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A comfortable lighting design is a comprehensive consideration of, a.o., perceived brightness, 
glare and light distribution. Within the lighting community, glare has been widely studied and it 
was considered as a vital issue for lighting design in offices. However, there is more than only 
glare that determines comfortable lighting in e.g. offices, and to what extent glare that is not 
considered uncomfortable determines comfortable lighting is still unclear. In this paper, we 
describe an experiment that investigates the relation between perceived glare and 
comfortable lighting.  

For this experiment we used a room equipped with 15 LED luminaires, each luminaire 
consisting of a matrix array of small LED sources. Perceived glare and comfort of the lighting 
were investigated with a within-subject design using subjective evaluation methodologies in 
two sessions separately. In each session, all 15 luminaires were switched on to one out of 
five selected luminance levels. The participant was seated in the middle of the room, and so, 
could experience a combination of perceived glare and overhead glare. Once a particular 
luminance level was selected, participants were requested to watch a short cartoon (1 minute) 
on the screen of the laptop in front of them, and then to fill in the assessment form on that 
same screen. This was done to mimic realistic office conditions, and to evaluate glare and 
comfortable lighting in the field of view, while avoiding that participants were explicitly looking 
into the light source or the rest of the room. After having seen the cartoon, the participants 
were asked to evaluate the lighting condition. In one session, they evaluated perceived 
comfort of the lighting with two different methodologies: once on a five-point rating scale (1 = 
Comfortable, 2 = Hardly uncomfortable, 3 = Slightly uncomfortable, 4 = Uncomfortable, 5 = 
Extremely uncomfortable), and once by indicating whether the lighting condition was 
comfortable or not. In the other session, subjects were asked to evaluate perceived glare 
again with two different methodologies: once on a seven-point rating scale (1 = Imperceptible, 
2 = Just perceptible, 3 = Noticeable, 4 = Just uncomfortable, 5 = Uncomfortable, 6 = Just 
intolerable, 7 = Intolerable, as also used by Boyce and Ngai in their research) and once by 
indicating whether the perceived glare was uncomfortable or not. Both sessions of the 
experiment were performed by four groups of four subjects. The four subjects were seated at 
two large tables placed symmetrically in the experimental room. 

The results of the experiment confirmed the expected finding that perceived glare increased 
with increasing luminance level. In addition, we found - confirmed by comparing different 
types of luminaires - a linear relationship between perceived glare and vertical illuminance at 
the eye. By comparing the two methodologies used, we also found the expected linear 
relation between the percentage of people that found the perceived glare uncomfortable and 
the glare rating; the higher the glare rating, the higher the percentage of people that indicated 
to find the perceived glare uncomfortable. More specifically, the border comfort-discomfort 
(BCD) defined as the glare level that 50% of the subjects experienced as uncomfortable 
corresponded to a glare rating of about 3 (on the seven-point scale). Hence, the BCD 
corresponded to the point where glare became “noticeable”. Combining the latter with the 
linear relation between glare rating and vertical illuminance at the eye resulted in the 
conclusion that the border of discomfort glare occurs for a vertical illuminance at the eye 
higher than about 340lx.  

The results on comfortable lighting showed a non-linear relationship with the vertical 
illuminance at the eye. More specifically, a quadratic relation was found between the rating on 
comfort of lighting and the vertical illuminance at eye. At low luminance levels lighting 
becomes more comfortable with increasing vertical illuminance at the eye, while above about 
240lx vertical illuminance at the eye we found a decrease in the comfort of the light with 
increasing illuminance. Obviously, the increase in comfort with increasing luminance is a 
consequence of improving visibility, whereas the decrease at higher luminance is a 
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consequence of perceived glare. Again, by comparing the two methodologies (i.e., comfort 
rating vs. percentage of people that found the light comfortable) we found that for scores on 
the comfort scale referring to “comfort” and “hardly uncomfortable” at least 70% of the people 
indicated to find the light comfortable. The range of levels in vertical illuminance at the eye 
found to be comfortable (in the quadratic relationship) was between 130 and 340 lux.  

So, we can conclude that for a vertical illuminance at the eye in the range of 130lx to 340lx 
light is considered comfortable for more than 70% of the people. In addition, the upper limit 
corresponds to the border comfort-discomfort (BCD) in perceived glare. It should be noted 
that in this study, horizontal illuminance at the work plane and vertical illuminance at the eye 
were directly related. Further research needs to focus on different ratios between horizontal 
illuminance at the work plane and vertical illuminance at the eye and on possible other 
parameters affecting perceived glare and comfortable lighting. 

  


