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SUMMARY  
Office lighting is one of the indoor environmental aspects which is proven to influence 
occupational health (OH). The quantity of light entering the eyes of office workers depends 
on the design of the building. This paper describes two field studies in which the relationship 
between window distance and lighting conditions was investigated. For one study, the 
relationship between lighting conditions and subjective alertness was explored as well. 
Questionnaires were distributed to determine OH. Significant correlations (p<.05) were found 
between illuminances and window distance and between correlated colour temperatures and 
window distance. Furthermore, for one out of the total ten participants, a significant strong 
correlation was found between the vertical illuminance levels and subjective alertness. This 
can mean that this OH aspect might be controlled by controlling the window distance in an 
office landscape. On the other hand, it can mean that there are too many uncertainties in field 
studies to investigate this relationship accurately.  
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1 INTRODUCTION 
Air quality, acoustics, relative humidity, temperature, air velocity, and lighting are all 
examples of physical indoor environmental aspects (Jafari et al., 2015). Office light is one of 
the indoor environmental aspects within office buildings which is proven to have an influence 
on human’s health (e.g., (Borisuit et al., 2014; Mills et al., 2007; Hedge et al., 2014)). Light 
ensures people to function visually by seeing and perceiving their environment through the 
image-forming system (Boyce, 2014). Moreover, light initiates biochemical processes in the 
non-image-forming centres of the brain which influence human’s health (Berson et al., 2002).  
 
The amount of light which enters the eyes of office workers is dependent on building, 
environmental and personal parameters. Building parameters are, for example, the distance 
from an occupant’s workplace to the façade or the orientation of the building. Environmental 
factors include the geographical location of the office building and the season (day and time 
of the year). Personal parameters are characteristics such as occupant’s eye health, use of 
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optics, or work activities. In the last decades, the office environment transformed from 
individual offices towards office landscapes. This led to large changes in building parameters, 
i.e. the distance from desk to the window might vary significantly between multiple office 
workers. Office landscapes are developed for its flexibility, people might choose their 
workplace themselves. However, in addition to the larger distances to the windows, offices 
are nowadays often designed for only a fraction of the entire work force. This reduction in 
workplaces reduces the accommodation and energy costs, however, this also limits the ability 
of office workers to choose their workplace.  
 
This paper describes two Dutch field studies. The objective of both studies, study I and study 
II, was to investigate and potentially to identify the relationship between window distance and 
lighting conditions. Whereas Smolders and de Kort (2014) demonstrated beneficial effects of 
a controlled bright light condition (i.e. 1000 lx in their study) on subjective sleepiness, study I 
presented in this paper focuses on lighting measurements in a realistic office environment and 
the relationship with subjective alertness. Alertness is related to the category “G47: sleep 
disorders” created by the International Classification of Diseases (WHO, 2010); therefore, 
alertness can be seen as an outcome measure for occupational health (OH).  
 
2 MATERIALS/METHODS  
Both field studies were performed in Eindhoven (the Netherlands) in May 2016. Study I was 
performed from May 17th to May 20th while there was an overcast sky. Study II was 
performed from 25 to the 31st of May and the weather conditions varied from a mostly 
overcast sky to a complete overcast sky.  
 
2.1 Study I 
In this field study, both lighting measurements and questionnaires were used in order to 
investigate the relationship between office light and OH.  
 
2.1.1 Lighting measurements 
The research took place in a Dutch office landscape containing 38 desks. Figure 1 shows the 
floor plan of this work space (size 22x13m², height 6.5m) in which the red dots indicate the 
measurement points for the experiment. The window façade is oriented to the North. 
Continuous measurements of vertical illuminance levels and CCT were performed at one desk 
during the entire study period. Measuring lighting conditions at each desk and comparing 
these to the continuous measurements led to estimations of lighting conditions for each desk 
for the entire study period (van Duijnhoven et al, 2017). The measurement setup shown in 
Figure 2 was applied for the continuous measurements. A Konica Minolta CL-200 was 
employed to measure vertical illuminance levels and CCT at eye height (i.e. 1.20m).  
 
2.1.2 Questionnaires 
In total, 23 office workers were recruited and all voluntarily participated after signing an 
informed consent form. They received four hardcopy questionnaires on Monday and three on 
Tuesday and Friday, due to different working hours. These questionnaires included questions 
regarding wellbeing, alertness sleep quality during the night before the questionnaire, minutes 
spent outdoor, use of caffeine or tobacco, visual deficiencies, and the presence of health issues 
(e.g., depression, burnout, addiction, or sleep disorder). The current paper focuses on alertness 
levels. Alertness levels were measured on a VAS (Visual Analogue Scale) from 0-100.  
Incomplete questionnaires and participants suffering from sleep disorders were excluded from 
the data analysis. In addition, the data of the participants who participated for at least two 
entire days (four questionnaires on Monday or three on Tuesday or Friday) was included for 
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analysis. The questionnaire results of in total ten participants were analysed. All of these 
participants were male and between 30 and 58 years old (Mean±SD: 43.9±11.2). 
 

    
 Figure 1: Floor Plan of office landscape in Study I               Figure 2: Measurement Setup of Study I 

 
2.2 Study II 
This second study was executed in order to validate 
the relationship between vertical illuminance levels 
and window distance in an open plan office, see 
Figure 3. The window façade is East oriented. 
Continuous measurements are performed in three 
viewing directions (i.e. North, East, and South) at 
three locations for a period of nine consecutive days. 
The distances from the measurement locations to the 
façade were 4.4m, 7.2m, and 10.4m. Three 
photometers (Hagner SD2) are applied to 
continuously measure vertical illuminance levels at 
eye height (i.e., 1.20m).    
  
2.3 Data analysis 
All data was analysed using MATLAB 2015a and IBM SPSS Statistics 23. The relationships 
between window distance and lighting conditions and between lighting conditions and 
subjective alertness are investigated by calculating Kendall’s tau correlations. This non-
parametric statistic was applied because of the limited sample size and data points. All 
correlations were calculated two-sided with a significance p-level of 0.05. In addition to the 
correlation coefficients, graph were created to explore the general trends. The analysis of the 
subjective alertness was performed within-subjects as the VAS method can be interpreted 
differently per individual (Wewers & Lowe, 1990). 
 
3 RESULTS  
This section is divided into the relationship between window distance and lighting conditions 
and the relationship between these lighting conditions and occupant’s self-reported alertness.  
 
3.1 Relationship between window distance and lighting conditions 
In both studies, significant negative correlations were found between vertical illuminance 
levels and window distance (Exp. I: τ= -0.554, p=.000 and exp. II: τ= -0.281, p=.000). In 
study II, the vertical illuminance levels were measured in three viewing directions and in each 
direction the correlation was found to be significant as well (i.e., North: τ= -0.425, p=.000, 

Figure 3: Floor plan of office 
landscape in Study II 
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East: τ= -0.289, p=.000, and South: τ= -0.192, p=.000). Figure 4 shows the decreasing trends 
of vertical illuminances according to an increasing window distance. In study I, CCT was 
measured as well and the relationship between these CCT levels and the window distance was 
also found to be significant (τ= -0.455, p=.000), see Figure 5.  
 

 
Figures 3 and 4: Relationship between vertical illuminance level or CCT and window distance in both 

studies (left graph: Study I vertical illuminance, right graph: Study I CCT) 
 
3.2 Relationship between lighting conditions and subjective alertness 
Data from study I showed a significant correlation between vertical illuminance levels and 
subjective alertness levels for only one participant out of the ten participants (τ=0.878 p=.006, 
see Figure 6). This strong correlation is positive, meaning that the participant reported to be 
more alert in brighter environments. CCT was not shown to influence subjective alertness (for 
each participant p>.14). Kendall’s tau correlations for the relationships between subjective 
alertness and vertical illuminance levels or CCT are provided in table 1 for each participant 
separately.  
 

 
Figure 5: Relationship between vertical illuminance and subjective alertness for one participant (#7) for 

six measurement moments throughout the week 
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Table 1: Kendall's tau (τ) correlations for the relationship between lighting conditions and subjective 
alertness - Study I. * indicates significance (p<.05). N is the number of questionnaires. 

Participant # Evert and subjective alertness CCT and subjective alertness 
1 τ=0.333 p=.293 N=7 τ=-0.048 p=.881 N=7 
2 τ=0.333 p=.497 N=4 τ=0.667 p=.174 N=4 
3 τ=0.333 p=.497 N=4 τ=0.333 p=.497 N=4 
4 τ=-0.238 p=.453 N=7 τ=-0.048 p=.881 N=7 
5 τ=0.333 p=.497 N=4 τ=0.333 p=.497 N=4 
6 τ=-0.333 p=.497 N=4 τ=0 p=1 N=4 
7 τ=0.878 p=.006 N=7* τ=0.293 p=.362 N=7 
8 τ=-0.195 p=.543 N=7 τ=-0.39 p=.224 N=7 
9 τ=-0.315 p=.209 N=10 τ=0.27 p=.281 N=10 
10 τ=-0.238 p=.453 N=7 τ=0.143 p=.652 N=7 

 
4 DISCUSSION 
The significant negative correlations in both studies between window distance and vertical 
illuminance levels indicate differences in lighting conditions between office workers working 
in an office landscape. Working farther away from the façade typically decreases the total 
exposure to light during a work day of that particular office worker.  
 
Study I showed that in that particular situation, the changes in subjective alertness related to 
vertical illuminances were higher compared to CCT. However, this relationship was only 
established for one participant in study I. The relationship between lighting conditions and 
subjective alertness was not visible for the other 9 participants. This may indicate that people 
are not equally sensitive to changes in vertical illuminance levels.  
 
Cajochen et al. (2000) published a dose-response curve demonstrating the relationship 
between illuminance levels and subjective alertness, based on night-time experiments. This 
graph shows that people’s subjective alertness changes the most for illuminances between 30 
and 300 lx. Smolders and de Kort (2014) found a beneficial effect on subjective sleepiness 
when the participants were exposed to a vertical illuminance condition of 1000 lx compared 
to the conditions of 200 lx. It could be that in study I, the illuminance levels were too often 
outside this crucial area or that the variations were too low to find a significant relationship. 
Another discussion point is the office environment itself. This office environment is a flexible 
office landscape in which people enter and leave the office throughout the day. Other 
environmental stimuli might have influenced the participant’s level of alertness (Aries et al., 
2010). The third limitation for study I is the fact that the results are based on subjective 
measurements. Applying a subjective method, in this study a VAS, requires discipline and 
good judgment of the participants. Future research plans will be carried out complementing 
objective methods to the often applied questionnaires in order to accurately measure alertness 
or OH outcomes.  
 
In addition and recognizing that not every person is equally sensitive to light, a larger 
participant sample is required to investigate the influence of office lighting conditions on OH. 
Larger field studies will be performed to validate these preliminary results. It is also 
worthwhile investigating why certain people react on changing light conditions, whereas other 
do not.  
 
5 CONCLUSIONS 
The current paper demonstrates significant correlations between the window distance and the 
vertical illuminance and CCT measured at eye level. Besides this relationship, only one out of 
the total ten participants showed a significant strong correlation between the vertical 
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illuminance levels and the subjective alertness score. On one hand, this triggers the conclusion 
that this office worker’s health may be controlled by controlling the distance to the window 
within the office landscape. On the other hand, the low number of participants as well as the 
subjective measurement technique only led to indications that are required to be confirmed in 
a more intensive future study. These two field studies generated new topics for further 
research. Is every individual equally sensitive to changes in the lit environment? Additional 
research is required to confirm the magnitude and direction of the potential relationship 
between office light and OH. 
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