 1992). For that reason it 
was expected, that the use of stimulants would somehow also affect the circadian system and help 
to increase or retain a certain level of alertness. No correlation between those two was, however, 
found. Maybe the difference in the subjects’ metabolism caused variance in the result. Or maybe the 
subjects had just become immune to the effect after using stimulants very frequently. All in all, 
these studies found no association between the alertness and the use of stimulative subtances.  
 
Another thing that was expected but not shown here was the effect of so-called light history. It is 
well known that the body sums up the information it receives from different lighting conditions, but 
here it was found no evidence that the alertness in the beginning or the change in alertness would 
have depended on the prior-to-lecture exposure. The natural daylight showed no direct simulative 
effect on alertness which implies that it would not matter whether the subject would stay before the 
lecture inside the building in artificial light or outside in daylight. This is in contradiction to the 
study that found evidence of a correlation between daylight and the increase in productivity among 
office workers (Figueiro et al, 2002) and another study that suggested daylight would enhance the 
learning performance of children in schools (Heschong et al, 2002). Clearly the question of the light 
history needs more attention in the further study set-ups. 
 
The field studies did not show a clear difference in the results of the 4 000 K and 12 000 K lighting 
conditions provided by 4 000 K and 17 000 K flourescent light sources. It means that one can not 
expect to gain better level of alertness by using one of the sources. Furthermore, because the 
biological system of human did not appear to be significantly more sensitive to either of the light 
sources, no energy can expected to be saved by choosing a certain light source. According to the 
second field study it might be profitable to use 4 000 K light in the morning lecture and 17 000 K in 
the afternoon lecture. However, the statement does not have scientific value. Therefore, the result of 
the study does not support the hypothesis of improving alertness during the lecture by using high 
Tcp light.  
 
However, as far as it is know, this is the widest and most consistent study done in the school 
environment with subjects attending lectures in a normal way. It is very challenging to try to prove 
the existence of a non-visual reaction because all people are individuals with individual daily 
timetables and life rhythms and react to the stimuli, such as light, differently. Also detecting the 
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possible affects is hard, because there are not many objective techniques to measure human 
alertness. Field studies give more truthful picture of how human fysiology really works, however, it 
might not be possible to determine the actual stimulus (e.g. vertical illumination at the eye level and 
light reaching the eye) other than in highly controlled laboratory conditions. Finally, there is also a 
phychological factor. It is believed that light may influence the performance by affecting the mood 
and motivation. That opens another door and moves the approach to productivity from “what kind 
light improves alertness” into “what kind of light is pleasant for the person”. 
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9 FURTHER NEEDS FOR RESEARCH 

It is clear that the role of the correlated colour temperature in the behaviour of alertness needs 
further research. It is commonly believed that short wavelengths give the strongest stimulus to the 
human biological system. However, as can be seen in this study, the results gained in a laboratory 
experiment do not always apply in real conditions. What the research needs the most is the 
persistence in the study. At the moment one test setting is often tested only once after which the 
group moves on to another study. That kind of way of working helps to gain a little information 
about many things but does not lead to deeper understanding of the phenomenon.  
 
Another thing that the current research lacks is the use of common methods. It seems that every 
research group is starting from more or less an empty table instead of exchanging ideas and truly 
learning from the previous research. It is not possible to compare results from a study that has 
measured the effects of a short time exposure to results from a study that exposes the subjects to the 
light for several hours. The same problem applies to different scales, objective and subjective 
measures, timing of the experiment etc. Sharing the means and methods would enable the 
comparison of results within groups and again take us closer to understanding the big picture.    
 
In further study controlling the environment can be believed to become even more and more 
important. At the moment there is a lot of research going on all over the world about the light and 
how it could be used to improve human alertness. However, the results are often inconsistent with 
previous results or they might be even hard to interpret. It is undeniable that light is not the only 
stimulus on the biological system of human but instead there are a lot of other factors, such as the 
sound, the weather and time of year that bring messages to the body. One option is to ask the 
subject to retain a certain routine before the experiment. Another way is to investigate what the 
subject has done within a certain amount of time. However, once the controlling of the environment 
is done, the effects of other factors should be eliminated before we can draw conclusions about the 
light. 
 
The study reported here is a good sample of a study that aims to improve itself in real time. Here the 
same test setting was used in two sequential studies with minor changes and improvements. This is 
also a study that took under consideration the existence of other stimuli, such as the light history 
and the environmental factors during the experiment. The biggest weakness of this study is 
probably the evaluation methods used. A study that uses subjective assessment as the only measure 
does not give a very accurate and tenable picture of the phenomenon. In further research the field 
studies should include also laboratory kind objective measures and measurements of biological 
markers, such as dopamine and melatonin levels.  
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APPENDICES 

Appendix 1: Pre-questionnaire (MEQ) 

PRE-QUESTIONNAIRE (To be filled only once during the whole test experiment) 

First, select an identifier. It can be e.g. your initials.  Please, always use the same identifier. 
 
Identifier: _________  Age: _________  Gender: _________ 
 
Circle the alternative that you find the most suitable to describe you. 
 

How easy it is for you to wake up in the morning (when 
you don’t have to wake up unexpected)? 

1 very hard 

2 moderately hard 

3 moderately easy 

4 very easy 

How do you feel yourself half an hour after the wake-
up? 

1 very tired 

2 moderately tired 

3 moderately alert 

4 very alert 

A friend has asked you to join him twice a week for a 
work-out in the gym at 7-8 in the morning. Bearing 
nothing else in mind other than how you normally feel 
in the morning, how do you think you would perform? 

1 very well 

2 reasonably well 

3 poorly 

4 very poorly 

You have to do 2 hours physically hard work. If you 
were entirely free to plan your day, in which of the 
following periods would you choose to do the work? 

1 at 8-10 

2 at 11-13 

3 at 15-17 

4 at 19-21 

If you could freely choose your own working time, the 
working day would last for 5 hours including breaks and 
the work itself would be interesting, what time would 
you want to start your day? 

1 five hours starting 4-8 

2 five hours starting 8-9 

3 five hours starting 9-14 

4 five hours starting 14-17 

5 five hours starting 17-4 

One hears about 'morning' and 'evening' types of people. 
Which of these types do you consider yourself to be? 

1 definitely morning type 

2 more a morning than an evening type 

3 more an evening than a morning type 

4 definitely an evening type 
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Appendix 2: Questionnaires in the 1 st field study 

QUESTIONNAIRE IN THE BEGINNING OF THE LECTURE 
 
Identifier: _______  
Morning lecture ( )  Afternoon lecture ( )  

First, write down the time. After that, choose the alternative that describes the best your state 
of alertness at the moment.  

Time: ________ 

1 – Very alert 
2 
3 – Alert 
4 
5 – Neither sleepy nor alert 
6 
7 – Sleepy but no effort to remain awake 
8  
9 – Very sleepy, fighting sleep, difficulty staying awake 
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QUESTIONNAIRE IN END OF THE LECTURE 
 
Identifier: _______  
Morning lecture ( )  Afternoon lecture ( )  

First, write down the time. After that, choose the alternative that describes the best your state 
of alertness at the moment.  

Time: ________ 

1 – Very alert 
2 
3 – Alert 
4 
5 – Neither sleepy nor alert 
6 
7 – Sleepy but no effort to remain awake 
8  
9 – Very sleepy, fighting sleep, difficulty staying awake 

 
Circle the most suitable answer to the following statements. 
 

    Completely                  Completely 
            disagree                                  agree 
 
I was able to concentrate on the lecture  1 2 3 4 5 

I paid attention to the lecture actively   1 2 3 4 5 

The lecture made me more sleepy   1 2 3 4 5 

I found the lecture interesting    1 2 3 4 5 

The lecture felt too long    1 2 3 4 5 

There was too much air draught in the lecture room 1 2 3 4 5 

It was too stuffy in the lecture room   1 2 3 4 5 

It was too warm in the lecture room   1 2 3 4 5 

It was too dark in the lecture room   1 2 3 4 5 

The lecture room was noisy    1 2 3 4 5 

I have taken stimulants (coffee, tea, coke etc) within the past 2 hours                     No      Yes 
 
You can write additional feedback on the other side of the answering sheet! 
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Appendix 3: Questionnaires in the 2 nd field study 

QUESTIONNAIRE IN THE BEGINNING OF THE LECTURE 
 
Identifier: _______ (Please, always use the same identifier)  

First, write down the time. After that, choose the alternative that describes the best your state 
of alertness at the moment.  

Time: ________ 

1 – Very alert 
2 
3 – Alert 
4 
5 – Neither sleepy nor alert 
6 
7 – Sleepy but no effort to remain awake 
8  
9 – Very sleepy, fighting sleep, difficulty staying awake 

 
 
I came to lecture from  
( )  outside 
( )  the same building 
 
 
Circle the alternative that you find the most suitable to describe the indoor environment. 

Air quality   Too stuffed  1 2 3 4 5 Very fresh__ 

Dust    Too dusty  1 2 3 4 5  Very clean__ 

Smell    Annoying  1 2 3 4 5 Pleasant____ 

Air dryness   Too dry  1 2 3 4 5 Too wet____ 

Electricity   Too electric  1 2 3 4 5 Suitable____ 

Draught   Too draughty  1 2 3 4 5 Not draughty 

Temperature   Too hot  1 2 3 4 5 Too cold____ 

Amount of lighting  Too dark  1 2 3 4 5 Too bright__ 

Colour of lighting  Too yellow  1 2 3 4 5 Too blue____ 

Noise    Too noisy  1 2 3 4 5 Too quiet___ 

I have drunken coffee/tea/other stimulative subtances within the past 2 hours No     Yes 

I have eaten within the past two hours               No     Yes 
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QUESTIONNAIRE IN THE END OF THE LECTURE 
 
Identifier: _______ (Please, always use the same identifier)  

First, write down the time. After that, choose the alternative that describes the best your state 
of alertness at the moment.  

Time: ________ 

1 – Very alert 
2 
3 – Alert 
4 
5 – Neither sleepy nor alert 
6 
7 – Sleepy but no effort to remain awake 
8  
9 – Very sleepy, fighting sleep, difficulty staying awake 

 
Circle the best alternative. 

                         Completely                 Completely 
                             disagree                                 agree 

 
I was able to concentrate on the lecture  1 2 3 4 5 

I paid attention to the lecture actively   1 2 3 4 5 

The lecture made me more sleepy   1 2 3 4 5 

I found the lecture interesting    1 2 3 4 5 

The lecture felt too long    1 2 3 4 5 

 
Circle the alternative that you find the most suitable to describe the indoor environment. 

Air quality   Too stuffed  1 2 3 4 5 Very fresh__ 

Dust    Too dusty  1 2 3 4 5  Very clean__ 

Smell    Annoying  1 2 3 4 5 Pleasant____ 

Air dryness   Too dry  1 2 3 4 5 Too wet____ 

Electricity   Too electric  1 2 3 4 5 Suitable____ 

Draught   Too draughty  1 2 3 4 5 Not draughty 

Temperature   Too hot  1 2 3 4 5 Too cold____ 

Amount of lighting  Too dark  1 2 3 4 5 Too bright__ 

Colour of lighting  Too yellow  1 2 3 4 5 Too blue____ 

Noise    Too noisy  1 2 3 4 5 Too quiet___ 

 
You can write additional feedback on the backside of the answering sheet. 
Thank you for participating.


