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Personal differences and a healthy lighting environment 
 

M.B.C. Ariës*, S.H.A. Begemann*, L. Zonneveldt** A.D. Tenner#, 
*Technical University Eindhoven; **TNO Building and Construction Research; #Philips Lighting BV 

 
Introduction 
 Since the introduction of electric lighting the time people spend inside buildings during 
daytime is increased enormously. This resulted in a shift from a dynamic illuminated exterior to a 
static interior environment. During daytime it is essential to receive sufficient light at the eye to stay 
healthy, alert and productive. The assumption is that the retinal illuminance should be at least 1000 
lux. The human lighting demands should be seen in a wider perspective than commonly used until 
now. Particularly in places where humans stay for a longer period, for example the working place, 
good and well-balanced lighting is necessary. With low static, vertical illuminances the chance is 
increasing that humans will doze off: tiredness increases and alertness decreases.  
 
All humans are unique so there are many individual differences. Differences between people (e.g. 
gender, age, season-sensitive, chronotype) are called inter-individual differences. Intra-individual 
differences occur within the same person over time (e.g. emotional state, bio-rhythm, menstrual cycle 
changes in females). Although light is an important regulator of the physiology of all humans, equal 
light conditions can affect humans in different ways. 
 
Methodology 
 On the basis of an evaluation of ten office buildings in Eindhoven and Delft the actual lighting 
practice is shown. All evaluated offices had vertical daylight openings and horizontal working planes. 
We started field-tests comprising physical measurements and questionnaires to employees. To 
measure the retinal, vertical and horizontal illuminance a mobile, experimental set-up was used. This 
experimental set-up simulates a person sitting at a desk. Detectors were mounted at eye-height 
(1.25m). In the room horizontal and vertical illuminances were measured with standard, cosine 
corrected Hagner SD 2 detectors placed on two stands. There were several desk positions measured, 
all with two body positions, one upright, looking straight ahead and the other, 25° inclined forward as 
for reading and writing. Next to the measurements, 350 questionnaires are distributed to obtain an 
impression of the judgment by the users of the office environment. The questions were about visual 
and non-visual items and over 300 questionnaires have been returned completely filled in. The 
questionnaire was divided in four categories: questions about the office room, about how people 
experience their office room, about health, mood, alertness, sleep, etc. and general questions about e.g. 
age, gender and glasses. In the paper the results are restricted to questions about personal feelings, 
habits and conditions. 
 
Two light-relevant inter-individual differences (season sensitivity and outdoor behavior), combined 
with gender and age, are studied on the basis of the distributed questionnaire. Two parts in the 
questionnaire, related to the Seasonal Pattern Assessment Questionnaire (SPAQ), were used to 
examine seasonal influences experienced by office workers. According to their answers the 
respondents were grouped into three categories: no, moderate or clear differences in mood or health 
effects between the dark (winter) and light season (rest of the year). In the questionnaire employees 
were also asked about the time they spent outside, in the dark and light season. The length of time 
spent outdoors in broad daylight significantly affects e.g. the timing and quality of sleep. The answers 
to the questions about seasonal sensitivity and outdoor behavior are compared to the answers about 
alertness reduction; sleep quality and (psychological) health problems. There was also a question 
about which actions were undertaken by the office workers to enhance alertness. The score of seven 
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statements related to sleep conditions and patterns defines sleep quality. Another question asked for 
classification of ten different concepts of health. The five health items concentration, fast tired, 
dazedness, irritability and headache were taken into account to determine the health rank in this study. 
 
Results 

The physical measurements show strongly different situations of interior light levels 
(measured in the period April-May). In the window zone (< 4m of the window) a retinal illuminance 
level above 1000lux, on both eyes, is reached in only 5% of the working places measured. On average, 
the measurements in the window zone show retinal illuminances between 250 and 950lux. In the back 
of the room, with more than 4 meters distance of the window, the retinal illuminance occasionally 
dropped to 90lux. 
 
Although they work under these lighting conditions 97 out of 315 employees respond to experience no 
differences in mood or health effects between the light and dark season. 141 persons respond to be 
moderately influenced by the different seasons and 78 persons are aware of clear influences.  
The larger the seasonal influence experienced, the more people report feeling a moment of reduced 
alertness during the day. Figure 1a shows an increase for such a ‘moment’ for increasing seasonal 
influences while the percentage of ‘no moment’ decreases. 78% of the respondents experiencing a 
“dip” in alertness report this moment to occur in the afternoon. When employees feel less alert or tired, 
many persons change their activities or take a drink or food. Likewise, walks or talks with a colleague 
are popular ways of reducing alertness drops. 
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Figure 1 a. Moment alertness decrease, b. Sleep quality and c. Health influence 

 
Figure 1b shows that sleep quality decreases as the seasonal influence increases (N=312 respondents). 
95% of the respondents with no seasonal influences score a good sleep quality. In the category ‘clear 
seasonal influences’ the group with a good sleep quality is decreased to 71%.  
Figure 1c shows that ‘moderate health problems’  increase as the seasonal influence is increasing 
(N=315 respondents). Over 70% of the respondents with no seasonal influences score less health 
problems.  
 
More (detailed) results for seasonal influences, outdoors behavior and intra-individual variables will 
be presented in the paper. 
 
 
 
 


