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Summary 
(Day)light in office buildings has already been proven to be a beneficial contributor to 
health. However, people’s perception of the physical light environment deviates 
significantly from objective measurements. Large differences between user’s perception 
and objective light parameters, such as illuminance level or daylight contribution, could 
lead to people interfering with the automated lighting system which then may not be able 
to deliver the intended employee’s health benefits. This study found deviations between 
objective and subjective measures. In addition, correlations between daylight/electric light 
ratios (DL/EL) and self-reported satisfaction with lighting or self-reported general health 
were found to be not always statistically significant throughout the duration of the 
experiment. Further research should focus on the differences between subjective and 
objective light parameters and potential mediators between office lighting and occupational 
health. 

1 Introduction  
Previous studies indicated beneficial effects of luminous radiation on human’s health and 
well-being (e.g. (Boyce, 2014), (Liu & Wojtysiak, 2013), (Aries, Aarts, & van Hoof, 2013), 
(Das, 2015)). Both daylight and electric light contribute to human’s luminous exposure.  

Galasiu & Veitch (2006) reviewed the literature regarding occupant’s preferences and 
satisfaction about lighting in daylit offices.  Two studies concluded that the majority of 
participants preferred daylight over electric light ((Cuttle, 1983), (Veitch, Hine, & Gifford, 
1993)). Veitch & Gifford (1996) reported that 52% of the participants believed they 
performed best when working in places illuminated by natural light. Moreover, Heerwagen 
and Heerwagen (1986) reported that the majority of participants believed that daylight was 
better for their general health, visual health, and psychological comfort.  

Not all previously mentioned studies are performed in (open-plan) offices. These days, 
more and more offices transform from conventional offices into office landscapes. Previous 
research focused on cubicle offices rather than open office environments, which initiated 
the relevance to investigate the effects of (day)lighting on health in an office landscape.  

This study investigated the following hypotheses: 

1. Objective and subjective measures of light parameters in offices are uncorrelated; 
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2. The DL/EL ratio correlates with satisfaction with lighting; 

3. The DL/EL ratio correlates with general health; 

4. Satisfaction with lighting correlates with general health. 

2 Methodology 
A mixed-methods experiment was performed during one work week in spring 2016 in an 
office building in the Netherlands, see Figure 1. The weather conditions varied from an  
overcast sky on Monday, Tuesday, and Wednesday towards a clear sky on Thursday and 
Friday.   

 
Figure 1: Office landscape - experiment location 

Physical indoor environmental measurements were performed and questionnaires were 
distributed during five normal workdays from May 23 until May 27, 2016. Horizontal 
illuminances were measured using Hagner photometers at desk level at three different 
locations on two floors in the office building. Two measurement locations were situated on 
the ground floor, one was located on the first floor. Night measurements (without daylight) 
allowed to determine the electric light contribution for various dimming levels as part of the 
total measured illuminance levels during the day. The daylight contribution results from the 
difference of the total illuminances and the electric light contribution. These two 
contributions were combined to the DL/EL ratio, ranging from 0 to 10 with by 0 meaning 
‘only daylight’ and 10 ‘only electric light’.  

Three validated questionnaires were distributed: KSS (Karolinska Sleepiness Scale), OLS 
(Office Lighting Survey), and SF-36 (Short-form 36 items). The KSS was used to measure 
self-reported sleepiness on a scale from 1-10 (Shahid, Wilkinson, Marcu, & Shapiro, 
2011), the OLS (43 items) was used to measure user’s perception about the lighting 
conditions (Eklund & Boyce, 1996), and the SF-36 (36 items) was used to measure self-
reported general health (Ware, 2009).  

Two questions were added to the OLS: ‘Tick the light sources which are available at your 
workplace right now (answer options: daylight, electric light)’, and ‘What do you think is the 
ratio between daylight and electric light right now? (expressed in a scale from 0-10)'. 
During the five workdays, the employees were asked to answer the KSS four times a day 
(9:00, 11:15, 14:00, and 16:15, respectively), the OLS once a day at the end of the 
workday, and the SF-36 only on the first afternoon of the experiment. The response rates 
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for the OLS questionnaire during this five-day experiment varied from 24% to 59%, 
resulting in 55 participants and 117 completed OLS questionnaires in total. The gender 
and age category of the participant were asked in the SF-36 which was only distributed on 
Monday afternoon. The group of 55 participants who filled in the OLS consisted of 17 men, 
20 women, and 18 unknown genders. Their age was distributed as shown in Table 1.  

Table 1: Age distribution of the participants who completed the OLS 

Age category Number of participants 

Under 25 years 1 

25-34 years 13 

35-44 years 13 

45-54 years 9 

55-64 years 1 

65 years or older 0 

Missing 18 

Total 55 

 

All data was analysed using MATLAB R2015a and SPSS Statistics 22. The correlations 
were calculated using Spearman's rho. This non-parametric test was used because the 
majority of the data was not normally distributed and because most variables in the 
analysis were ordinal variables. All the tests were applied two-sided using a significance 
(p) level of 0.05 to indicate statistical significance (indicated with * in Tables).  

3 Results 

3.1 Objective and subjective DL/EL ratios in offices 
Objective and subjective DL/EL ratios were compared by calculating their correlation 
coefficients per day of the work week. The correlation is statistically significant for three out 
of five days and for the analysis of the combined dataset (see Table 2). Using Cohen's 
conventions (1988) to interpret effect size, a correlation coefficient of approximately 0.3 is 
considered a moderate correlation and a coefficient of at least 0.5 represents a strong or 
large correlation.  

Table 2: Correlation coefficients between objective and subjective DL/EL ratios per day of the work week  

 Monday Tuesday Wednes-
day 

Thurs-
day Friday All days 

Spearman’s rho (ρ) -0.530* 0.180 -0.155 0.778* 0.776* 0.329* 

Significance level (p) .001 .370 .554 .000 .001 .000 

Number of data points (n) 37 27 17 21 15 117 
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The absolute differences between the objective and subjective measures are calculated to 
test whether there is a statistically significant correlation between this difference and the 
objective ratio. This correlation for the combined dataset is significant (ρ=0.325, p=.000, 
n=117). The mean, the standard deviation, and the maximum all differ between subjective 
and objective ratios, with a slightly downward trend from Monday to Friday (see Table 3). 

Table 3: Differences between objective and subjective DL/EL ratios for the five-day experiment 

 Monday Tuesday Wednes-
day 

Thursday Friday All days 

Number of 
data points (n) 

37 27 17 21 15 117 

Mean 2.27 1.44 1.59 1.62 1.33 1.74 

Std. Deviation 1.774 1.311 1.661 1.161 0.976 1.492 

Minimum 0 0 0 0 0 0 

Maximum  7 5 6 4 3 7 

 

The added question to the OLS on the available light sources at the workplace resulted in 
varying answers. Each day a percentage of the participant sample (from 6 to 43%) 
answered either ‘only daylight’ or ‘only electric light’ while the answers were all given 
during the day when both light sources contributed to the illumination of the workplaces. 

3.2 DL/EL ratios and satisfaction with lighting  
One question of the OLS survey (‘Overall, how satisfied are you with the lighting at your 
office or workspace?’) is used to test the relation between the daylight contribution and the 
satisfaction with lighting. The correlations between this question about the satisfaction with 
lighting and both, the objective and subjective, ratios proved not to be statistically 
significant (all p>.1).  

3.3 DL/EL ratios and general health  
None of the calculated correlation coefficients (separated per work day and for the 
combined dataset) for the DL/EL ratios and general health reached statistical significance 
(all p>.2).  

3.4 Satisfaction with lighting and general health  
The analysis shows that on Monday, Wednesday, and for the combined dataset the 
correlation between satisfaction with lighting and general health is significant and its size is 
moderate to large (ρ = 0.714; p = .000, ρ = 0.732; p = .001, and ρ = 0.447; p = .000 
respectively), see Table 4. 

 

 

Acc
ep

ted
 M

an
us

cri
pt



Table 4: Correlation coefficients between lighting satisfaction and general health  

4 Discussion 
In a pilot study performed in the same building in January 2016, objective light 
measurements were compared with subjective user perceptions about the (day) lighting in 
the office. This comparison showed a large divergence between these results.  The 
qualitative method improved from informal non-structured non-scheduled interviews in 
January 2016 to scheduled validated online questionnaires in spring 2016. Using the 
validated questionnaires in this study led to more reliable datasets.  

There is a statistically significant correlation between objective and subjective measures. 
However, this correlation is only moderate. The direction of the correlation coefficient 
changes from a large negative correlation on Monday towards a large positive correlation 
on the two last days of the week. The correlation between the difference from subjective to 
objective ratio and the objective ratio is significant as well. This correlation indicates that it 
is more difficult for the users to assess the DL/EL ratio when there is less daylight 
available. It appears to be very challenging for people to assess which light source, 
daylight or electric light, contributes in which proportion to the overall lighting amount. In 
the current study, it was shown that people often misinterpret which light sources are 
available. It should be mentioned that participants might have misunderstood the two 
unvalidated questions manually added to the OLS.  

This conclusion is in accordance with the work of Wells (1965). He indicated that 
occupant’s assessment of daylight levels was far from accurate when compared to 
objective measurement data. He also concluded that what people think they need, 
regarding illuminance level or DL/EL ratio, is independent of the actual physical 
environment.  

Furthermore, the results show that there is no significant correlation between satisfaction 
with lighting and the DL/EL ratio and none between the DL/EL ratio and general health. On 
the other hand, the correlation between satisfaction with lighting and general health is 
found to be significant when analysing the entire dataset collected during the week. This 
correlation is nearly a strong correlation. Participants who felt healthier were more satisfied 
with the lighting. This was also the case on two days of the week. The distribution of 
genders and age categories of the participants throughout the week was close to similar 
each day. There is no significant correlation between gender and general health; however, 
the correlation between gender and satisfaction with lighting is close to significant and 
pointing in the direction that men are less satisfied with the lighting. A larger participant 
sample is required to verify the significance. 

 Monday Tuesday Wednes-
day  

Thursday Friday All 
days 

Spearman’s rho (ρ) 0.714* 0.290 0.732* 0.294 0.345 0.447
* 

Significance level (p) .000 .142 .001 .196 .207 .000 

Number of data points (n) 37 27 17 21 15 117 
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The current study contains two limitations. Firstly, the objective DL/EL ratio was calculated 
at the three locations in the office building, while the subjective ratios are individual and 
based on the experienced lighting situation at their individual desks. For comparison 
between the subjective and objective measures, the measurement location closest to the 
participant’s desk has been chosen as a reference location. It is uncertain how large the 
influence of the difference in location is. Secondly, the determination of satisfaction with 
lighting and general health is for each only based on one question from a questionnaire. 
Calculating a general health score based on 36 items of the SF-36 will lead to more 
accurate results than relying on just one general question.  

5 Conclusions 
The current study shows differences between objective and subjective DL/EL ratios. 
However, the correlation between objective and subjective DL/EL ratios is moderate. This 
means that it appears to be difficult for users to estimate light parameters; on the other 
hand, the correlation indicates that it is generally possible.  

In addition, no statistically significant correlations were found between the 
subjective/objective light ratios and general health nor between the light ratios and 
satisfaction with lighting. Satisfaction with lighting and general health correlate on two days 
of the week strongly. Overall, the satisfaction with lighting correlates moderately with 
general health. Healthier people were more satisfied with the lighting in the office 
landscape.  
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