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I Foreword 

 

I started my bachelor Bouwkunde (Architecture, Urbanism and Building Sciences) at Eindhoven 

University of Technology in September 2011. After this, I started my master Architecture, Building 

and Planning at the same university in September 2014. My first Master project was about taking 

the human visual field into account when making luminance pictures in Radiance. Here, a script was 

made that put the mask of the human visual field over luminance pictures. My second Master 

project was about the perception and motivation of residential users on smart grids. For this 

project, questionnaires were made, sent and analyzed.  

 

When I started this graduation project, the focus was on finding a relation between the light levels 

and the alertness of the employees. After the first experiment I found that the chosen method was 

not suitable to determine the light levels for the desks. That is why my research ended up more 

focused on finding a reliable method to measure and calculate the light levels on the individual 

desks in this building than on the questionnaire itself. This is also why this report has two sections – 

part A and part B. Part A focuses on how the method is chosen that eventually will be used. Part B 

focuses on the research of the potential relationship between light and alertness. This report 

contains both my master 3 project as well as my graduation project. Appendix A shows the planning 

of my projects, Appendix B the measurement plan. 

 

I want to thank my supervisors Prof. Dr.-Ing. Habil. A.L.P. (Alexander) Rosemann, Prof. Dr. H.S.M. 

(Helianthe) Kort and Ir. J. (Juliëtte) van Duijnhoven for their support. I also want to thank the city 

hall of Alphen aan den Rijn for the opportunity to perform this study in their office building, and the 

employees that participated in this study for their time. Lastly, I want to thank Wout van Bommel 

from the BPS laboratory for his help during the project.  
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II Samenvatting 

Steeds meer kantoren veranderen van individuele kantoren naar kantoortuinen. Bij een kantoortuin 

verschillen de klimaatomstandigheden per bureau en is het belangrijk om niet naar een gemiddelde 

te kijken maar naar de individuele werkplekken zelf. Onderzoek laat zien dat er een relatie is tussen 

licht en alertheid. De meeste onderzoeken focussen zich echter niet op de hoeveelheid licht die 

werknemers op dit moment krijgen in een kantoor maar op extreme lichtniveaus. Dit verslag bevat 

een studie met de focus op het meten van licht per individueel bureau en de eventuele relatie 

tussen licht en alertheid. Dit onderzoek is gebaseerd op eerder onderzoek van J. van Duijnhoven. 

Het onderzoek is gedaan in het gemeentehuis van Alphen aan den Rijn. Hier hebben vijf statieven 

met meetapparatuur continu (gedurende een week in november en twee weken in mei) de 

verticale en horizontale verlichtingssterkte gemeten, net als de temperatuur en de relatieve 

luchtvochtigheid. Dit werd gemeten op vijf uitgekozen bureaus en vijf uitgekozen plekken voor een 

raam. De verlichtingssterkte van alle andere bureaus in het gebouw worden aan een van deze 

referenties gekoppeld. Gekeken is naar de manieren waarop de bureaus aan de referenties 

gekoppeld kunnen worden, naar de hoeveelheid metingen die hiervoor gebruikt worden, of er 

alleen naar daglicht of naar de totale hoeveelheid gemeten licht gekeken moet worden en of de 

referentie bureaus of de referentie plekken voor de ramen gebruikt moeten worden. Er is gekozen 

om alle dagen dat er gemeten is te verdelen in dagen met of met minder zon (gebaseerd op de 

zonneschijnduur). Hiervoor worden alle negen referentie metingen gebruikt. Alleen het daglicht 

gedeelte is gebruikt en alle bureaus zijn gekoppeld aan een referentie bureau op basis van de 

oriëntatie in het gebouw. Met deze informatie kan de verlichtingssterkte berekend worden voor 

alle bureaus. Discussiepunten zijn de beslissing wanneer een dag onder een dag met of met minder 

zon valt, hoe het daglicht gedeelte wordt berekend en het feit dat er weinig data overblijft als er 

voor deze methode gekozen wordt.  

Ook zijn er vragenlijsten gestuurd naar deelnemers in november en mei (dit om seizoenverschillen 

te meten). Via deze vragenlijsten, die vier keer per dag gestuurd werden, werd gevraagd hoe alert 

de deelnemers zich voelden. Een algemene vragenlijst is gestuurd om demografische informatie en 

informatie over de gezondheid te verkrijgen. Ook is een evaluatie vragenlijst gestuurd om meer 

informatie over de redenen voor deelname te krijgen. In totaal hebben 231 mensen meegedaan, 

waarvan de meeste toegezegd hebben voor deelname wanneer ze persoonlijk aangesproken zijn op 

het gemeentehuis en niet via de interne website.  

Er is geen significante relatie gevonden tussen alertheid en de verticale of horizontale 

verlichtingssterkte. Dit is waarschijnlijk omdat er weinig data gebruikt kan worden vanwege de 

keuze van de methode om het licht per bureau te berekenen. 

De meest betrouwbare methode, voor dit gebouw, is om de bureaus te koppelen aan de vijf 

referentie bureaus, gebaseerd op de oriëntatie in het gebouw en gekeken naar het daglicht 

gedeelte. De berekeningen gebruiken alle negen referentie metingen, welke zijn ingedeeld in een 

dag met of met minder zon. In dit geval is geen significante relatie gevonden. Dit ligt waarschijnlijk 

aan het gebrek aan data door de gekozen berekenmethode. Aanbevolen is om meer onderzoek in 

dit gebouw te doen zodat er meer informatie komt over meetmethodes voor individuele bureaus 

en de eventuele relatie tussen licht en alertheid kan worden onderzocht. Als er deelnemers voor 

onderzoek moeten worden geworven is het aan te raden dit via persoonlijk contact te doen. 



7 

 

 

III Summary 

More and more offices are making the switch from individual offices to open-plan offices. Because 

the environmental conditions are different for each desk, it is important not to consider an average 

of measurements but individual workplaces instead. Studies show a relation between light levels 

and alertness, but most researches don’t focus on the current situation in offices but on extreme 

light levels. This report contains an exploration which focuses on a reliable method to measure light 

levels at individual desks and on the potential relation between light and alertness. This research is 

based on a previous study by J. van Duijnhoven. 

The experiments took place in the city hall office of Alphen aan den Rijn. Five tripods with 

measurement equipment measured constantly (for one week in November and two weeks in May) 

the vertical and horizontal illuminance, as well as the temperature and relative humidity. This was 

measured at five chosen desks and in May also at five chosen places in front of a window. All the 

other desks are linked to one of these references. Research is done on different ways to link the 

desks to the reference desks, on the amount of measurements used to link the desks, on if only the 

daylight part should be taken into account or the total light measured and on if the reference desks 

or the equipment in front of a window should be used. In the end, it was chosen to divide all the 

measured days into either days with sun or with less sun (based on the sun duration on a day). For 

this, all nine measurements are used. Only the daylight part of the measurements is taken into 

account, and the desks are linked to the reference desks based on their orientation in the building. 

With this information, the light levels can be calculated for every desk. Critical notes are the 

determination of a day with sun or with less sun, how the daylight part is calculated and the limited 

data that can be used when choosing for this method. 

In November and May (because of season differences), questionnaires were send to participants. 

Four times a day the participants were asked how alert they felt. A general questionnaire was send 

which contained demographical and health-related questions. An evaluation questionnaire was 

send to gain more information about the reasons to (not) participate. Most of the 231 people that 

participated were recruited by walking around in the building instead of via their website. 

Unfortunately, no significant relation is found between the alertness and neither the vertical or 

horizontal illuminance, nor when they are controlled for the temperature or relative humidity. This 

is probably because there was not much data that can be taken into account after determination of 

the method to calculate the light levels for every desk.  

A reliable method for this building is to use the continuous measurement at the five reference 

desks, considering only the daylight contribution and linking all the desks to the reference desk 

based on their orientation in the building. The calculations use nine measurements, from which the 

measurements are divided into either a day with sun or with less sun. For this case study, no 

significant relation is found. This is most likely because there was not much data that can be 

considered after determination of the usage of method to calculate the light levels for every desk. 

Recommendations are to do more research in this same building to gather more information on a 

reliable method to measure and calculate at personal desk level. A recommendation to recruit 

participants is to do it in person. By putting a message on their internal website not many 

participants were recruited. However, when walking around in the building for a few days, most of 

the participants were recruited. 
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Part A 

1. Introduction 

More and more offices are transferring from individual offices to open-plan offices. This landscape 

layout, however, means that there are large differences in the environmental conditions. This is a 

reason to not consider an average of measurements but individual workplaces instead. Another 

reason to consider individual workplaces is the grid of luminaires. Usually open-plan offices are 

designed as a regular grid of luminaires [1]. This is done to meet local regulations, building codes 

and design guidelines. However, this lighting design usually does not take into account the design of 

the workplaces, or for example the fact that this design of workplaces can easily be changed in an 

open-plan office. As a result, not only the daylight levels as well as the electrical light levels are 

different for each desk.  

The individual lighting conditions can be determined in four ways [2]. The first option is via portable 

measurement devices. The downside to this method is that it is sensitive to invalid measurements. 

Clothes or scarves, for example, can easily cover the sensor. People can also forget to wear the 

device or loose the device [3]. Also, people that participate in the experiment will have to agree to 

wear such a device. The second option is to measure at the desk itself. For this, the measurement 

equipment should be placed at a representative place, in other words a place where a person 

would sit, and measure at eye height and at desk height. This option has the problem that it uses 

the workplace of a desk and therefore the desk cannot be used anymore. This means it is not 

suitable when it is needed to combine the results from the measurements with other results, such 

as questionnaires. The third option is to put the measurement equipment only at a few desks or 

other places in the room and link all the other desks to these reference desks/places. A great 

disadvantage of this option is that the results are only an estimation and not actual measured data. 

The last option is to work with simulations instead of measurements. The problem with simulations 

is that a model of the reality is used. A model includes many assumptions that could be different 

from the real situation. Especially in open-plan offices, which are usually large spaces and full of 

furniture and personal belongings, it is hard to simulate correctly to the real situation.  

2. Method 

Table 1 gives an overview of the arguments for and against the four options for determining the 

individual lighting conditions. The chosen option for this case study is the third option, where 

measurement equipment is used to link other desks to a few reference desks. This option asks little 

from the participant and can be used in combination with the questionnaires. It also uses 

calculations based on real time measurements instead of a model. 
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Table 1: Overview of options for determining the individual lighting conditions 

Method Arguments for this option Arguments against this option 

Option 1:  

Wearing portable 

measurement devices 

* Personal measured light levels 

* Real time measurements 

* Does not use a workplace 

* Sensitive to invalid measurements 

* Asks much from participants 

* Easy to forget to wear/loose the 

   device 

Option 2:  

Measuring at every desk 

* Measures the light levels for 

    every desk 

* Real time measurements 

* Uses a workplace 

* Hard to combine with other 

   research 

Option 3:  

Linking all desks at a few 

reference desks/places 

* Based on real time 

   measurements 

* Uses little to no workplaces 

* Calculations/estimations instead 

   of real measured data 

Option 4:  

Using numerical models 

* No participation needed  

* Does not use a workplace 

* Based on model of reality instead 

   of real time measurements 

* Hard to simulate correctly to the 

   real situation 

For this research, measurements are done in the city hall office of Alphen aan den Rijn, see figure 1. 

This building consists of 6 levels (called 0, 0+, 1, 2, 3 and 4). The ground floor (floor 0) is used as city 

hall and is open for the public. Therefore, this floor is not taken into account for this research. The 

floors of the building are shaped like a triangle with a large atrium on the south side, see figure 2. 

Appendix C shows larger floorplans. The building uses the principle of an open-plan office, where 

different departments are separated from each other by low furniture. The employees have flexible 

workplaces, which means everyone can sit anywhere in the building and does not have their own 

desk. Workplaces are distributed over the whole floor, which means that they are in all the 

orientations. This makes it difficult to measure in this building, since there are many influences that 

make all the workplaces different from each other, but this is in fact the real situation.  

 

Figure 1: Elevation of the city hall of Alphen aan den Rijn 
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Figure 2: Floorplans of the city hall office of Alphen aan den Rijn (from left to right: floors 0+, 1, 2, 3 and 4). 

The red dots indicate where the measurement equipment is placed. 

More information on why exactly is measured in the city hall ofice of Alphen aan den Rijn can be 

found in part B of this report. However, to understand the situation during this research, a brief 

summary will be given. With questionnaires, participants were asked how alert they felt four times 

a day for multiple days. To explore if there is a relation between alertness and light, the individual 

light levels should be determined. 

2.1 Research question 

What is a reliable method to predict the individual illuminance on desks to reference 

measurements in this case-study? 

2.2 Research method  

Measurements with Eltek light sensors are performed in the city hall office of Alphen aan den Rijn 

in order to find a reliable method to measure the individual horizontal and vertical illuminance 

levels.  

2.2.1 Prior to the experiments 

The Eltek light sensors (see figure 3) were calibrated using a reference meter, the Hagner reference 

cell. Light in offices is usually between 100 and 10.000 lx [4]. To be sure that the light sensors are 

calibrated for the entire used spectrum, a range from 50 to 20.000 lx is chosen, with 19 

intermediate points to check if there is a linear relation. The calibrations were performed using an 

Ulbricht Sphere, see figure 4. The illuminance level of the lamp is adjusted by changing voltages. 

First, the Hagner light sensor was used to measure the illuminance level. Then, the Eltek light 

sensor measured under the same conditions. After this, the results from the Eltek light sensor and 

the Hagner light sensor were compared so the calibrated Eltek light sensor could be used during the 

experiment. For this calibration, extra rings were added to the Hagner light sensors, as can be seen 

in figure 5. This was done in order to get the Eltek and Hagner light sensor at the same distance of 

the opening of the Ulbricht Sphere. 

  
Figure 3: Eltek LS50 Light puck (left) and data logger which is connected to it (right). 
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Figure 4: The Ulbricht sphere used for calibration               Figure  5: Hagner light sensor 

2.2.2 Experiment November – Measurements during Fall 

Figure 6 shows the measurement set-up at the city hall office of Alphen aan den Rijn. The two Eltek 

light sensors were placed on the tripod in such a way that the vertical illuminance was measured at 

1.25 meters height, facing the desk. The horizontal illuminance was measured at desk level 

(between 0.7 and 0.8 meters height) and at 0.6 meters from the tripod, facing up. The arm with the 

light sensor that measures horizontally was able to move between the given range, in order to 

adjust it to the desks used at the location (since desks might have different heights). The 

illuminance was logged each minute. This was done because changes in weather conditions have an 

influence on the indoor climate. Since these changes can occur in a small amount of time, the 

measurements inside should also be set to this short time interval.   

   
Figure 6: Set-up of the measurements. Left a schematic overview, on the right a picture of measurements 

performed on a desk in the city hall office of Alphen aan den Rijn. 

Since the measurement setup used a workplace, only five measurement setups were used. This was 

also because of the limitation of measurement equipment available. The five tripods were 

distributed over floors 0+, 2, 3 and 4. It was decided to put two tripods at floor 2 instead of one on 

floor 1 and one on floor 2, because floor 1 has little desks that meet the requirement of being in an 

open-plan office. If desks don’t meet this requirement, they are usually either in individual rooms or 

in meeting rooms. The tripods are put in the orientations west, south-west, east and south-east. 

This is done because most desks are in these orientations, and there was a limitation in desks that 
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could be used during the entire experiment for the continuous measurements. Figure 2 indicates 

the places where the measurement equipment is placed with a red dot. Appendix C shows the 

measurement locations on bigger floorplans. The measurement devices were placed at unoccupied 

desks to ensure that they were not moved during the measurements and therefore measured at 

the same place during the experiment. The desks where participants were working during the 

questionnaire are linked to these five reference measurement desks. On which aspect these links 

are made is explained in chapter 2.2.4 of part A of this report. A memo was put on all the tripods to 

ensure that the employees did not touch the measurement devices throughout the whole 

measurement period and that they kept the devices plugged in in the sockets. The devices were 

placed in such a way that no shadow fell over it, for example by devices, furniture or persons. The 

measurements took place from Tuesday November 8
th

 until Friday December 5
th

 2016. 

The electrical lighting in the office building is controlled by daylight sensors and occupancy sensors. 

The electrical lighting adjusts its lighting level according to the daylight sensors. In order to maintain 

a constant amount of electrical light, the sensors are covered by a piece of tape in order to let them 

continuously emit at the same maximum level. The occupancy sensor could not be turned off, and 

therefore the electrical light responded on movement in the room. 

 

During one workweek, from Monday November 21
st

 until Friday November 25
th

, questionnaires 

were send to participants. This will be explained in part B of this report. For the desks that were 

used during the questionnaires, relation measurements were done for every desk used during the 

questionnaire. These relation measurements took place from November 28
th

 until December 5
th

. 

The relation measurements were performed to be able to link all the desks in the office landscape 

that were used by the participants to the five continuous measurement locations. What aspect is 

used to link a desk to one of the five reference desks will be explained in paragraph 2.2.4 of part A 

of this report. For the relation measurements, a tripod with measurement equipment was placed in 

front of a desk where a participant worked during the questionnaire. Here, the horizontal and 

vertical illuminance was measured. Later on the horizontal and vertical light levels from the 

reference desks were looked up for the exact same time as the relation measurement was done. 

With this, the relation between the desk and the reference desk can be found. The relation 

measurements were performed three times during the time-slots when the questionnaires were 

asked. In March, the relation measurement were repeated three times. The more relation 

measurements are done, the more accurate the determination of the relationship between the 

desk and the reference desk can be.  

 

Night measurements were performed in November for all the desks that were used during the 

questionnaire. Here, measurements were done when there is no daylight and only electrical light. 

This was done to be able to calculate the daylight part for each desk.  

2.2.3 Experiment May – More measurements during Spring 

In May, the experiment was repeated. The same set up was used as in November. Based on a study 

at the Eindhoven University of Technology [5], five extra tripods were placed for continuous 

measurements in front of a window nearby the five desks where continuous measurements also 

took place, see figure 7.  
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Figure 7: Measurements at the city hall office, in front of a desk (left) and in front of a window (right). 

2.2.4 Validation study 

After the experiment in both November and May, some validation studies were done. For this, one 

of the reference desks had its continuous measurement equipment. The other 5 tripods with 

measurement equipment were also measuring continuously at desks that are linked to this 

particular reference desk. With this, the calculated data can be compared to real measured data. 

For the validation studies in May the same method was used as in November, but with a reference 

place in front of a window instead of a desk. 

2.2.5 Analysis of the data 

For the calculations, the program Matlab R2015b was used. To calculate the illuminance of a certain 

desk, the relation of this desk to one of the reference desks should be determined. For this 

research, only a linear relation is considered. To validate the quality of the relation, the coefficient 

of determination (R
2
) is used, see figure 8. The R

2
-value ranges from 0 to 1, where 1 is a perfect fit 

and 0 is no fit at all. So a R
2
-value of 0.90 means that 90% of the variation in data is explained by the 

fitted model [6]. Usually a R
2
-value of at least 0.7 is recommended [2]. The trend line that can be 

calculated with this, is the way to calculate the relation between the desk and the reference desk. 

This is done with equation (1). The a and b values are the coefficients in the function which are 

calculated by the trend line of the relation measurements. 

 

    
Figure 8: Example of the determination of the trend line and R

2
-value. Left a low R

2
-value and therefore a bad 

fit, right a high R
2
-value and therefor a good fit. 
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Since this research focusses on an open-plan office, only desks were taken into account that were in 

an open-plan office. Most of the desks met this requirement, however there were also rooms that 

only had one or two desks. These desks (112 out of 468 desks, 24%) were taken out of the analysis.   

After the first set of relation measurements performed in November, the validation studies showed 

that calculating the trend lines based on three measurements did not fit with the real situation, 

even when the R
2
-value was above 0.7. Therefore, relation measurements were repeated in March 

and in May. In November and March, only the desks that were used during the questionnaire in 

November were measured. In May, all desks were measured. The amount of times that relation 

measurements were performed on a desk is shown in Appendix D. In May measurements were also 

done in front of a window. Calculations based on the relation measurements in November and May 

were compared to each other, just as the measurements at the reference desks and the reference 

window places in May. Another point was on what aspect to link the desks to the reference desks. 

Options were (1) the orientation of the building, (2) the view orientation of the desks, (3) the floor 

that the desks are on, (4) the sun shading devices and (5) if there was a window in the view 

direction of the desk or not. However, only the first three aspects could be considered because the 

reference desks did not give enough information on the last two aspects.  

All the first calculations were done based on the total measured illuminance. The daylight changes 

during the day, while the electrical light stays more or less the same during this day. Because of 

this, calculations were made only considering the daylight (DL) part of the measurements. For this, 

the assumption was made that if the measured illuminance level is higher than the illuminance level 

at that certain desk by electrical light (EL), the total measured illuminance level is build up by both 

daylight and electrical light. That means if the electrical illuminance level is subtracted from the 

total illuminance level, the daylight part is left. If the total illuminance level is lower than the 

electrical illuminance level, this means that the electrical light is off and the measured illuminance 

level is the daylight part. Figure 9 gives a schematic overview of the calculation of the daylight part.  

 
Figure 9: Schematic overview of the calculation of the daylight part 

Three relation measurements are not sufficient to make a trend line that fits with the measured 

data. Preferred is at least five relation measurements. Because of this, another trend line is 

calculated based on nine relation measurements (three in November, three in March, three in 

May). Since these relation measurements were done under different weather conditions, the nine 

relation measurements were grouped to either a day with sun or a day with less sun. This division 

was based on the amount of sunshine duration on a day. The Royal Netherlands Meteorological 

Institute (KNMI) gives information about the weather conditions in the Netherlands. Among that 

information is the sunshine duration on a day (in 0.1 hours). Used is weather station 215 in 

Voorschoten, which is the closest one to Alphen aan den Rijn (about 23 km). For this research, a day 
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with sun was defined as a day on which the sun duration is at least half of the day time for that day. 

A day with less sun was defined as a day on which the sun duration is less than half of the day time 

for that day. Required was at least five measurements to take the desk into account. No desk had 

five or more measurements during a day with less sun, so only days with sun are considered.  

Table 2 shows the different ways to calculate the illuminance at desk level and what is compared to 

each other. It also gives information about the circumstances. 

Table 2: Different ways to calculate the illuminance at desk level compared to each other (with details about 

the circumstances) 

Comparison Month 

measured 

Total light 

measured/ 

daylight 

Aspect to 

link desk to 

reference 

desk 

Number of 

measurements 

used for 

calculations 

Reference 

measurements 

at desk or 

window 

Comparison 1: 

November  

vs May 

November 

vs May 

Total light 

measured 

Orientation 

building 

3 Desk 

Comparison 2: 

Desk  

vs window 

May Total light 

measured 

Orientation 

building 

3 Desk  

vs window 

Comparison 3: 

Daylight  

vs total light 

measured 

May Total light 

measured 

vs daylight 

Orientation 

building  

vs floor 

3 Desk  

vs window 

Comparison 4: 

9 Measurements  

vs 3 measurements 

All 

vs May 

Total light 

measured 

vs daylight 

Orientation 

building 

9 

vs 3 

Desk 

Comparison 5: 

Orientation building 

vs view orientation  

vs floor 

May Total light 

measured 

Orientation 

building  

vs view 

orientation 

vs floor 

3 (based on a 

sample of 37 

desks) 

Desk  

vs window 

The hypothesizes are that (1) the orientation of the building is the best aspect to link the desks to 

the references, that (2) it is best to link the desks to the reference places in front of the window 

instead of the reference desks, that (3) considering only the daylight part is better than using the 

total light measured and that (4) using 9 measurements has a higher accuracy than using 3 

measurements and therefore is preferred.  

Another small study is also done on another method of calculating the individual vertical 

illuminance. The method described earlier used the illuminance level of the reference place in front 

of a window to determine the relationship between this place and a desk (see equation 1). For this 

new method, the relationship between a desk and the maximum illuminance level at that reference 

place was calculated. To calculate the maximum illuminance level at a reference place, all 

measurements (so for all ten measured days) were plotted, see figure 10. The maximum is 

determined by calculating a maximum per minute considering all data of the ten days (so for all ten 

measured days, considering the maximum value per minute).  
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Figure 10: Graph with all measurements for reference 2.1 facing west. The red line indicates the maximum for 

this reference place. 

As can be seen in figure 11, every measurement can be linked to the maximum of the graph. This 

can be done by using equation 2. Here, Ereference,max is the maximum illuminance level at the 

reference place and fweather is the percentage of what the illuminance measured is of the maximum 

illuminance level.  

 

 
Figure 11: Maximum of reference 2.1 (facing west) with three measurements for a certain desk.  

For every desk three relation measurements were done in May. The a and b (of equation 3) were 

calculated the same way as they were calculated earlier, but now using the maximum illuminance 

instead of the measured illuminance of the reference place. With this, the relation between the 

desk and the maximum illuminance of the reference place can be calculated for the times that are 

considered.  
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For this study, the maximum per minute was calculated in order to get the maximum line in the 

graph. In addition to this, the calculated maximum per 5, 10 and 20 minutes are considered too. 

3. Results 

This chapter gives the results from the measurements done in November and May.  

3.1 Results comparison 

Figures 12-16 show the results from the comparison of the different ways to calculate the 

illuminance at desk level. This is expressed in the percentage of the desks that have a R
2
-value of 

above 0.7 for the vertical or horizontal illuminance. Sometimes a sub-comparison is made. For 

example when comparing how to link a desk to a reference desk, not only considered is the 

orientation of the building and the view orientation, but this is also done for both the method with 

a reference desk and the method with a reference place in front of the window.  

 
Figure 12: Comparison 1 (between measurements done in November and in May, see table 2 for detailed 

description of the variables/constants). This figure shows the percentage of Ev or Eh of the desks with a R
2
-

value of >0.7 to calculate the illuminance at desk level. 
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Figure 13: Comparison 2 (between references at a desk or at a reference place in front of a window, see table 

2 for detailed description of the variables/constants). This figure shows the percentage of Ev or Eh of the desks 

with a R
2
-value of >0.7 to calculate the illuminance at desk level. 
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Figure 14: Comparison 3 (between considering only the daylight part or the total light measured, see table 2 

for detailed description of the variables/constants). This figure shows the percentage of Ev or Eh of the desks 

with a R
2
-value of >0.7 to calculate the illuminance at desk level. 

 
Figure 15: Comparison 4 (between 9 measurements or 3 measurements done in May, see table 2 for detailed 

description of the variables/constants). This figure shows the percentage of Ev or Eh of the desks with a R
2
-

value of >0.7 to calculate the illuminance at desk level.  
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Figure 16: Comparison 5 (between linking the desks to the references based on their orientation in the 

building, the orientation of their view or on which floor they are situated, see table 2 for detailed description 

of the variables/constants). This figure shows the percentage of Ev or Eh of the desks with a R
2
-value of >0.7 to 

calculate the illuminance at desk level. 

Table 3 shows the R
2
-values based on either the measured illuminance levels of a reference in front 

of a window or based on the maximum illuminance level of a reference in front of a window. For 

this last part, different options were tested. Considered are the maximum every 1, 5, 10 and 20 

minutes. As can be seen in the table, the new method does not always increase the R
2
-value. 

However, considering the maximum per 20 minutes increased the R
2
-value the most (6 out of 10 

times). 

Table 3: The R
2
-value of a sample of desks. Column 2 indicates the R

2
-value based on three relation 

measurement and three measured illuminance levels of the reference place in front of a window. Columns 3, 

4, 5 and 6 indicate the R
2
-value based on three relation measurements and three maximum illuminance levels 

of the reference place in front of a window. Green indicates a higher R
2
-value, red indicates a lower R

2
-value. 

Desk R
2
 based on 

window reference 
R

2
 based on maximum window reference 

Max per 1 min Max per 5 min Max per 10 min Max per 20 min 

244 0,946 0,983 0,985 0,992 0,992 

233 0,760 0,457 0,597 0,599 0,833 

49 1,000 0,580 0,676 0,529 0,528 

229 0,847 0,560 0,662 0,589 0,532 

237 0,904 0,945 0,943 0,954 0,994 

241 0,660 0,771 0,760 0,787 0,815 

249 0,524 0,313 0,327 0,273 0,233 

420 0,008 0,006 0,005 0,005 0,063 

427 0,015 0,006 0,945 0,775 0,684 

432 0,901 0,611 0,067 0,634 0,0004 
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3.2 Validation study 

Multiple validation studies are performed. First, in November, a validation study is done using the 

calculations with only the relation measurements from November, where the desks are linked to 

the reference desks based on their orientation in the building. In May, the same validation study is  

repeated based on the relation measurements of May, where the desks are linked to the reference 

window places based on their orientation in the building. Table 4 shows the results from these 

validation studies in November (table 5 shows this for May). The first 5 columns give information 

about the reference desks/places in front of a window. The last 8 columns give information about 

the desks that are linked to these reference desks/places in front of a window, and which are 

measured during the validation study. The percentage of deviation is calculated between the 

measured illuminance and the calculated illuminance. From this, the median and average is 

calculated.  

 

Table 4: Results from the validation study in November 

Refer-

ence* 

Floor Orien-

tation 

View 

orien-

tation 

Distance 

to 

window 

Desk Percentage of deviation 

[%] 

Floor  View 

orien-

tation 

Distance 

to 

window Median Average 

 Ev Eh Ev Eh 

2.1 2 W NW 1.6 m 250 32 - 35 - 2 NE 2.1 m 

233 45 361 44 342 2 SW 2.8 m 

259 103 - 105 - 2 W 12.1 m 

50 51 - 47 - 1 SW 6.6 m 

2.2 2 E SE 5.8 m 177 281 636 382 875 2 N 5.1 m 

212 87 100 117 100 2 NE 8.1 m 

408 60 196 55 229 3 N 10.6 m 

392 1841 8175 2578 10572 3 E 41.6 m 

406 73 126 69 135 3 S 2.8 m 

3 3 SE NW 2.2 m 360 31 24 35 30 3 N 2.5 m 

142 396 579 655 1010 2 NE 34.6 m 

156 3 - 28 - 2 SW 12.9 m 

365 556 1628 826 3299 3 NE 11.4 m 

341 363 3648 594 6432 3 SW 40.7 m 

* The first number indicates the floor that the reference was on. If there is a second number this means that 

there are multiple measurement equipment on this floor and it indicates which one it is. 
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Table 5: Results from the validation study in May 

Refer-

ence* 

Floor Orien-

tation 

View 

orien-

tation 

Distance 

to window 

Desk Percentage of 

deviation [%] 

Floor  View 

orien-

tation 

Distance 

to window 

Median Average 

 Ev Eh Ev Eh 

0+ 0+ W W 2.6 m 124 115 - 254 - 2 NE 21.6 m 

674 - 69 - 129 0+ W 8 m 

2.1 2 W W 0.9 m 233 49 - 49 - 2 SW 2.8 m 

259 7 29 8 29 2 W 12.1 m 

50 - 31 - 36 1 SW 6.6 m 

2.2 2 E E 0.2 m 177 399 - 1004 - 2 N 5.1 m 

406 154 460 96 643 3 S 2.8 m 

408 129 87 163 778 3 N 10.6 m 

3 3 SE S 0.7 m 360 36 - 24 - 3 N 2.5 m 

156 - 4 - 4 2 SE 12.9 m 

4 4 SW W 0.4 m 312 37 - 39 - 3 W 8.1 m 

328 - 75 - 75 3 NE 20.3 m 

* The first number indicates the floor that the reference was on. If there is a second number this means that 

there are multiple measurement equipment on this floor and it indicates which one it is. 

4. Discussion 

The results in general show that there is not much difference between all the different options to 

calculate the individual light levels with (usually around 10%). When all nine measurements are 

taken into account instead of only three, however, the number of desks that can be considered is 

way lower. The calculations of these desks have a higher accuracy and therefore the data is more 

useful. However, this gives a lower number of desks that can be used for further analysis. The 

validation study shows as well that using only three relation measurements for the calculations is 

not accurate. Therefore using all nine measurements is the chosen method to calculate the 

individual desk levels. The reference desks are used and they are linked to all the other desks based 

on their orientation in the building. Only the daylight part of the measurements are considered for 

the calculations. This is not based on the results, since these do not really give a best option. It is 

based on hypotheses mentioned earlier. 

The results from the validation study show that the calculations based on only three measurements 

done in November with a reference desk and only three measurements done in May with a 

reference place in front of a window is not an accurate way of calculating the individual light levels 

for the desks.  

 

One of the most critical points is the determination of a day with sun or a day with less sun. Right 

now, this is set at sun duration of at least half of the day time. This is, however, not based on 

literature since there is no classification of this. Another determination could have a different 

outcome. Another influence is that the weather station, from which the information is used, is not 

situated in Alphen aan den Rijn.  
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Both the total light measured and the daylight part are considered. Some assumptions are made for 

the calculation of this daylight part. First of all, it is assumed that the electrical light is either turned 

on or off. This is however not the case for this building. The building has different zones of light, 

which means that one zone could be off and another zone could be on. Unfortunately there is no 

recording in the city hall office of the electrical light. For these calculations it is assumed that most 

of the time only one of the zones has the most influence of the electrical lighting on the desk, and 

therefore it is treated like the electrical lighting is either on or off. Another point is that the 

calculations assume that if the total light measured is higher than the electrical light value, the 

electrical light is on. It is also possible that the electrical light is not on and the measured light levels 

are still above the electrical light level. It is assumed that if the light measured is higher than the 

electrical light level, the electrical light can be subtracted to find the daylight part. 

The relation measurements took place during working hours. The people moved aside for a minute 

for the measurement equipment to take their place behind the desk. This means that all their 

belongings were still on their desks. It is also possible that their monitor was still on while 

measuring, which could influence the results with +/- 50 lx [7]. During the relation measurements, 

not all desks were occupied. 

The sun shading devices gave the same problem as the sensor-based electrical light. Most of the 

windows have their own sun shading device. This can either be operated by the user self or by 

calling to the security which then puts the sun shading device up or down. This means if for 

example the sun shading device is up at the reference desk but down during the relation 

measurements at a certain desk, a different circumstance is measured. Since there is no 

information known on when exactly the sun shading devices were up or down, this could not be 

taken into account. However, this could have a huge influence on the measurements. 

This research focusses only on finding a linear correlation between the desks and the references. It 

can, however, also be the case that there is a relation between the desks and references which is 

not linear, such as for example ax
2
 + bx + c. 

For this research measurements were done in November, March and May. During the relation 

measurements of November and March, only the desks that were used during the questionnaire 

were measured. At that moment, it was assumed that only three relation measurements would be 

used to calculate the trend line and it was therefore no problem to measure only the desks that 

were used during the questionnaire. During May, all desks in the building were measured. The 

problem is that the more measurements are performed, the more accurate the determination of 

the relationship between the desk and the reference desk can be. Therefore, later on it was 

decided to take into account all nine relation measurements to calculate the trend line in order to 

have a more accurate calculation. This meant that almost half of the desks couldn’t be taken into 

account, since they were only measured during May and not measured during November and 

March. Even though this means that less desks can be used for further analysis, the calculations of 

these desks have a higher accuracy. The measured data of these nine measurements are divided 

into either a day with sun or a day with less sun. This means that for the calculations, usually less 

than 9 measurements could be used. A minimum of 5 measurements was required to ensure that 

the accuracy was still guaranteed.  
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The method based on the maximum illuminance level is now based on only the maximum of the 

data shown in figure 10. Originally the idea was to link a measurement to either the maximum or 

the minimum, based on which is closest by. This could not be studied with this research because 

there are only three relation measurements performed in May. This would mean that if these 

measurements would be linked to either the maximum or the minimum illuminance level, this 

would lead to less than three relation measurements to calculate the relation with. This cannot be 

done and therefore only linking to one of them, the maximum illuminance, is chosen. It is expected 

that using more relation measurements and linking these to the maximum or minimum illuminance 

might give better results. This study only took into account a sample of 10 desks that are linked to 

one of the reference places in front of a window. More research should be done on this new study 

considering more desks and looking into all orientations. 

5. Conclusion 

It is recommended to use the continuous measurement at the five reference desk, considering only 

the daylight contribution and linking all the desks to the reference desk based on their orientation 

in the building. The calculations will use nine measurements (done in November, March and May) 

to calculate the R
2
, from which the measurements are divided into either a day with sun or a day 

with less sun. Even though it gives the least amount of usable desks for further research, and 

therefore it is harder to do more research with this number of data, this method is chosen as a 

reliable method for this case study. 

6. Recommendations for further research 

This part of the report shows that it is hard to find a sufficient method for measuring and 

calculating at personal desk level for this case study. Other research [8] showed, however, that 

there is a significant correlation between the window distance and the vertical illuminance 

measured at eye level. More research should be done in this building to gather more information 

on a reliable method to measure and calculate light levels at personal desk level. A 

recommendation is to measure every desk from the start instead of only measuring desks that are 

used, even when the method at that time does not need every desk to be measured. When later is 

found that the method is not working as planned, all desks can still be taken into account. This 

approach would have given much more data to use for part B of this report. Another 

recommendation is investigating the method where the R
2
-value is based on the maximum 

illuminance level of a reference place in front of a window, considering more desks and more 

orientations. Also more relation measurements can be done in order to link the relation 

measurements to either the maximum or minimum illuminance level instead of only to the 

maximum illuminance level. 
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Part B 

1. Introduction 

The working population spend 50% of their awake time working at the office (based on an eight 

hour work day and 8 hours of sleep). This time usually falls between the dawn and dusk times which 

means they spend most of the daylight period inside their office building. The employees, and their 

supervisors, want to use their time as efficient as possible. One of the factors that influence how 

efficient they work is their alertness during the work day. Alertness is assessed in different ways, 

such as performance tests which measure reaction times, measures of heart rate, or validated 

questionnaires such as the KSS-questionnaire (Karolinska Sleepiness Scale) [9]. For this, a 10-point 

scale is used to self-report sleepiness with response options from 1 (extremely alert) to 10 

(extremely sleepy – fighting sleep).  

Literature shows a lot of research has already been done on the relation between illuminance levels 

and alertness. Some studies [10, 11, 12, 13] show that high lighting conditions (1000 lx at eye level) 

instead of low lighting conditions (200 lx at eye level) made the participants feel more alert and 

energetic. A research by Kaida et al [14] showed that exposure to more than 2000 lx by daylight in 

the early afternoon increased alertness. Some studies [14, 15, 16] show that individuals may benefit 

in terms of subjective alertness, mood and sleep quality from higher illuminance levels during 

daytime and under normal working day conditions. Another study, by Corbett et all [17], showed 

that one hour of exposure to bright, white light in the morning has effect on the sleep and wake-up 

parameters, as well as the cognitive performance and alertness. Ruger et al [12] found a positive 

effect on alertness when people are exposed to 5000 lx at 12.00 and 16.00 h. A field study by 

Smolders et al [18] has shown alerting effects of bright light on healthy day-active persons during 

regular working hours. A direct link between exposure to more intense light and feelings of vitality 

was found during daytime and in everyday situations. It showed that hourly light exposure was a 

significant predictor for feelings of vitality, indicating that if people are exposed to more light they 

experience a higher feeling of vitality.  

As can be seen, most of these studies focus mainly on high illuminance levels for a short amount of 

time in relation to alertness. Almost no research is performed investigating the impact of the 

current office lighting conditions on employee’s alertness. This information is highly relevant, 

because it might help improving office lighting conditions; and therefore, improving the work 

efficiency of office workers by increasing their alertness levels. 

A factor that is known for influencing the alertness is seasonal changes. A more serious variant of 

this influence of seasonal changes is the disease SAD (Seasonal Affective Disorder). People with SAD 

tend be to be sensitive in autumn to the decrease of available light [19]. SAD can be described as a 

mood disorder characterized by recurrent episodes of depression with a seasonal pattern [20]. The 

amount of people that suffer from SAD is not clear. Studies by Levitt et al and Blazer [21, 22, 23] 

state that between 0.4% and 2.7% of the general population of Canada and the United Stated suffer 

from SAD, while another study by Golden et al [24] says between 2% and 10% of the people in 

Europe and North America suffer from SAD. Amongst adults the frequency of SAD is raised, 

compared to childhood [25, 26]. This increase has been linked by Swedo et al [25] to the strong 

hormonal changes that occur during this period. Women are also more likely to have SAD than men 

– the ratio of women/men is about four/one [27, 28]. SAD can be tested by a Seasonal Pattern 
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Assessment Questionnaire (SPAQ), which is the most widely used self-reporting questionnaire for 

SAD [29]. Other factors that are known for influencing the alertness are if someone is light sensitive 

or not (based on a questionnaire used in an earlier study at Eindhoven University of Technology) 

and if someone has a morning or evening chronotype, which is measured with the Munich 

Chronotype Questionnaire (MCTQ) [9].  

2. Method 

Questionnaires were combined with illuminance measurements in order to try to find a relation 

between subjective alertness and illuminance levels.  

2.1 Research objective 

The main objective for this graduation project is to find the potential relation between vertical or 

horizontal illuminance levels and subjective alertness. This information can be used to improve the 

office lighting design and make the employees more alert. 

2.2 Research question 

Primary research question: What is the relation between the vertical or horizontal illuminance and 

subjective alertness in this open-plan office? 

Secondary research question: Does seasonal difference and light sensitivity influence this potential 

relation between light and alertness? 

2.3 Research methods 

In order to investigate the impact of office lighting conditions on alertness, measurements were 

performed in the city hall office of Alphen aan den Rijn during autumn and spring. Horizontal and 

vertical illuminance levels were measured with an Eltek light sensor, as well as the relative humidity 

and the temperature. During one 5-day workweek in November and two 5-day workweeks in May, 

questionnaires were distributed among the office employers who wanted to participate in the 

experiment. These measurements and questionnaire results were combined and it was studied if a 

relation between the alertness of the participants and the lighting conditions at their desks in the 

open-plan office could be found. The measurements took place in different seasons to see if there 

is an influence of the seasons on the potential relation. 

2.3.1 Prior to the experiments 

The questionnaires were based on a similar study [30] and can be found in Appendix E for the 

questionnaires of November. The questionnaires of May are the same as those of November but 

translated to Dutch. This was done because many people did not want to participate in November 

because of the language barrier. The questionnaires were modified to gain more information than 

during the previous study. An article was placed on the internal website of the office in Alphen aan 

den Rijn in order to inform the employees about the experiment and ask the employees to 

participate. Participants received a general questionnaire with demographic and health-related 

questions (based on the SF-36 [31]). About seven times a visit to the city hall office was made to 

inform, explain and recruit participants in person. This personal approach recruited most of the 

participants. Because of the flexible workplaces, stickers with desk numbers were placed on every 

desk in order to enable people to fill in the desk where they were working for each questionnaire. 
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This is necessary because the office uses a flexible workplace principle so nobody has their own 

desk. All participants signed an informed consent. The data was analyzed anonymously.  

2.3.2 Experiment November – Questionnaire during Fall 

Part A of this report explains how the light is measured. The questionnaires were distributed from 

Monday November 21
st

 until Friday November 25
th

. The digital questionnaires were distributed via 

email to the participants. The questionnaires were in English. The participants had to fill in a 

participant number, a password and the desk number of the desk where they were sitting during 

the questionnaire. They got the questionnaire four times a day during one workweek. Every day, 

the questionnaires were send at the same time and the participants were asked to complete the 

questionnaire within one hour after they received the questionnaire: 

* 9:00: KSS (Karolinska Sleepiness Scale) + questions about their sleep/awake time 

* 11:00: KSS  

* 14:00: KSS + questions about their activities during lunch time 

* 16:00: KSS + OLS (Office Lighting Survey, [32]) + questions about their activities after work 

2.3.3 Experiment May – Questionnaire during Spring 

In May, the experiment was repeated to see if there are seasonal differences in the outcomes. The 

same set up was used as in November. The questionnaires were translated to Dutch because many 

people did not want to participate in November because of the language barrier.  

2.3.4 Participants 

About 550 people work at a workplace at the city hall office of Alphen aan den Rijn. For the 

questionnaires in November, the following information is known: 

• 190 People (34.5% of the total number of employees) agreed to participate in the study. 

• 150 Participants (79%) filled in at least one questionnaire during the workweek and gave a 

useful participant number during those questionnaires.  

• In total, 1519 questionnaires were filled in during the workweek. 

• After using a filter to only take into account desks that satisfy the requirement of being in 

an open-plan office, together with only using desks that had a R
2
-value of above 0.7 for the 

Ev and/or Eh, 81 questionnaires (5.3 %) could be used. 

• In total, 212 different desks were used during the questionnaires. 

• After using a filter to only take into account desks that satisfy the requirement of being in 

an open office plan, 37 of the desks (17.5 %) could not be used to analyze. 

• In total 53 (25 % of total amount of filled in desks) could be used after taking into account 

desks that had a R
2
-value of above 0.7. 

For the questionnaires in May, the following information is known: 

• 198 People agreed  to participate in the study. 

• 87 Participants (44 %) filled in at least one questionnaire during the workweek and gave a 

useful participant number during those questionnaires.  

• In total, 1377 questionnaires were filled in during the two workweeks.  

• After using a filter to only take into account desks that satisfy the requirement of being in 

an open-plan office, together with only using desks that had a R
2
-value of above 0.7 for the 

Ev and/or Eh, 62 questionnaires (4.5%) could be used to analyze.  

• In total, 205 different desks were used during the questionnaires.  
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• After using a filter to only take into account desks that satisfy the requirement of being in 

an open office plan, 42 of the desks (20.5%) could not be used.  

• In total 31 (15% of total amount of filled in desks) could be used after taking into account 

desks that had a R
2
-value of above 0.7.  

Tables 6, 7 and 8 give an overview of the data in November and May. 

Table 6: Comparison of the participants in November and May 

What? Number of people 

In November In May 

All employees 550 550 

People that said to participate 190 198 

People that participated at least 1 time 150 87 

Table 7: Comparison of the desks in November and May 

What? Number of desks 

In November In May 

All desk at the city hall office 468 468 

All desks that are filled in 212 205 

Desks that are filled in and are in an open-plan office 175 163 

Desks that meet the requirements of an R
2
-value of above 0.7 53 31 

Table 8: Comparison of the questionnaire-data in November and May 

What? Number of questionnaires 

In November In May 

All questionnaires 1519 1377 

Questionnaires that meet the requirements of an open-plan 

office and having a R
2
-value of above 0.7 

81 62 

At the end of the workweek, an evaluation questionnaire was send to all employees. In this 

evaluation questionnaire the people that participated were asked why they participated and if they 

would want to participate in the second experiment as well. It is important to have many 

participants that participate both in November and May in order to investigate the difference 

between seasons. Out of the 126 people that completed this evaluation questionnaire and 

participated in the experiment, 59 people (46.8%) said they participated because they had 

complaints about the environmental conditions in the office. For 45 people (35.7%) the reason to 

participate was because they were interested in participating in a research, and 61 people (48.4%) 

just wanted to help. Employees that did not participate were asked why they did not want to 

participate. Out of the 120 people that completed this evaluation questionnaire and did not 

participate in the experiment, 33 people (27.5%) said they did not participate because they did not 

work enough at the city hall office to participate (they were asked to work at least three days in the 

building in order to get useful data). Almost a third of the people (38 people, 31.7%) said they did 

not have time to fill in the questionnaires.  
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In total 231 different people filled in the general questionnaire during either the experiment in 

November or the experiment in May. In total 109 females (59%) participated and 76 males (41%). 

People from the age of 19 until 67 participated – the average is 46.75 years with a standard 

deviation of +/- 11.66. Out of the 231 people, 177 people (76.6%) were tested as a morning 

chronotype and 6 people (2.6%) were tested as an evening chronotype. SAD is set in two different 

ways in the questionnaire – based on seasonal aspects and based on seasonal changes. Only when 

someone scores SAD-positive on both of these two parts someone is tested as SAD-positive. Only 3 

people (1.3%) are SAD-positive, while 50 people (21.7%) have a mild SAD score based on seasonal 

changes and 3 people (1.3%) have a mild SAD score based on seasonal aspects. Table 9 shows an 

overview of this information. About 25.5% (59 people) scored as light sensitive.  

Table 9: Overview of SAD-scores. 

What? Number of people  

All participants from the general questionnaire 231 

People tested as SAD-positive 3 

People tested as mild SAD-positive based on seasonal aspects 3 

People tested as mild SAD-positive based on seasonal changes 50 

Figure 17 shows the number of different desks that were used by the participants in November and 

in May. In November, 20 questionnaires were send, and in May 40 questionnaires. As can be seen, 

many participants (60,4% of the participants in November and 41,6% of the participants in May) 

only used one or two desks during the questionnaires. There are, however, many people that did 

work at multiple desks during the questionnaire. This shows that the workplaces are used flexible, 

however many people have a strong preference for certain desks. Only people that filled in at least 

two questionnaires were considered for these graphs. 

 

   
Figures 17: Graph of the number of different desks that participants used. Left: in November, right: in May. 

2.3.5 Analysis of the data 

Part A of this report showed that a reliable method to measure at every desk is using the 

continuous measurement at the five reference desk, considering only the daylight contribution and 

linking all the desks to the reference desks based on their orientation in the building. The 

calculations used nine measurements (done in November, March and May) to calculate the R
2
, from 

which the measurements were divided into either a day with sun or a day with less sun. The data 

was analyzed using the program IBM SPSS Statistics 22. With this program the potential relation 

between alertness and illuminance (both at the desk as well as the reference desk) was studied. 

This was researched by calculating the Kendall’s tau correlations two-sided with a significance        
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p-level of 0.05. This was done for all participants and controlled for the temperature and for the 

relative humidity at the reference desk.  

The test was also done per participant. The problem with using the KSS-questionnaire is that it is a 

self-reporting sleepiness test. This means that if someone rates their sleepiness at a certain level, 

someone else might feel more or less sleepy and still fill in the same level. Therefore, comparing the 

levels between participants is a problem. It is best to consider the individual fluctuations of the KSS-

score per participant than the overall data. Table 10 gives an overview of the hypotheses that are 

tested in SPSS. 

Table 10: Overview of the hypotheses tested in SPSS. 

Hypothese 

There is a relation between the vertical illuminance level and the alertness 

There is a relation between the horizontal illuminance level and the alertness 

A higher illuminance level gives a higher alertness 

The participants who are light sensitive (according to the questionnaire) react to the changes in 

amount of light 

The participants who are not light sensitive (according to the questionnaire) react less to the 

changes in amount of light than the participants who are light sensitive (according to the 

questionnaire) 

3. Results 

Table 11 shows the results of the Kendall’s tau two-sided correlation p-value. As can be seen, no 

significant relation is found. Table 12 shows the p-value when it is controlled for the temperature 

and for the relative humidity of the reference desks. Here, also no significant relation is found. 

Appendix F shows results from SPSS. 

Table 11: Kendall’s tau p-value, two-sided. The numbers are p-values of the correlation between the KSS 

score in either November and May, and the Ev, Eh, reference Ev and reference Eh. 

 Ev Eh Ev_reference Eh_reference 

KSS November ,458 ,018 ,476 ,184 

KSS May ,045 ,289 ,512 ,571 

Table 12: Kendall’s tau p-value, two-sided, controlled for the temperature and for the relative humidity. The 

numbers are p-values of the correlation between the KSS score in either November and May, and the 

reference Ev and reference Eh, controlled for either temperature or relative humidity. 

 November May 

Variables Controlled for 

temperature 

Controlled for RH Controlled for 

temperature 

Controlled for RH 

Ev_reference ,793 ,807 ,146 ,497 

Eh_reference ,934 ,529 ,789 ,481 

As explained in the method, the test is also done per participant. Table 13 shows the Kendall’s tau 

p-value, two-sided, per participant in November. Table 14 shows this per participant in May. This is 

only done for the people with at least three points of data, since less data already does not give a 

significant relation. Sometimes no number is given. This is because most desks had either a R
2
-value 

of above 0.7 for either the Ev or the Eh and not both. Then, only the Ev or the Eh can be considered. 

Table 15 gives an overview of the hypotheses and the results. 
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Table 13: Kendall’s tau p-value, two-sided, per participant for November. The numbers are p-values of the 

correlation between the KSS score in November, and the Ev, Eh, reference Ev and reference Eh. 

Participant Ev Eh Ev_reference Eh_reference 

3 ,602 - ,602 ,602 

22 - ,602 ,602 ,602 

92 - ,279 ,279 ,279 

104 1,000 - 1,000 1,000 

123 ,439 - ,439 1,000 

151 - ,655 ,655 ,655 

152 1,000 - ,718 ,718 

158 - ,221 ,221 ,221 

175 - ,174 ,174 ,174 

Table 14: Kendall’s tau p-value, two-sided, per participant for May. The numbers are p-values of the 

correlation between the KSS score in May, and the Ev, Eh, reference Ev and reference Eh. 

Participant Ev Eh Ev_reference Eh_reference 

3 ,157 - ,380 ,380 

5 ,180 ,025 ,025 ,025 

24 - ,880 ,650 ,880 

101 - ,330 ,845 ,845 

141 - ,071 ,279 ,071 

151 ,782 ,180 ,782 ,782 

424 ,180 - ,180 ,180 

Table 15: Overview of the hypotheses and the results. 

Hypothese Results 

There is a relation between the vertical illuminance level and the 

alertness 

There is no relation found 

There is a relation between the horizontal illuminance level and the 

alertness 

There is no relation found 

A higher illuminance level gives a higher alertness This could not be tested 

because there was no 

relation found 

The participants who are light sensitive (according to the 

questionnaire) react to the changes in amount of light 

This could not be tested 

because there was no 

relation found 

The participants who are not light sensitive (according to the 

questionnaire) react less to the changes in amount of light than the 

participants who are light sensitive (according to the questionnaire) 

This could not be tested 

because there was no 

relation found 

4. Discussion 

One of the limitations of this study case is that there was a limited amount of data that could be 

used to research the potential relation between alertness and light. In this case study it was chosen 

to use the method for calculation with the highest accuracy, because the accuracy was chosen as 

more important than the limited amount of data that was left for analysis. This makes it, however, 

much harder to find a potential relation. Therefore this result cannot be seen as a result for the 

relation of alertness and light in general. Considered were also other methods for calculation, and 

even though they would leave much more data to analyze, it would also mean a lower accuracy. 
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This study only focused on the entire population and on the alertness per participant. The group 

could be divided in subgroups based on their gender, age, if they are SAD sensitive or not, if they 

are a morning or an evening chronotype or neither of them, if they are light sensitive or not and on 

the number of different desks they used. This could not be done during this research because there 

was an limited amount of data that could be used. If this limited amount of data would be divided 

into subgroups, the amount of data per subgroup would be too little to analyze. 

Almost half of the people who participated in the study and filled in the evaluation questionnaire 

says they participated because they had complaints about the environmental conditions in the 

building. Their answers during the questionnaire might be a bit colored by their complaints. When 

walking around in the building, it was found that most people have small to big complaints about 

the environmental conditions. It is a known problem in this particular building. However, it should 

be noted that these complaints can have an influence on the answers given to the questionnaires. 

Alertness can be assessed in different ways, as the introduction already showed. The results already 

discussed the problem with using the KSS-questionnaire. Other ways to measure alertness, such as 

measuring the reaction time or heart rate are also possible. These, however, ask for more 

involvement from the participants than a questionnaire does. It is also harder to examine this in this 

case study, where during a workweek multiple participants have to be measured for four times a 

day during the same time span of an hour. 

5. Conclusion 

In total, 231 people completed the general questionnaire. More than half of them (59%) was 

female. The average age was 47 years. Of the 231 people, only 3 tested positive for SAD, 59 were 

tested as light sensitive, 177 were tested as a morning chronotype and 6 were tested as an evening 

chronotype. In November 150 people participated, in May 87 people.  

For this case, no significant relation is found. The problem with this case study is that chosen is to 

use a method that has a higher accuracy but leaves a limited amount of data. The less data can be 

used, the harder it is to find a significant relation. This is most likely the reason that no significant 

relation can be found for this case study. A lot of research is done to choose a certain method, see 

part A. Even though it gives a limited amount of data, the accuracy of the data was found more 

important. 

6. Recommendation for further research 

In order to have more data to be able to find a potential relation, more light measurements should 

be done. With these more light measurements, more data can be used to find a relation between 

the illuminance level and alertness. If there is more data to analyze, the group can also be divided 

into subgroups based on their gender, age, if they are SAD sensitive or not, if they are a morning or 

an evening chronotype or neither of them, if they are light sensitive or not and on the number of 

different desks they used. A recommendation to recruit participants is to do it in person. By putting 

a message on their internal website, called intranet, not a lot of people were recruited. However, 

when walking around in the building for a few days, most of the participants were recruited. 

Recommended for further research in which participants are needed is to personally recruit them. 
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Appendix A Planning 
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Appendix B Measurementplan 
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Assignment definition 

The working population spend 50% of their awake time working at the office (based on an eight 

hour work day and 8 hours of sleep). This time usually falls between the dawn and dusk times which 

means they spend most of the daylight period inside their office building. More and more offices 

are making the switch from individual offices to open-plan offices. This landscape layout, however, 

means that there are large differences in the environmental conditions and that these are also 

harder to control by machines. This is a reason to not look into an average of measurements but to 

look at individual workplaces. Another reason to look at individual workplaces is the grid of 

luminaires. Usually open-plan offices are designed as a regular grid of luminaires [1]. This is done to 

meet local regulations, building codes and design guidelines. However, this lighting design usually 

does not take into account the design of the workplaces, or for example the fact that this design of 

workplaces can easily be changed in an open-plan office. As a result, not only the daylight levels as 

well as the electrical light levels are different for each desk.  

For this research, measurements are done in the city hall office of Alphen aan den Rijn. This 

building consists of 5 levels (called 0, 0+, 1, 2, 3 and 4). The ground floor is used as city hall and is 

open for the public. Therefore, this floor will not be taken into account for the research.  The floors 

of the building are shaped in a triangle with a large atrium on the south side. The building uses the 

principle of an open-plan office, where different departments are separated from each other by low 

furniture. The employees have flexible work spaces, which means everyone can sit anywhere in the 

building and have no own desk.  Workplaces are distributed over the whole floor, which means that 

they are in all the orientations. This makes it difficult to measure in this building, since there are 

many influences that make all the workplaces different from each other. For this reason, part A of 

the report is made. 

Employees, and their supervisors, want to use their time as efficient as possible. One of the factors 

that influence how efficient they work is their alertness during the work day. Alertness is assessed 

in different ways, such as performance tests which measure reaction times, measures of heart rate, 

or validated questionnaires such as the KSS-questionnaire (Karolinska Sleepiness Scale). For this, a 

10-point scale is used to self-report sleepiness with response options from 1 (extremely alert) to 10 

(extremely sleepy – fighting sleep) [2].  

Much research has already been done on the relation between light exposure and alertness. Some 

studies [3, 4, 5, 6] show that high lighting conditions (1000 lx at eye level) instead of low lighting 

conditions (200 lx at eye level) made the participants feel more alert and energetic. A research by 

Kaida et al [7] showed that exposure to more than 2000 lx by daylight in the early afternoon 

increased alertness. Some other studies [7, 8,9] show that individuals may benefit in terms of 

subjective alertness, mood and sleep quality from higher illuminance levels during daytime and 

under normal working day conditions. As can be seen, most of these studies focus mainly on high 

levels of light exposure for a short amount of time in relation to alertness. Almost no research is 

performed investigating the impact of the current office lighting conditions on employee’s 

alertness. This information is highly relevant, because it might help improving office lighting 

conditions; and therefore, improving the work efficiency of office workers by increasing their 

alertness levels. 
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A factor that is known for influencing the alertness is seasonal changes. People with SAD (Seasonal 

Affective Disorder) tend be to be sensitive in autumn to the decrease of available light [10]. SAD can 

be described as a mood disorder characterized by recurrent episodes of depression with a seasonal 

pattern [11]. The amount of people that suffer from SAD is not clear. Studies by Levitt et al and 

Blazer [12, 13, 14] state that between 0.4% and 2.7% of the general population of Canada and the 

United Stated suffer from SAD, while another study by Golden et al [15] say between 2% and 10% 

of the people in Europe and North America suffer from SAD. Amongst adults the frequency of SAD 

raised, compared to childhood [16, 17]. SAD can be tested by a Seasonal Pattern Assessment 

Questionnaire (SPAQ), which is the most widely used self-reporting questionnaire for SAD [18]. 

Other factors that are known for influencing the alertness are if someone is light sensitive (based on 

a questionnaire used in an earlier study at the Eindhoven University of Technology) or not and if 

someone has a morning or evening chronotype, which is measured with the Munich Chronotype 

Questionnaire (MCTQ) [18].  

The aim of this graduation project is to investigate the potential relation between light and 

alertness in an open-plan office. With this information, improvements can be made in office lighting 

designs in order to increase employee’s efficiency by making them more alert. 

Research Question 

Primary research question: What is the relation between light and alertness in an open-plan office? 
Secondary research questions: 

- What is a reliable method to measure the lighting conditions for every desk? 

- What other aspects, such as seasonal difference and light sensitivity, influence this 

potential relation between light and alertness and how do they influence it? 

 

Research objective 

The main objective for this graduation project is to find a reliable method to measure the lighting 

conditions for every desk in an open-plan office. With this information, the potential relation 

between light and alertness can be researched. This information can be used to improve the office 

lighting design and make the employees more alert. 

Scientific relevance of research 

Presently, most research mainly focus on either the office lighting conditions and the amount of 

light that is needed for certain tasks, or they focus on the dose-response curve to gain alertness. 

Almost no research is performed to investigate how the situation is right now regarding the office 

lighting conditions and the alertness of employees. Therefore, this research will be performed to 

gain more information on this specific topic, and can be repeated in different countries and 

different companies to generalize the potential conclusion. In order to gain more information on 

this specific topic, a good method to measure at every desk is needed. This research will investigate 

what is a reliable method to measure the lighting conditions at every desk and therefore will give 

information for further research on what method to use for this kind of research. 
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BPS relevance of research 

Building Physics and Services focusses partly on the quality of life of human beings inside buildings. 

Since people spend a large amount of their time in an office, it is important to also focus on the 

environmental conditions inside offices. This research has the aim to investigate the impact of 

office lighting conditions on alertness and occupational health. By knowing the impact of office 

lighting conditions on employees, employee’s alertness and health can be improved.  

Research method 

In order to investigate the impact of office lighting conditions on alertness and occupational health, 

measurements will be performed in the municipality of Alphen aan den Rijn during autumn. 

Horizontal and vertical illuminance levels will be measured by an Eltek light sensor (see Figure 1), as 

well as the relative humidity and the temperature. During one 5-day workweek, questionnaires will 

be distributed among the office employers who want to participate in the experiment. These 

measurements and questionnaire results will be combined and it will be studied if a correlation 

between the alertness of the participants and the lighting conditions at their desks in the open-plan 

office can be found. The data will be analyzed using the software program SPSS.  

  
Figure 1: Eltek LS50 Light puck and data logger which is connected to it 

After this, more elaborative analysis will be performed on the obtained data so different 

correlations can be found. The experiment will be repeated in spring in the same building, in order 

to investigate potential seasonal differences. 

Prior to the experiments: 

The new Eltek light sensors need to be calibrated to determine their accuracies. The light sensors 

are calibrated using a reference meter, the Hagner light sensor. This will be done for the range 

between 50 and 20.000 lx, because a dark day is about 100 lx and indirect sunlight is about 20.000 

lx [19]. The steps of the calibration are as followed: 50, 125, 200, 400, 600, 800, 1000, 1200, 1400, 

1600, 1800, 2000, 2200, 2400, 2600, 2800, 3000, 5000, 10.000, 15.000 and 20.000 lx. The 

calibrations are performed using an Ulbricht Sphere, see figure 2. Different lamps will be used in 

order to eliminate the influence of different correlated color temperatures. The illuminance level of 

the lamps will be adjusted by changing the amount of voltage. First, the Hagner light sensor will be 

used to measure the illuminance level. Then, the Eltek light sensor will measure under the same 

luminous conditions l. After this, the results from the Eltek light sensor and the Hagner light sensor 

will be compared so the calibrated Eltek light sensor can be used during the experiment. For this 

calibration, extra rings will be added to the Hagner light sensors, as can be seen in Figure 3. This is 

done in order to get the Eltek and Hagner light sensor at the same location in the opening of the 

Ulbricht Sphere. 
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Figure 2: The Ulbricht sphere used for calibrations                  Figure 3: Hagner light sensor 

Experiment 1: 

The required measurement instruments will be transported to the office in Alphen aan den Rijn on 

Tuesday November 8
th

. In the municipality building, the Eltek light sensors will be installed at five 

different locations. A memo will be put on all the tripods to ensure that the employees will not 

touch the measurement devices throughout the whole measurement period and that they keep the 

devices plugged in in the sockets. The devices should be placed in such a way that no shadow will 

fall over it, for example by devices, furniture or persons. Figure 4 shows the measurement set-up. 

The two Eltek light sensors will be placed in the tripod in such a way that the vertical illuminance 

will be measured at 1.25 meters height, facing the desk. The horizontal illuminance will be 

measured between 0.7 and 0.8 meters height and at 0.4 and 0.5 meters from the tripod, facing up. 

The arm with the light sensor that measures horizontally will be able to move between the given 

range, in order to adjust them to the desks used at the location. The tripods will be distributed over 

the different floors (floor 1, 2, 3 and 4) and to almost all of the orientations (west, south-west, east 

and south-east). They will be placed at unoccupied desks to ensure they will not be moved during 

the measurements. The maximum distance on a floor is 66 meter (see Figure 5).  

 
Figure 4: Set-up of the measurements at the location. 
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Figure 5: Floorplan of one of the four floors where measurements will take place, with the maximum distance 

between two measurement locations on one floor 

The electrical lighting in the office building responds to a daylight sensor and adjusts its lighting 

level according to this. In order to maintain a constant amount of electrical light, the sensors will be 

covered by a piece of tape in order to ensure they are continuously emitting the same maximum 

level. 

 

The horizontal and vertical illuminance will be measured continuously (each minute) at the five 

locations within the office building. The temperature and relative humidity will also be measured 

continuously (each minute) at the same place of the measurement locations for the illuminance 

levels. These measurements will take place from Tuesday November 8
th

 until Friday December 5
th

. 

The results will be analyzed a few times during the weeks, to ensure they are still functioning as 

expected. This will be done by a laptop with the computer program Darca. 

 

On Tuesday November 1
st

 an article will be placed on the internal website of the office in Alphen 

aan den Rijn in order to inform the employees about the experiment and ask them to participate. 

They are asked to send an email if they want to participate. When they do, they will receive a 

general questionnaire which asks them demographic and health-related questions. During the first 

week of the measurements (from November 12
th

 until November 16
th

), they are asked to sign an 

informed consent form to give permission to use their questionnaire data. Stickers with desk 

numbers are placed on all desks within the office building so people can fill in their desk numbers in 

the questionnaires. The stickers with the desk numbers should match the desk numbers given in 

the floor plan in the questionnaire. All participants will get their own participant number, as well as 

a password so they can fill in the questionnaires.  

The questionnaires will be distributed from Monday November 21
st

 until Friday November 25
th

. The 

questionnaires are created in a Google form and are distributed via email to the participants. The 

participants will have to fill in a participant number, a password and the desk number of the desk 

where they are sitting when filling in the questionnaire. They will get the questionnaire four times a 

day during one workweek. Every day the questionnaires are send at the same time and the 
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participants are asked to complete the questionnaire within one hour after they received the 

questionnaire: 

* 9:00: KSS (alertness scale) + questions about their sleep/awake time 

* 11:15: KSS (alertness scale) 

* 14:00: KSS (alertness scale) 

* 16:15: KSS (alertness scale) + OLS (Office Lighting Survey) + Indicate available light sources and 

estimate Daylight/Electrical light ratio 

 

At the end of the workweek, an evaluation questionnaire will be send to the participants. In this 

evaluation questionnaire the participants will be asked if they would want to participate in the 

second experiment as well, which will start in March.  

 

During the weekend of November 26
th

 and 27
th

, the different desk numbers that are filled in in the 

questionnaire will be analyzed. For these desk numbers, relation measurements will be done during 

November 28
th

 and December 5
th

. The relation measurements are performed to be able to relate 

the five continuous measurement locations to all other desks in the office landscape that are used 

by the participants. The relation measurements are performed three times, during the time-slots 

when the questionnaires were asked. The relation measurements are performed using the same 

tripod as the other measurements. This tripod should be placed at the same distance from the desk 

as the other tripods. Night measurements will also be performed for all the desks that are filled in 

during the questionnaire. Here, measurements are made when there is no daylight and only 

electrical light. This is done to be able to calculate the daylight/electrical light ratio for each desk. 

After the experiment, some validation studies will be done. For this, one of reference desk will have 

its continuous measurement equipment. The other 5 tripods with measurement equipment will 

also measure continuously at desks that will be linked to this particular reference desk.  

All the required measurement instruments to perform these measurements for this experiment are 

given in Table 2. 

Table 2: Required material – experiment 1 

Required material Amount Duration Date 

Eltek light sensors 6x2 3 weeks Tuesday November 8
th

 – Monday December 5
th

 

Data loggers for Eltek light 

sensor 

6 3 weeks Tuesday November 8
th

 – Monday December 5
th

 

RH + temperature sensors 

(which can be connected to 

Eltek loggers) 

6 3 weeks Tuesday November 8
th

 – Monday December 5
th

 

Transmitter/logger switch + 

USB port 

1 3 weeks Tuesday November 8
th

 – Monday December 5
th

 

Tripods 6 3 weeks Tuesday November 8
th

 – Monday December 5
th

 

Mutiple socket outlets 6 3 weeks Tuesday November 8
th

 – Monday December 5
th
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In addition to this, my own laptop will be used with the program Darca on it. In addition, 6 memo’s 

that say ‘Don’t move this equipment’, tape, stickers with the desk numbers, the general 

questionnaires, measuring tape and a camera will be transported to the experiment location. 

Experiment 2: 

Experiment 2 will be the similar to experiment 1. These measurements take place in March instead 

of November to see if there are seasonal differences in the outcomes. Instead of sending out 

questionnaires for one week, during experiment 2 the questionnaires will be send out for two 

weeks. Just as during experiment 1, five continuous measurements will take place at the same five 

desks. In addition, five continuous measurements will also take place in front of a window at a place 

close by one of the desk measurements. This is done to see which method works best. The choice 

of the second measurement method, in front of a window instead of at a desk, is based on earlier 

research at the university [20]. After the experiment, some validation studies will be done. For this, 

one of reference measurement places at the window will have its continuous measurement 

equipment. The other 5 tripods with measurement equipment will also measure continuously at 

desks that will be linked to this particular reference desk. 

All the required material to perform these measurements for this experiment are given in table 3.  

Table 3: Required material – experiment 1 

Required material Amount Duration Date 

Eltek light sensors 6x2 3 weeks Friday May 5
th

 – Saturday July 1
st

  

Hagner light sensors SD2 5x2 3 weeks Friday May 5
th

 – Saturday July 1
st

  

Dataloggers for eltek light sensor 6 3 weeks Friday May 5
th

 – Saturday July 1
st
 

Dataloggers for Hagner light sensors SD2 5 3 weeks Friday May 5
th

 – Saturday July 1
st
 

RH + temperature sensors 5 3 weeks Friday May 5
th

 – Saturday July 1
st

  

Transmitter/logger switch + USB port 1 for each 3 weeks Friday May 5
th

 – Saturday July 1
st

  

Tripods 6x2 3 weeks Friday May 5
th

 – Saturday July 1
st

  

Mutiple socket outlets 12 3 weeks Friday May 5
th

 – Saturday July 1
st

  

 

In addition to this, my own laptop will be used with the program Darca on it. In addition, 12 memo’s 

that say ‘Don’t move this equipment’, tape, stickers with the desk numbers, the general 

questionnaires, measuring tape and a camera will be transported to the experiment location. 
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Descriptive document 

Student responsible for this measurement plan 

Name Iris Moonen 

Student number 0783553 

Supervisors Ir. J. (Juliëtte) van Duijnhoven 

Prof. Dr.-Ing. Habil. A.L.P. (Alexander) Rosemann 

Prof. Dr. H.S.M. (Helianthe) Kort 

Advisors in the BPS lab ing. J.F.L. (Jan) Diepens 

W.J.M. (Wout) van Bommel 

Home address for 

insurance outside TU/e 

Duke Ellingtonlaan 3 

5629 RE Eindhoven 

Email address i.moonen@student.tue.nl 

Phone number 0031-655580037 

General information about the different devices 

Eltek Light sensor LS50 Developed by: Eltek Ltd., United Kingdom 

Experiment Set-up 

Experiment 1 and 2 

 

x 5 measurement locations 
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Overview of all required equipment 

 Required material Amount Duratio

n 

Date 

E
x

p
e

ri
m

e
n

t 
1

 

Eltek light sensors 6x2 3 weeks Tuesday November 8
th

 – Monday December 

5
th

 

Data loggers for Eltek light sensor 6 3 weeks Tuesday November 8
th

 – Monday December 

5
th

 

RH + temperature sensors (which 

can be connected to Eltek 

loggers) 

6 3 weeks Tuesday November 8
th

 – Monday December 

5
th

 

Transmitter/logger switch + USB 

port 

1 3 weeks Tuesday November 8
th

 – Monday December 

5
th

 

Tripods 6 3 weeks Tuesday November 8
th

 – Monday December 

5
th

 

Mutiple socket outlets 6 3 weeks Tuesday November 8
th

 – Monday December 

5
th

 

 

 Required material Amount Duratio

n 

Date 

E
x

p
e

ri
m

e
n

t 
2

 

Eltek light sensors 6x2 3 weeks Friday May 5
th

 – Saturday July 1
st

  

Hagner light sensors SD2 5x2 3 weeks Friday May 5
th

 – Saturday July 1
st

  

Dataloggers for eltek light sensor 6 3 weeks Friday May 5
th

 – Saturday July 1
st
 

Dataloggers for Hagner light sensors SD2 5 3 weeks Friday May 5
th

 – Saturday July 1
st
 

RH + temperature sensors 5 3 weeks Friday May 5
th

 – Saturday July 1
st

  

Transmitter/logger switch + USB port 1 for each 3 weeks Friday May 5
th

 – Saturday July 1
st

  

 Tripods 6x2 3 weeks Friday May 5
th

 – Saturday July 1
st

  

 Mutiple socket outlets 12 3 weeks Friday May 5
th

 – Saturday July 1
st
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Planning 

 

Experiment 1 

 

Week 1: 

Date  Task 

Tuesday November 1
st

  Calibration of Eltek light sensors 

Wednesday November 2
nd

  Calibration of Eltek light sensors 

Thursday November 3
rd

  Calibration of Eltek light sensors 

Week 2: 

Date  Task 

Tuesday November 8
th

  Transport of equipment to the location + setting up experiment 1 

Friday November 11
th

  Transport of equipment to the location + setting up experiment 1 

Week 3: 

Date  Task 

Monday November 14
th

  Measurements 

Tuesday November 15
th

  Measurements 

Wednesday November 16
th

  Measurements 

Thursday November 17
th

  Measurements 

Friday November 18
th

  Measurements 

Week 4: 

Date  Task 

Monday November 21
st

  Measurements + questionnaires 

Tuesday November 22
nd

  Measurements + questionnaires 

Wednesday November 23
rd

  Measurements + questionnaires 

Thursday November 24
th

  Measurements + questionnaires 

Friday November 25
th

  Measurements + questionnaires 

Week 5: 

Date  Task 

Monday November 28
th

  Relation measurements 

Tuesday November 29
th

  Relation measurements 

Wednesday November 30
th

  Relation measurements 

Thursday December 1
st

  Relation measurements 

Friday December 2
nd

  Relation measurements 

Monday December 5
th

  Relation measurements + returning the equipment to the TU/e 
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Experiment 2 

 

Week 1: 

Date  Task 

Friday May 5
th

   Transport of equipment to the location + setting up experiment 

Week 2: 

Date  Task 

Monday May 8
th

   Measurements + questionnaires + relation measurements 

Tuesday May 9
th

  Measurements + questionnaires + relation measurements 

Wednesday May 10
th

  Measurements + questionnaires + relation measurements 

Thursday May 11
th

  Measurements + questionnaires + relation measurements 

Friday May 12
th

  Measurements + questionnaires + relation measurements 

Week 3: 

Date  Task 

Monday May 15
th

  Measurements + questionnaires 

Tuesday May 16
th

  Measurements + questionnaires 

Wednesday May 17
th

  Measurements + questionnaires 

Thursday May 18
th

  Measurements + questionnaires 

Friday May 19
th

  Measurements + questionnaires 

Saturday  May 20
th

  Returning half of the measurement equipment to the TU/e 

Weeks 4-9: Validation studies 

Week 9: 

Date  Task 

Saturday July 1
st

    Transport of rest of the equipment to TU/e 
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Appendix C Floorplans building 

 

 

 
Floor 0+ 
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Appendix D Floorplans building  

Red indicates the reference desks, green indicates the desks that are measured 9 times and purple 

indicates the desks that are measured only 3 times (in May). 

   

Floor 0+                                                                       Floor 1 

   

Floor 2                                                                                      Floor 3 

 

Floor 4 
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General questionnaire - TU/e research 
For questions please e-mail to jvanduijnhoven@alphenaandenrijn.nl or call 

* Required 

1. Password * 

2. Participant Number * 

3. On which floor do you work most of the time? * 

Mark only one oval. 

Floor 0 

Floor 0+ 

Floor 1 

Floor 2 

Floor 3 

Floor 4 

Second building 
("Achterbouw") 
Other: 

4. Gender * 

Mark only one 
oval. 

Male 

Female 

5. What is your date of birth? * 

Example: December 15, 2012 

6. What is your nationality? * 

Mark only one oval. 

Dutch 

Belgian 

German 

Other: 

 

 

 

 

Appendix E Questionnaires November 
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7. Which of the following tasks describe the work that you do (circle all that apply)? * 
Check all that apply. 

Typing 

Filing papers  

Analysis of materials 

Drafting or drawing on paper  

Writing manuscripts 

Accounting or working with ledgers  

Using a computer 

Reading 

Installing or fixing equipment 

Interviewing or talking to clients in person  

Talking on the phone 

8. Of these activities, which one do you do most of the time? (Circle only one) * 
Mark only one oval. 

Typing 

Filing papers  

Analysis of materials 

Drafting or drawing on paper  

Writing manuscripts 

Accounting or working with ledgers  

Using a computer 

Reading 

Installing or fixing equipment 

9. Which of the following describes your job (the best)? * 

Mark only one oval. 

Manager/administrator/supervisor 

Engineer 

Programmer 

Secretarial/clerical 

Researcher 

Technician 

Operator Services 

Business office 

Other
: 

During workdays 
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10. How many days a week are you 
usually at your desk in the office? * 

11. On average, how many hours a day do you 

spend at your desk in the office? * 

For example 7 hours and 30 minutes 

12. At what time do you usually go 

to bed on workdays? * 

For example 22:00 

13. At what time do you decide to go to 
sleep on workdays? (for example after 
reading a book in bed) * 

For example 22:30 

14. How many minutes do you 

need to fall asleep on 
workdays? * 

15. At what time do you wake up on 
workdays? * 

16. Do you wake up with or without an alarm clock on working days? * 

Mark only one oval. 

With an alarm clock 
Without an alarm clock 

17. How many minutes after your alarm clock 

rang do you get out of bed on workdays? * 

18. How much time are you usually outside 

(during daylight) on workdays? * 

For example 2 hours and 30 minutes 

During days off 

19. At what time do you usually go 

to bed on days off? * 

For example 22:00 
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20. At what time do you decide to go to 
sleep on days off? (for example after 
reading a book in bed) * 

For example 22:30 

21. How many minutes do you need to 

fall asleep on days off? * 

22. At what time do you wake up on 
days off? * 

For example 7:00 

23. Do you wake up with or without an alarm clock on days off? * 

Mark only one oval. 

With an alarm clock 

Without an alarm clock 

24. How many minutes after your alarm clock 

rang do you get out of bed on days off? * 

25. How much time are you usually 

outside (during daylight) on days off? * 

For example 2 hours and 30 minutes 

To what degree do the following aspects change between the 
seasons?   

26. Aspect 1: Sleep length * 

Mark only one oval. 

No change  

Slight change 

Moderate change 

Large change 

Extremely large change 

27. Aspect 2: Social activity * 

Mark only one oval. 

No change  

Slight change 

Moderate change 

Large change 

Extremely large change 
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28. Aspect 3: Mood (overall feeling of well being) * 

Mark only one oval. 

No change  

Slight change 

Moderate change 

Large change 

Extremely large change 

29. Aspect 4: Weight * 

Mark only one oval. 

No change  

Slight change 

Moderate change  

Large change 

Extremely large change 

30. Aspect 6: Appetite * 

Mark only one oval. 

No change  

Slight change 

Moderate change  

Large change 

Extremely large change 

31. Aspect 7: Energy level * 

Mark only one oval. 

No change  

Slight change 

Moderate change  

Large change 

Extremely large change 

32. Do you experience changes between different seasons? * 

Mark only one oval. 

No 

Yes Skip to question 33. 

33. Do you think that these seasonal changes are a problem for you? * 

Mark only one oval. 

Mild  

Moderate 

Marked  

Severe 

Disabling 
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34. How does the lighting appear compared to similar workplaces in other buildings? * 

Mark only one oval. 

Worse 

About the same 

Better 

I don't know 

35. Do you wear glasses or contact lenses? * 

Mark only one oval. 

No 

Yes, all the time 

Yes, but not all the time (for example for 
reading) 

36. If yes, please describe why: 

Mark only one oval. 

Difficulty seeing things close up (such as reading books) 

Difficulty seeing things far away (such as road signs) 

Both 

Astigmatism 

Other
: 

37. Do you have difficulty distinguishing between colours? * 

Mark only one oval. 

No 

Yes 

38. Do you have any medical problems with your eyes (e.g. cataract, glaucoma, injury, etc.)? * 

Mark only one oval. 

No 

Yes 

39. If yes please describe: 

40. How much trouble do your eyes give when you are exposed to bright light? * 

Mark only one oval. 

1 2 3 4 5 

A lot of trouble No trouble at all 

41. I can tolerate bright light * 

Mark only one oval. 

Yes 

No 
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42. Are you light sensitive? * 

Mark only one oval. 

1 2 3 4 5 6 7 8 9 10 

Not 

at all 

Very 

sensitive 

Health related 

43. In general, would you say your health is * 

Mark only one oval. 

Excellent 

Very good 

Good 

Fair 

Poor 

44. Compared to one year ago, how would you rate your health in general now? * 

Mark only one oval. 

Much better now than one year ago 

Somewhat better than one year ago 

About the same 

Somewhat worse now than one year ago 

Much worse than one year ago 

The following items are about activities you might do during a 
typical day. Does your health now limit you in these activities? 
If so, how much?   

45. Activity 1: Vigorous activities, such as running, lifting heavy objects, participating in 

strenuous sports * 

Mark only one oval. 

Yes, limited a lot 

Yes, limited a little 

No, not limited at 
all 

46. Activity 2: Moderate activities, such as moving a table, pushing a vacuum 

cleaner, bowling or playing golf * 

Mark only one oval. 

Yes, limited a lot 

Yes, limited a little 

No, not limited at 
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47. Activity 3: Lifting or carrying groceries * 

Mark only one oval. 

Yes, limited a lot 

Yes, limited a little 

No, not limited at 

48. Activity 4: Climbing several flights of stairs * 

Mark only one oval. 

Yes, limited a lot 

Yes, limited a little 

No, not limited at 
all 

49. Activity 5: Climbing one flight of stairs * 

Mark only one oval. 

Yes, limited a lot 

Yes, limited a little 

No, not limited at 
all 

50. Activity 6: Bending, kneeling or stooping * 

Mark only one oval. 

Yes, limited a lot 

Yes, limited a little 

No, not limited at 

51. Activity 7: Walking more than a mile (+- 1.6 km) * 

Mark only one oval. 

Yes, limited a lot 

Yes, limited a little 

No, not limited at 

52. Activity 8: Walking one block (+- 150 metres) * 

Mark only one oval. 

Yes, limited a lot 

Yes, limited a little 

No, not limited at 
all 

53. Activity 9: Walking several blocks * 

Mark only one oval. 

Yes, limited a lot  

Yes, limited a little 

No, not limited at all 



71 

 

54. Activity 10: Bathing or dressing yourself * 

Mark only one oval. 

Yes, limited a lot 

Yes, limited a little 

No, not limited at 

During the past 4 weeks, have you had any of the following 
problems with your work or other regular daily activities as a result of 
your physical health?   

55. Activity 1: Cut down the amount of time you spent on work or other activities? * 

Mark only one oval. 

Yes 

No 

56. Activity 2: Accomplished less than you would like * 

Mark only one oval. 

Yes 

No 

57. Activity 3: Were limited in the kind of work or other activities * 

Mark only one oval. 

Yes 

No 

58. Activity 4: Had difficulty performing the work or other activities (for example, it took 

extra effort) * 

Mark only one oval. 

Yes 

No 

During the past 4 weeks, have you had any of the following 
problems with your work or other regular daily activities as a 
result of any emotional problems (such as feeling depressed 
or anxious)?   

59. Activity 1: Cut down the amount of time you spent on work or other activities? * 

Mark only one oval. 

Yes 

No 
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60. Activity 2: Accomplished less than you would like * 

Mark only one oval. 

Yes 

No 

61. Activity 3: Didn't do work or activities as carefully as usual? * 

Mark only one oval. 

Yes 

No 

62. Emotional problems interfered with your normal social activities with family, 

friends, neighbours, or groups? * 

Mark only one oval. 

Not at all 

Slightly 

Moderately 

Severe 

Very severe 

63. How much bodily pain have you had during the past 4 weeks? * 

Mark only one oval. 

None  

Very mild 

Mild 

Moderate 

Severe 

Very severe 

64. During the past 4 weeks, how much did pain interfere with your normal work 

(including both work at the office and working from home)? * 

Mark only one oval. 

Not at all  

A little bit 

Moderately 

Quite a bit 

Extremely 

These questions are about how you feel and how things have 
been with you during the last 4 weeks. For each question, 
please give the answer that comes closest to the way you have 
been feeling.    
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65. Question 1: Did you feel full of energy? * 

Mark only one oval. 

All of the time  

Most of the time 

A good bit of the time 

Some of the time 

A little bit of the time 

None of the time 

66. Question 2: Have you been a very nervous person? * 

Mark only one oval. 

All of the time  

Most of the time 

A good bit of the time 

Some of the time 

A little bit of the time 

None of the time 

67. Question 3: Have you felt so down in the dumps that nothing could cheer you up? * 

Mark only one oval. 

All of the time  

Most of the time 

A good bit of the time 

Some of the time 

A little bit of the time 

None of the time 

68. Question 4: Have you felt calm and peaceful? * 

Mark only one oval. 

All of the time  

Most of the time 

A good bit of the time 

Some of the time 

A little bit of the time 

None of the time 

69. Question 5: Did you have a lot of energy? * 

Mark only one oval. 

All of the time  

Most of the time 

A good bit of the time 

Some of the time 

A little bit of the time 

None of the time 
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70. Question 6: Have you felt downhearted and blue? * 

Mark only one oval. 

All of the time  

Most of the time 

A good bit of the time 

Some of the time 

A little bit of the time 

None of the time 

71. Question 7: Did you feel worn out? * 

Mark only one oval. 

All of the time  

Most of the time 

A good bit of the time 

Some of the time 

A little bit of the time 
 
None of the time 

72. Question 8: Have you been a happy person? * 

Mark only one oval. 

All of the time  

Most of the time 

A good bit of the time  

Some of the time 

A little bit of the time 
 
None of the time 

73. Question 9: Did you feel tired? * 

Mark only one oval. 

All of the time  

Most of the time 

A good bit of the time 

Some of the time 

A little bit of the time 
 
None of the time 
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74. During the past 4 weeks, how much of the time has your physical health or emotional 
problems interfered with your social activities (like visiting with friends, relative, etc.)? * 

Mark only one oval. 

All of the time  

Most of the time 

A good bit of the time 

Some of the time 

A little bit of the time 

None of the time 

How true or false is each of the following statements for you?   

75. Statement 1: I seem to get sick a little easier than other people * 

Mark only one oval. 

Definitely true 

Mostly true 

Don't know 

Mostly false 

Definitely false 

76. Statement 2: I am as healthy as anybody I know * 

Mark only one oval. 

Definitely true 

Mostly true  

Don't know 

Mostly false 

Definitely false 

77. Statement 3: I expect my health to get worse * 

Mark only one oval. 

Definitely true 

Mostly true  

Don't know 

Mostly false 

Definitely false 

78. Statement 4: My health is excellent * 

Mark only one oval. 

Definitely true 

Mostely true 

Don't know 

Mostly false 

Definitely false 
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79. Did you travel to a different time zone within the last two weeks? 

Mark only one oval. 

Yes 

No 

Thank you!   

Thank you for filling in this 
questionnaire. 
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9:00h Questionnaire - TU/e research 
We would like to ask you to fill in this questionnaire before 10.00h. For questions please e-mail to  

jvanduijnhoven@alphenaandenrijn.nl or call 06-55580037. 

1. Password * 

2. Participant Number * 

3. On which floor do you work right now? * 

Mark only one oval. 

Floor 0+ 
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4. What is your desk number right now? (see 

sticker on table or floor plan below) * 

Skip to question 9. 

5. What is your desk number right now? (see 

sticker on table or floor plan below) * 

Skip to question 9. 
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6. What is your desk number right now? (see 

sticker on table or figure below) * 

Skip to question 9. 

7. What is your desk number right now? (see 

sticker on table or floor plan below) * 

Skip to question 9. 
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8. What is your desk number right now? (see 

sticker on table or floor plan below) * 

Skip to question 9. 

9. Statement: I slept well last night * 

Mark only one oval. 

Strongly disagree 

Disagree 

Neither agree nor disagree 

Agree 

Strongly agree 

10. How many hours did you sleep last night? * 

Mark only one oval. 

Less than 4 hours 

About 5 hours 

About 6 hours 

About 7 hours 

About 8 hours 

More than 9 hours 
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11. How many hours have you been awake until now? * 

Mark only one oval. 

Less than an hour 

About 1 hour 

About 2 hours 

About 3 hours 

More than 4 hours 

12. At what time did you go to sleep last night? * 

Mark only one oval. 

Before 20.00 

Around 20.00 

Around 21.00 

Around 22.00 

Around 23.00 

Around 0.00 

After 01.00 

13. How did you go to work this morning? (Choose at least one) * 

Check all that apply. 

By bike 

By car 

By public transportation (bus, train, tram, metro) 

Walking 

14. Did you do any activities before work this morning? * 

Check all that apply. 

Getting ready for and travelling to work 

Walking the dog 

Doing sports inside 

Doing sports outside 

Bringing the children to school 

15. What are your expected working times for 

today? (from ... h until ... h) * 

 

 

 

 

 

 

 

 

 

 

 

 

 

Other: 
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16. How do you feel right now? * 

Mark only one oval. 

Extremely alert 

Very alert 

Alert 

Rather alert 

Neither alert nor sleepy 

Some signs of sleepiness 

Sleepy, but no effort to keep awake 

Sleepy, but some effort to keep awake 

Very sleepy, great effort to keep awake 

Extremely sleepy, can't keep awake 

17. Is the sun shading device of the window (the closest to you) open or closed? * 

Mark only one oval. 

Open 

Half open/half closed 

Closed 

There is no window nearby 

That window has no sun shading device 

Thank you!   

Thank you for filling in this 
questionnaire. 
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11:00h Questionnaire - TU/e research 
We would like to ask you to fill in this questionnaire before 12.00h. For questions please e-mail to  

jvanduijnhoven@alphenaandenrijn.nl or call 06-55580037. 

1. Password * 

2. Participant Number * 

3. On which floor do you work right now? * 

Mark only one oval. 

Floor 0+ 
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4. What is your desk number right now? (see 

sticker on table or floor plan below) * 

Skip to question 9. 

5. What is your desk number right now? (see 

sticker on table or floor plan below) * 

Skip to question 9. 
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6. What is your desk number right now? (see 

sticker on table or floor plan below) * 

Skip to question 9. 

7. What is your desk number right now? (see 

sticker on table or floor plan below) * 

Skip to question 9. 
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8. What is your desk number right now? (see 

sticker on table or floor plan below) * 

Skip to question 9. 

9. How do you feel right now? * 

Mark only one oval. 

Extremely alert 

Very alert 

Alert 

Rather alert 

Neither alert nor sleepy 

Some signs of sleepiness 

Sleepy, but no effort to keep awake 

Sleepy, but some effort to keep awake 

Very sleepy, great effort to keep awake 

Extremely sleepy, can't keep awake 

10. Is the sun shading device of the window (the closest to you) open or closed? * 

Mark only one oval. 

Open 

Half open/half closed 

Closed 

There is no window nearby 

That window has no sun shading device 

 

Thank you!   
Thank you for filling in this questionnaire. 
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14:00h Questionnaire - TU/e research 
We would like to ask you to fill in this questionnaire before 15.00h. For questions please e-mail to  

jvanduijnhoven@alphenaandenrijn.nl or call 06-55580037. 

1. Password * 

2. Participant Number * 

3. On which floor do you work right now? * 

Mark only one oval. 
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4. What is your desk number right now? (see 

sticker on table or floor plan below) * 

Skip to question 9. 

5. What is your desk number right now? (see 

sticker on table or floor plan below) * 

Skip to question 9. 
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6. What is your desk number right now? (see 

sticker on table or floor plan below) * 

Skip to question 9. 

7. What is your desk number right now? (see 

sticker on table or floor plan below) * 

Skip to question 9. 
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8. What is your desk number right now? (see 

sticker on table or floor plan below) * 

Skip to question 9. 

9. How do you feel right now? * 

Mark only one oval. 

Extremely alert 

Very alert 

Alert 

Rather alert 

Neither alert nor sleepy 

Some signs of sleepiness 

Sleepy, but no effort to keep awake 

Sleepy, but some effort to keep awake 

Very sleepy, great effort to keep awake 

Extremely sleepy, can't keep awake 
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10. What did you do during your lunch break? * 

Check all that apply. 

Ate my lunch at my desk 

Ate my lunch in the restaurant 

Ate my lunch outside 

Went outside for a walk 

Played sports - inside 

Played sports - outside 

11. Is the sun shading device of the window (the closest to you) open or closed? * 

Mark only one oval. 

Open 

Half open/half closed 

Closed 

There is no window nearby 

That window has no sun shading device 

Thank you!   

Thank you for filling in this 
questionnaire. 

 

 

 

 

 

 

 

 

  

Other: 
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16:00h Questionnaire - TU/e research 
We would like to ask you to fill in this questionnaire before 17.00h. For questions please 
e-mail to  jvanduijnhoven@alphenaandenrijn.nl or call 06-55580037. 

* 

1. Password * 

2. Participant Number * 

3. On which floor do you work right now? * 

Mark only one oval. 

Floor 0+ 
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4. What is your desk number right now? (see 
sticker on table or floor plan below) * 

Skip to question 9. 

Floor 1 
5. What is your desk number right now? (see 

sticker on table or floor plan below) * 

Skip to question 9. 

Floor 2 

 

 



94 

 

 

6. What is your desk number right now? (see 
sticker on table or floor plan below) * 

Skip to question 9. 

Floor 3 

7. What is your desk number right now? (see 
sticker on table or floor plan below) * 

Skip to question 9. 

Floor 4 
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8. What is your desk number right now? (see 
sticker on table or floor plan below) * 

Skip to question 9. 

9. How do you feel right now? * 

Mark only one oval. 

Extremely alert  

Very alert 

Alert 

Rather alert 

Neither alert nor sleepy  

Some signs of sleepiness 

Sleepy, but no effort to keep awake  

Sleepy, but some effort to keep awake  

Very sleepy, great effort to keep away 

Extremely sleepy, can't keep awake 

10. Is the sun shading device of the window (the closest to you) open or closed? 

Mark only one oval. 

Open 

Half open/half closed  

Closed 

There is no window nearby 

That window has no sun shading device 
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11. What will your activities be after work? * 

Check all that apply. 

Watching TV  

Working from home 

Doing sports inside 

Doing sports outside 

Gathering with other people 

Other
: 

Please rate to what extent you are currently experiencing the 
following symptoms.   

12. Symptom 1: irritablility of the eye * 

Mark only one oval. 

Absent 

Slight 

Moderate 

Severe 

13. Symptom 2: headache * 

Mark only one oval. 

Absent 

Slight 

Moderate 

Severe 

14. Symptom 3: eye strain * 

Mark only one oval. 

Absent 

Slight 

Moderate 

Severe 

15. Symptom 4: general eye discomfort * 

Mark only one oval. 

Absent 

Slight 

Moderate 

Severe 
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16. Symptom 5: eye fatigue * 

Mark only one oval. 

Absent 

Slight 

Moderate 

Severe 

17. Symptom 6: difficulty focussing * 

Mark only one oval. 

Absent 

Slight 

Moderate 

Severe 

18. Symptom 7: difficulty concentrating * 

Mark only one oval. 

Absent  

Slight 

Moderate 

Severe 

19. Symptom 8: Blurred vision * 

Mark only one oval. 

Absent  

Slight 

Moderate 

Severe 

All of the statements below refer to your work area (where you 
are working right now). Please indicate whether you agree or 
disagree.   

20. Statement 1: Overall, the lighting is comfortable * 

Mark only one oval. 

Agree 

Disagree 

21. Statement 2: The lighting is uncomfortably bright for the tasks that I perform * 

Mark only one oval. 

Agree 

Disagree 
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22. Statement 3: The lighting is uncomfortably dim for the tasks that I perform * 

Mark only one oval. 

Agree 

Disagree

23. Statement 4: The lighting is poorly distributed here * 

Mark only one oval. 

Agree 

Disagree

24. Statement 5: The lighting causes deep 
shadow * 

Mark only one oval. 
Agree 

Disagree

25. Statement 6: Reflections from the light fixtures hinder my 
work * 

Mark only one oval. 
Agree 

Disagree

26. Statement 7: The light fixtures are 
too bright * 

Mark only one oval. 
Agree 

Disagree

27. Statement 8: My skin is an unnatural tone under the 
lighting * 

Mark only one oval. 
Agree 

Disagree

28. Statement 9: The lights flicker throughout 
the day * 

Mark only one oval. 
Agree 

Disagree

29. How does the lighting appear compared to similar workplaces in other buildings? * 

Mark only one oval. 

Worse 

About the same 

Better 

I don't know 
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30. Please rate the following 3 attributes of your particular desk location in this building by circling the 
appropriate number between 1 and 5 that best summarizes your experience of working here. Attribute 
1: Electrical lighting * 

Mark only one oval. 

1 2 3 4 5 

Bad Good

31. Attribute 2: How bright are 
the lights? * 

Mark only one oval. 

1 2 3 4 5 

Too much light 
Does not get too bright 

32. Attribute 3: Glare 
from lights * 

Mark only one oval. 

1 2 3 4 5 

High glare No glare 

For each task performed, please rate the lighting available to 
you.   

33. Task 1: Reading from paper * 

Mark only one oval. 

Excellent 

Pretty good 

Neutral 

Not very good 

Poor 

Not applicable 

34. Task 2: Reading from computer * 

Mark only one oval. 

Excellent 

Pretty good 

Neutral 

Not very good 

Poor 

Not applicable 
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35. Task 3: Writing on paper * 

Mark only one oval. 

Excellent 

Pretty good 

Neutral 

Not very good 

Poor 

Not applicable 

36. Task 4: Typing on computer * 

Mark only one oval. 

Excellent 

Pretty good 

Neutral 

Not very good 

Poor 

Not applicable 

37. Task 5: Drawing on paper * 

Mark only one oval. 

Excellent 

Pretty good 

Neutral 

Not very good 

Poor 

Not applicable 

38. Task 6: Drawing on computer * 

Mark only one oval. 

Excellent 

Pretty good 

Neutral 

Not very good 

Poor 

Not applicable 

39. Overall, how satisfied are you with the lighting at your office or workspace? * 

Mark only one oval. 

Very satisfied 

Fairly satisfied 

Neither satisfied nor dissatisfied 

Not very satisfied 

Not at all satisfied 
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40. How would you describe the amount of light available to you now? * 

Mark only one oval. 

Much too bright 

A bit too bright 

Just about right 

A bit too dim 

Much too dim 

Please indicate how bothersome each of the following is to 
you.   

41. Case 1: Reflected glare from work surface * 

Mark only one oval. 

Not at all bothersome  

Not very bothersome  

Fairly bothersome 

Bothersome 

Not applicable 

42. Case 2: Glare from ceiling lights * 

Mark only one oval. 

Not at all bothersome 

Not very bothersome 

Fairly bothersome 

Bothersome 

Not applicable 

43. Case 3: Glare from task lights/desk lamps * 

Mark only one oval. 

Not at all bothersome 

Not very bothersome 

Fairly bothersome 

Bothersome 

Not applicable 

44. Case 4: Bright lights in workspace * 

Mark only one oval. 

Not at all bothersome 

Not very bothersome 

Fairly bothersome 

Bothersome 

Not applicable 
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45. Case 5: Glare reflected in computer screen * 

Mark only one oval. 

Not at all bothersome 

Not very bothersome 

Fairly bothersome 

Bothersome 

Not applicable 

46. Would you say that the amount of light for the work you do is... * 

Mark only one oval. 

Excellent 

Good 

Fair 

Poor 

47. Do you have a task light or desk lamp at your workspace or desk? * 

Mark only one oval. 

No 

Yes 

48. The total amount of light you receive at your eye can be only daylight, only electric 
light, or a combination of both. Tick the light sources which are available at your 
workplace right now. * 

Check all that apply. 

Daylight 

Electric 
lighting 

49. What do you think is the ratio daylight/electric light right now? * 

Mark only one oval. 

1 2 3 4 5 6 7 8 9 10 

Only 
electric 

light 

Only 

daylight 

50. If you have any opinions or comments about the lighting at your desk or workspace 

that you would like to have recorded, please write them in the space below (your 
comments will be kept confidential) 
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51. In general, would you say your health is * 

Mark only one oval. 

Excellent 

Very good 

Good 

Fair 

Poor 

Thank you!   

Thank you for filling in this 
questionnaire. 
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Evaluation Questionnaire - TU/e Research 
For questions please e-mail to jvanduijnhoven@alphenaandenrijn.nl or call 06-55580037. 

1. Password * 

2. Did you participate in our study (in November 2016) regarding the work environment? * 

Mark only one oval. 

Yes 

No 

Skip to question 5. 
Skip to question 3. 

Evaluation Questionnaire - TU/e Research 

3. Why not? * 

Check all that apply. 

No time 

I just did not want to participate 

I was only 1, 2 or 3 days in the office 

I don't speak English sufficiently 

I don't want to answer health-related questions 

I did not know about the study 

I don't work at the municipality of Alphen aan den Rijn 

Other: 

4. Will you consider participating in our second (similar) study in March/April 2017? * 

Mark only one oval. 

Yes 

Maybe 

No 

Skip to question 16. 

Skip to question 16. 

Stop filling out this form. 

Evaluation Questionnaire - TU/e Research 
Thank you for participating in this study! We hope it was not too much work. Let us know by filling in 
this evaluation questionnaire what you think about the study. Thanks in advance and hopefully see 
you again in spring 2017! 

5. Participant Number * 
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6. Where did you look at to obtain your desk number? * 

Mark only one oval. 

Sticker at 
desk 

7. Why did you participate in this research? * 

Check all that apply. 

I just wanted to help you :) 

It's allways interesting to participate in research studies 

I have complaints about the temperature 

I have complaints about the relative humidity 

I have complaints about the lighting environment 

Because my colleagues convinced me to participate 

Because the researchers (Iris and Juliëtte) convinced me to participate 

Other: 

8. What do you think about the number of questionnaires you received last week? * 

Mark only one oval. 

No problem! Should be less 

9. What do you think about the amount of time you spent per questionnaire? * 

Mark only one oval. 

No problem! I spent too much time 

10. What would you prefer? * 

Mark only one oval. 

1 week: 6 questionnaires a day 

2 weeks: 4 questionnaires a day 

3 weeks: 3 questionnaires a day 

11. Were the questions clear to you? * 

Mark only one oval. 
Always 

Most of the time 

Almost never 

Never 

Other: 
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12. Do you have remarks or questions regarding the questionnaires? 

13. What do you think about the light measurements we performed throughout the office? * 

Mark only one oval. 

No problem! I got interrupted too often 

14. What would you prefer when we perform light measurements at your desk? * 

Mark only one oval. 

3 interruptions of each 10/15 minutes 

6 interruptions of each 5 minutes 

10 interruptions of each 1 minute 

15. Would you like to participate in a second (similar) study including questionnaires in 
March/April 2017? * 

Mark only one oval. 

Yes 

Maybe 

No 

Skip to question 16. 

Skip to question 16. 

Stop filling out this form. 

Other: Skip to question 16. 

Stop filling out this form. 

16. Please leave your e-mail address so we can 
contact you in March/April 2017 for the 

second study: * 

17. Would you like to wear a small device that measures the dynamic lighting conditions 
during the next study in March/April 2017? * 
Mark only one oval. 

Yes 

Maybe 

No 

 

 

 

 

 

 

 

 



 

18. Are you interested in eye measurements performed by an optometrist during the second 
study in March/April 2017? These eye measurements will take about an hour. You will be 
informed about the results of the measurements. * 

Mark only one oval. 

Yes 

Maybe 

No 

Thank you!   

Thank you for filling in this 
questionnaire. 
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Appendix F SPSS results 

 

November 
Descriptive Statistics 

 N Range Minimum Maximum Mean Std. Deviation 

Participant 303 196 1 197 80,55 59,986 

Desknumber 68 628 47 675 256,22 174,693 

Ev 39 1017 135 1152 544,62 268,948 

Eh 38 7646 118 7764 1270,40 1366,961 

KSS 68 6 1 7 3,31 1,307 

Ev_ref 68 5118 99 5217 532,96 718,686 

Eh_ref 68 7761 157 7918 762,26 916,738 

Valid N (listwise) 9      

 
Correlations 

 KSS Ev Eh Ev_ref Eh_ref 

Kendall's tau_b KSS Correlation Coefficient 1,000 -,092 ,295
*
 -,065 -,122 

Sig. (2-tailed) . ,458 ,018 ,476 ,184 

N 68 39 38 68 68 

Ev Correlation Coefficient -,092 1,000 ,667
*
 ,164 ,291

**
 

Sig. (2-tailed) ,458 . ,012 ,143 ,009 

N 39 39 9 39 39 

Eh Correlation Coefficient ,295
*
 ,667

*
 1,000 ,427

**
 ,430

**
 

Sig. (2-tailed) ,018 ,012 . ,000 ,000 

N 38 9 38 38 38 

Ev_ref Correlation Coefficient -,065 ,164 ,427
**
 1,000 ,644

**
 

Sig. (2-tailed) ,476 ,143 ,000 . ,000 

N 68 39 38 68 68 

Eh_ref Correlation Coefficient -,122 ,291
**
 ,430

**
 ,644

**
 1,000 

Sig. (2-tailed) ,184 ,009 ,000 ,000 . 

N 68 39 38 68 68 

*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 
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With control variables temperature and RH in November: 
Correlations 

Control Variables KSS Eh_ref 

RH_ref KSS Correlation 1,000 -,078 

Significance (2-tailed) . ,529 

df 0 65 

Eh_ref Correlation -,078 1,000 

Significance (2-tailed) ,529 . 

df 65 0 

 
Correlations 

Control Variables KSS Eh_ref 

Temp_ref KSS Correlation 1,000 -,010 

Significance (2-tailed) . ,934 

df 0 65 

Eh_ref Correlation -,010 1,000 

Significance (2-tailed) ,934 . 

df 65 0 

 
Correlations 

Control Variables KSS Ev_ref 

RH_ref KSS Correlation 1,000 -,030 

Significance (2-tailed) . ,807 

df 0 65 

Ev_ref Correlation -,030 1,000 

Significance (2-tailed) ,807 . 

df 65 0 

 
Correlations 

Control Variables KSS Ev_ref 

Temp_ref KSS Correlation 1,000 -,033 

Significance (2-tailed) . ,793 

df 0 65 

Ev_ref Correlation -,033 1,000 

Significance (2-tailed) ,793 . 

df 65 0 

 

May 
 

Descriptive Statistics 

 N Range Minimum Maximum Mean Std. Deviation 

Participant 223 421 3 424 155,68 146,911 

Desknumber 62 600 46 646 210,71 178,706 

Ev 26 2295 88 2383 821,82 501,235 

Eh 47 5110 494 5605 2157,71 1329,662 

KSS 62 6 1 7 2,92 1,205 

Ev_ref 62 1370 38 1409 722,41 347,174 

Eh_ref 62 1519 415 1934 971,48 423,571 

Valid N (listwise) 11      
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Correlations 

 KSS Ev Eh Ev_ref Eh_ref 

Kendall's tau_b KSS Correlation Coefficient 1,000 -,310
*
 -,119 -,064 ,055 

Sig. (2-tailed) . ,045 ,289 ,512 ,571 

N 62 26 47 62 62 

Ev Correlation Coefficient -,310
*
 1,000 ,745

**
 ,477

**
 ,680

**
 

Sig. (2-tailed) ,045 . ,001 ,001 ,000 

N 26 26 11 26 26 

Eh Correlation Coefficient -,119 ,745
**
 1,000 ,418

**
 ,389

**
 

Sig. (2-tailed) ,289 ,001 . ,000 ,000 

N 47 11 47 47 47 

Ev_ref Correlation Coefficient -,064 ,477
**
 ,418

**
 1,000 ,425

**
 

Sig. (2-tailed) ,512 ,001 ,000 . ,000 

N 62 26 47 62 62 

Eh_ref Correlation Coefficient ,055 ,680
**
 ,389

**
 ,425

**
 1,000 

Sig. (2-tailed) ,571 ,000 ,000 ,000 . 

N 62 26 47 62 62 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

With control variables temperature and RH in May: 

 
Correlations 

Control Variables KSS Eh_ref 

Temp_ref KSS Correlation 1,000 ,035 

Significance (2-tailed) . ,789 

df 0 59 

Eh_ref Correlation ,035 1,000 

Significance (2-tailed) ,789 . 

df 59 0 

 
 

Correlations 

Control Variables KSS Eh_ref 

RH_ref KSS Correlation 1,000 ,092 

Significance (2-tailed) . ,481 

df 0 59 

Eh_ref Correlation ,092 1,000 

Significance (2-tailed) ,481 . 

df 59 0 
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Correlations 

Control Variables KSS Ev_ref 

Temp_ref KSS Correlation 1,000 -,188 

Significance (2-tailed) . ,146 

df 0 59 

Ev_ref Correlation -,188 1,000 

Significance (2-tailed) ,146 . 

df 59 0 

 

 

  

 

 

 

 
 

Correlations 

Control Variables KSS Ev_ref 

RH_ref KSS Correlation 1,000 -,089 

Significance (2-tailed) . ,497 

df 0 59 

Ev_ref Correlation -,089 1,000 

Significance (2-tailed) ,497 . 

df 59 0 


