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| SUMMARY 

Currently available state-of-the-art intelligent lighting systems have integrated occupancy and daylight harvesting 

sensors, offering the ability to have granular dimming in the office space. Each luminaire is capable to detect and 

respond independently to people’s presence at their workplaces as well as regulate luminaire output dependent 

on available daylight. This control granularity also provides the ability to choose personal lighting preferences. 

These systems enable efficient energy use for lighting.   

The focus of this graduation study is on finding the minimal acceptable dimming behaviour of a granular lighting 

system in an open-plan office space for co-workers, triggered by a change in occupancy level; i.e. someone enters 

or leaves the office. The minimum acceptable dimming behaviour is defined as the balance between the co-

workers acceptance level and the system energy efficiency. In the context of this study it translates to a minimum 

fading time that 70% of the office co-workers would find acceptable. The 70% acceptance level is based on the 

maximum achievable acceptance in a fixed light level lighting installation so that 70% of the office workers would 

be within 100 lux of their preferred light level. No studies have yet been performed on the acceptance by co-

workers in the same room. 

Previous studies investigated acceptable dimming speeds when a person was sitting in a lab setting and the entire 

room was dimmed.  These studies report the dimming speed of a ceiling based luminaire to be acceptable with 

dimming speeds between 30 to 37 lux/second when dimming down from 500lux and around 27 lux/second when 

dimming up from 300 to 580lux on their own workspace. Based on these previous studies the fading times 

evaluated in this study were 0, 5 and 10 seconds (dimming speeds of ∞, 46, and 23 lux/second) when dimming 

down from 540 to 310 lux, and in 0, 2 and 5 seconds when dimming up (dimming speeds of ∞, 115, 46 

lux/seconds).  

The experiment took place in the Experience Lab of Philips at the High Tech Campus in Eindhoven, Netherlands 

with 4 participants simultaneously present in the room and the total number of participants being 56. Daylight has 

been blocked in the experiment, in order to exclude the effect of weather changes and sky types during the study. 

The participants (N=41) were all students (age 18-30 years) and were asked to perform an office based task. During 

the task the occupancy change was simulated at one of the workstations by an ‘actor’ entering and leaving the 

office at specific moments. 15 ‘actors’ participated in the study. Additionally control settings were tested where 

lighting was adjusted without an occupancy change and control settings where the occupant let or entered the 

space without a light change. 

Participants were asked to press a button on their screen when they noticed any changes, e.g. in temperature, 

sound, light, ventilation, occupancy or something else. For each indicated change the participants had to rate how 

acceptable the change was to them. 

The results showed that the minimal acceptable fading time for co-workers due to a person leaving his workplace 

would be around 5 seconds without a delay. When dimming down without a delay from 540 to 310 lux it was 

found acceptable for more than 93% of the co-workers (N=41) to dim down in 5 seconds.  

A comparison has been made between a base line (working day from 8AM till 6PM) where no occupancy changes 

would occur; few occupancy changes where a person would leave his workstation 3 times a day; and many 

occupancy changes where a person would leave his workstation 6 times a day. If an office worker leaves his 

workstation 3 times per working day, dimming down without a delay saves 36.5 kJ (10%) compared to the base 

line for 1 luminaire. When dimming down is performed with a 5 minute delay the energy saved is 27.4 kJ (7%) 
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compared to the base line for a single luminaire. For many occupancy changes the savings would be 91 kJ (24% 

without a delay) and 73 kJ (19% with a 5 minute delay) for a single luminaire compared to the base line. 

The minimal acceptable fading time for co-workers due to a person arriving at his workplace in an open office 

would be around 2 seconds.  When dimming up from 310 to 540 lux it was found acceptable for 76% of the co-

workers (N=41) to dim up in 2 seconds. Slower dimming up would result in larger energy savings.  
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  | LIST OF USED SYMBOLS AND ABBREVIATIONS  

 

a Based on positive ranks (Wilcoxon Signed Ranks Test). Acceptance level of condition ‘x’ > 

Acceptance level of condition ‘y’. 

b Based on negative ranks (Wilcoxon Signed Ranks Test). Acceptance level of condition ‘x’ < 

Acceptance level of condition ‘y’. 

c Sum of negative ranks equals the sum of positive ranks (Wilcoxon Signed Ranks Test). Acceptance 

level of condition ‘x’ = Acceptance level of condition ‘y’. 

CCT  Correlated colour temperature 

CRI  Color rendering index 

E  Illuminance [lux] 

ESave 3 changes no delay, n sec vs base line 

 Energy saved for dimming down without a delay for 1 luminaire when an office worker leaves 3 

times half an hour during a workday compared to the base line (8AM-6PM) [J] 

ESave 3 changes 5 min delay, n sec vs base line 

Energy saved for dimming down with a 5 minute delay for 1 luminaire when an office worker 

leaves 3 times half an hour during a workday compared to the base line (8AM-6PM) [J] 

ESave 6 changes no delay, n sec vs base line 

Energy saved for dimming down without a delay for 1 luminaire when an office worker leaves 6 

times half an hour during a workday compared to the base line (8AM-6PM) [J] 

ESave 6 changes 5 min delay, n sec vs base line 

Energy saved for dimming down with a 5 minute delay for 1 luminaire when an office worker 

leaves 6 times half an hour during a workday compared to the base line (8AM-6PM) [J] 

ESave 3 changes no delay, n sec vs 3 changes 5 min delay, n sec 

Energy saved for dimming down without a delay for 1 luminaire when an office worker leaves 3 

times half an hour during a workday compared to dimming down with a 5 minute delay (8AM-

6PM) [J] 

ESave 6 changes no delay, n sec vs 6 changes 5 min delay, n sec 

Energy saved for dimming down without a delay for 1 luminaire when an office worker leaves 6 

times half an hour during a workday compared to dimming down with a 5 minute delay (8AM-

6PM) [J] 

ETotal base line, n sec Total energy use of 1 luminaire during a workday (8AM-6PM) [J] 

ETotal 3 changes, n sec Total energy use of 1 luminaire when an office worker leaves 3 times half an hour during a 

workday (8AM-6PM) [J] 

ETotal 6 changes, n sec Total energy use of 1 luminaire when an office worker leaves 6 times half an hour during a 

workday (8AM-6PM) [J] 

L  Luminance [cd/m²] 

LED  Light Emitting Diode 

N  Number of participants 

Nacc Number of participants that indicated that both changes were ‘acceptable’, ‘very acceptable’ or 

did not noticed the change. This is only the case for the 70% acceptance level tests. 

P  Number of times the condition has been tested and evaluated 

Pdimmed  Power use of the luminaire when dimmed (1% of full output = 0.35W) 

Pinitial  Power use of the luminaire when at its initial value (30% of full output = 10.15W) 

R Number of participants used for the comparison between luminance changes and occupancy 

changes in hypotheses 3. In this comparison cases when the participant did not mention the 

occupancy change are excluded. 
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1 | INTRODUCTION 

The focus of this graduation study is on finding the optimal dimming behaviour of a granular lighting system in an 

open-plan office when taking into account the acceptance of co-workers. The study has been set up based on the 

findings in a previously performed literature study which gives an overview of the available and relevant literature 

about dynamic lighting in a room (Creemers, et al., 2014). 

In this chapter the research context, problem statement, and research question of the study are described, as well 

as the lay-out of the entire report. 

1.1 | RESEARCH CONTEXT 

This study is part of a larger research project of Philips Research Eindhoven. The research aim of that project is to 

set the criteria for the design of an intelligent lighting system in an open-plan office space that offers dimming 

control to users, validated by user satisfaction and energy saving benefits. 

State-of-the-art available intelligent lighting systems have integrated occupancy sensors and daylight harvesting, 

offering the ability to have granular dimming in the office space. This means that each luminaire is capable to react 

independently to people’s presence detected at different workplaces, and to automatically adjust the emitted 

luminance dependent on available daylight to maintain a certain illuminance level on the workplace. This is done  

to use lighting more energy efficiently. Due to the automatic behaviour of the luminaires the recommended 

illuminance on a work surface level of 500lx (NEN-EN 12464-1:2011) will always be reached when occupancy is 

detected at the workspace. These changes may create dynamic lighting in a room. 

But these are not the only aspects relevant for creating dynamic lighting in a room. A literature study was 

performed to investigate which aspects influence the experience and acceptance of people towards dynamic 

lighting in an open-plan office space and to determine which gaps in literature could be filled by a follow up study. 

The following aspects were found to have an influence on the experience and acceptance of dynamic lighting. 

 

From literature we learned that daylight, sky type/weather changes, dimming speed, and change in light intensity 

have the largest influence. For the Philips Research study the dimming speed and change in light intensity are of 

most interest and easiest to control. Therefore the two climate related aspects are outside the scope of the 

project.  

The focus of this project is placed on four parameters; three system related elements, i.e. the dimming speed, light 

intensity change and fading time of the system, and one psychological related element, i.e. the perception of a 

luminance change. The dimming speed can be altered by the change in light intensity or the fading time. The 
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fading time is chosen because of the illuminance levels in office buildings. These are normally around 500 lux. For 

the fading time no regulations or guidelines are known up till now. 

The perception of change in luminance is important for this project because it determines how fast the dimming 

speed can be. If a change is not perceived as uncomfortable, this means that the dimming speed is not too fast. 

Dimming of the artificial lighting in an office can be triggered by different events:  

- A change in daylight contribution; clouds passing before the sun or blinds movement. 

- A change in occupancy level; someone enters or leaves the office. 

- Occupant preferences; the use of personal or shared control. 

The preferred or optimal dimming speed may be different for each of these situations.  

The choice has been made to focus the study on the dimming speed triggered by a change in occupancy level. The 

dimming speed can be well controlled for each participant and the length of the experiment fits the allocated time 

for the execution of the project. The variations in daylight, weather, and sky type have a large influence on the 

outcome of the experiment and therefore should be controlled in the current study. Dimming triggered by a 

change in daylight contribution could not be controlled during the allocated time of the project. 

Dimming triggered by occupant preference does not fit the scope of the project because in a shared control test 

each participant would need to have the same amount of control as an ‘actor’ making the change at predefined 

moments. The possibility exists that the participants change the settings back too soon or do not notice that a 

change has been made, because they could not see that an action is performed. Change of occupancy as a trigger 

is more controllable than a change in occupant preference with shared control. 

CHANGE IN OCCUPANCY LEVEL 

Two possible changes in occupancy level can occur in an office: people enter the workspace or people leave the 

workspace, resulting in the lights turning on and off. In an open office the occupants mostly do not enter and leave 

their workspace all at the same time but spread over the day. This might lead to a possible undesirable feedback 

response of the system when dimming per workstation. A difference in level of acceptance for co-workers 

between these two situations might exist. The first is that they notice the change of the light and receive feedback 

that the level in occupancy changes due to the entering of a person. The second is that they notice the change 

without feedback that the level in occupancy changes, because they do not see anybody enter or leave the room.  

RELEVANCE 

ACCEPTANCE OF CO-WORKERS 

So far, no studies have been published yet where occupants were asked what they notice if someone in another 

workplace, i.e. a co-worker, changes the light settings. In this study the focus is not on the person who initiates the 

change, but on the co-workers in an office.  

For the dimming behaviour to be considered acceptable at least 70% of the co-workers need to find it acceptable. 

The 70% acceptance level is based on the maximum achievable acceptance in a fixed light level lighting installation 

so that 70% of the office workers would be within 100 lux of their preferred light level (Boyce, et al., 2006). 
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Another important aspect is that by creating a better dimming behaviour the energy consumption can be reduced 

(Rubinstein & Enscoe, 2010). Also the user comfort can be improved, resulting in better work performance and less 

absenteeism of the occupants (Stenberg, et al., 1993; Boerstra, et al., 2012). Six studies performed research into 

the dimming speed of luminaires, of which two are related with the proposed study. The settings of these related 

studies and the proposed study are presented in Table 1 for dimming down and Table 2 for dimming up.  

DIMMING DOWN 

 

Table 1 – Comparable studies into dimming speed and proposed fading times for dimming down. 

Study ΔE [lux] Fading time Dimming speed Accepted by  

Akashi & Neches 

(2004) (N=20-26) 

500 to 20 

(Linear curve) 
10 seconds 30-37.5 lux/second 

50% of the 

participants 

Newsham, Mancini, 

& Marchand (2008) 

(N=39) 

400 to 240 without 

daylight 

(Linear curve) 

10 seconds 16 lux/second 
70% of the 

participants 

Proposed 500 to 200 0, 5, 10 seconds 
∞, 60, 30 

lux/second 

70% of the 

participants 

When dimming down Akashi & Neches (2004) dimmed the lights from 500 lux with 48 lux/s. 50% of the 

participants accepted the change with a dimming speed between 30 to 37 lux/second. 

Newsham, et al. (2008) dimmed from 400 lux with 16 lux/second, which was found acceptable by 70% of the 

partcipants.  

To see if it is possible to dim even faster when investigating the acceptance of co-workers, the proposal is to dim 

the lights from 500 lux with dimming speeds of infinity, 60 and 30 lux/second. 70% of the participants need to find 

it acceptable. The fading times that correspond to these dimming speeds are 0, 5 and 10 seconds. Dimming in 10 

seconds is expected to be accepted, 0 seconds is expected to be noticed and dimming in 5 seconds is to see 

whether there is a critical point. 

DIMMING UP 

 

Table 2 – Comparable studies into dimming speed and proposed fading times for dimming up. 

Study ΔE [lux] Fading time Dimming speed Accepted by  

Akashi & Neches 

(2004) (N=20-26) 

300 to 582 

(Linear curve) 
10 seconds 27 lux/second 

80% of the 

participants 

Proposed 200 to 500 0, 2, 5 seconds 
∞, 150, 60 

lux/second 

70% of the 

participants 

For dimming up Akashi & Neches (2004) dimmed the lights from 300 lux with 27 lux/s, which was found acceptable 

by 80% of the participants. 

To investigate the acceptance of co-workers, the proposal is to dim the lights up from 200 lux with dimming speeds 

of infinity, 150 and 60 lux/second. Again 70% of the participants need to find it acceptable. The fading times that 

correspond to these dimming speeds are 0, 2 and 5 seconds. These fading times are chosen because it is expected 

that dimming up can be done faster than dimming down, because you see a person entering and are probably 

more distracted by the entering than the change in light level. Again the 5 seconds should be accepted, 0 seconds 

should be noticed and 2 seconds is to see whether there is a critical point. 
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INFORMED VS NOT INFORMED 

The last relevant aspect of this study is that in most experiments participants were informed that some changes to 

the light might happen. For this study the participants were not informed that light changes in particular would 

happen. How this was done can be read in Chapter 2.3. | Procedure and task.  

1.2 | PROBLEM STATEMENT 

Based on the literature study this research focussed on the perception of changes in luminance of dynamic lighting 

in a room. The change in luminance should not be uncomfortable for building occupants. The aim is to find the 

maximum dimming speed that does not cause discomfort for co-workers. This dimming speed may be different for 

different triggering conditions.  

1.3 | LAYOUT REPORT 

Chapter 2 describes the methodology used; chapter 3 provides the results of the performed experiment. Chapter 4 

discusses the results for the different conditions. Finally chapter 5 provides an answer to the research question 

and hypotheses, and gives some recommendations for further research. 

1.4 | RESEARCH QUESTION AND HYPOTHESES 

Figure 1 represents the scheme model of the question with what speed we can dim the lights, triggered by a 

change in occupancy (i.e. leaving and arriving of a person), without causing discomfort to people in the office.  

 

 

 

 

 

 

 

 

RESEARCH QUESTION 

The research question is: 

What is the minimum acceptable dimming time of a granular lighting system in an open-plan office? 

The minimum acceptable dimming time is defined as the balance between the co-workers acceptance level and 

the system energy efficiency. For the dimming behaviour to be considered accepted a criterion has been defined 

that at least 70% of the co-workers need to find it acceptable.  

Perception of change 

in luminance 

Dimming 

speed 

Change in 

occupancy level 

Figure 1 – Scheme model of the research question. 



SATISFYING DIMMING SPEED FOR CO-WORKERS IN AN OPEN OFFICE – Master Thesis 2014, May 2
nd

  

13 | P A G E   P . T . J .  C R E E M E R S  

 

RESEARCH SUB QUESTIONS 

To consider aspects related to the research question the following sub questions were formulated: 

- What is a minimum acceptable fading time of a lighting system in an open-plan office, due to a person 

leaving his workplace, while insuring acceptance by co-workers? 

 

- What is a minimum acceptable fading time of a lighting system in an open-plan office, due to a person 

arriving at his workplace, while insuring acceptance by co-workers? 

HYPOTHESES 

Based on the research questions the following hypotheses were formulated: 

Hypothesis 1 

The dimming speed that does not cause discomfort to co-workers when a person leaves a workstation should be 

slower than when a person arrives at his workstation. 

• Acceptance dim down occupant leaves  < Acceptance dim up occupant arrives  

Hypothesis 2 

Co-workers will be less uncomfortable with the same dimming speed when they notice a person enter his 

workplace than when the lights are dimmed up without a change in occupancy level. 

• Acceptance dim up no change in occupancy  < Acceptance dim up change in occupancy 

Hypothesis 3 

Co-workers will sooner become uncomfortable by a change in occupancy level than by a change in luminance, 

regardless of the dimming speed. 

• Acceptance change in occupancy < Acceptance change in luminance   
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2 | METHODOLOGY 

This chapter describes the methodology used for the experiment performed. First the experiment room and 

luminaires will be discussed followed by the participants and the experimental procedure. The procedure, 

consisting of the performed task, the tested conditions, the provided surveys, and the performed light sensitivity 

test is described.  

2.1 | EXPERIMENTAL OFFICE DESIGN 

The experiment took place in the Experience Lab of Philips at the High Tech Campus in Eindhoven, Netherlands. 

Daylight has been controlled in the experiment by closing the blinds, in order to exclude the effect of weather 

changes and sky types during the study. The laboratory (see Figure 2) featured one large office room (L=7.2, 

W=7.2, H=2.8 m) where 5 workstations were placed. The office was furnished as an open office space for five 

occupants, with desks arranged perpendicular to the window. Only four workstations were used for the study. 

Each workstation had a desk (1.6x0.8m) with a computer and a 24 inch Philips Brilliance LCD monitor, having LED 

backlighting (screen luminance ~250 cd/m² (Philips, 2013)); an office chair, a mouse and key board. The office 

dividers were removed to create a more visible lighting effect than with having dividers. An overview of the 

experiment room can be seen in Figure 3. 

 

Figure 2 – The Experience lab. Set-up for the luminaire above desk 4 in a dimmed up condition (left), and in a dimmed down condition 

(right). 

Temperature and humidity was measured every 10 minutes at three places in the room (near the plant, on desk 5 

and on the fire hose cover in the bottom right of the room). On average it was 21.1°C (RH 28.5%). 
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Figure 3 – Floor plan of the test room with workplaces for the participants (Desk 1 to 3), workplace for the ‘actor’ (Desk 4), luminaires that 

would remain at initial light level (L1 to L3) and dimmable luminaire (L4). Desk 5 would remain unoccupied. 

The electric lighting system consisted of six recessed Philips PowerBalance LED Luminaires (0.6x0.6m²). The lamps 

were 3000K, CRI 80, LED28S. The walls perpendicular to the outside wall were lit by 2x 5 semi-recessed Philips 

StyliD Compact power LED spots. The lamps were 3000K, CRI 80 warm white, SLED1700. All luminaires were 

dimmed by DALI drivers. The desktop illuminance contribution from electric lighting was measured with a 

calibrated LUX meter and is provided in Table 3. 

Table 3 – Desk illuminance contribution from electric lighting, black screen and white screen display and luminance ratios screen – desk and 

screen – wall. The measurement points can be seen in Figure 3, indicated with a ‘+’. 

 Black Screen White Screen 

Desk Initial [lux] L4 dimmed [lux] Initial [lux] L4 dimmed [lux] 

1 546 510 563 525 

2 557 500 565 510 

3 545 440 560 456 

4 543 310 558 328 

 Ratio screen – desk  Ratio screen – wall 

Desk Initial L4 dimmed Initial L4 dimmed 

1 1:3.46 1:3.73 1:4.10 1:4.29 

2 1:2.99 1:3.26 1:4.11 1:4.10 

3 1:3.46 1:4.05 1:4.43 1:4.85 

4 1:3.71 1:5.56 1:4.90 1:5.05 
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One remark about the dimming has to be made. The system was not able to dim to 200 lux as was originally 

proposed for this experiment. This had to do with the scope of the research: ceiling based luminaires and no 

directional spots. Because the luminaires are diffuse it was not possible to reach an illuminance lower than 310 lux 

on desk 4 without dimming the lights above desks 1-3 as well. The tested dimming speeds can be seen in Table 4 

for dimming down and Table 5 for dimming up. 
 

Table 4 – Proposed and tested fading times for dimming down. 

Study ΔE [lux] Fading time Dimming speed Accepted by  

Proposed 500 to 200 0, 5, 10 seconds 
∞, 60, 30 

lux/second 

70% of the 

participants 

Tested 540 to 310 0, 5, 10 seconds 
∞, 46, 23 

lux/second 

70% of the 

participants 
 

Table 5 – Proposed and tested fading times for dimming up. 

Study ΔE [lux] Fading time Dimming speed Accepted by  

Proposed 200 to 500 0, 2, 5 seconds 
∞, 150, 60 

lux/second 

70% of the 

participants 

Tested  310 to 540 0, 2, 5 seconds 
∞, 115, 46 

lux/second 

70% of the 

participants 

DIMMING CURVES  

Akashi & Neches (2004) and Newsham, et al. (2008) dimmed with a linear curve.  The measured dimming curves 

that were used for the experiment for all 6 fading times are shown in Figure 4 and Figure 5. According to Kryszczuk & 

Boyce (2002) nearly 100% of the people would notice a luminance reduction of 40% when dimming down from 

475 lux. Hence our luminance reduction should be noticed by at least 70% the participants when the change is fast 

enough. 

 

Figure 4 – Measurements of the DALI dimming curves used during the experiment for 3 fading times: 0, 5 and 10 seconds for dimming down. 

These dimming curves are measured on the desk of workstation 4. 
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Figure 5 – Measurements of the DALI dimming curves used during the experiment for 3 fading times: 0, 2 and 5 seconds for dimming up 

(Bottom). These dimming curves are measured on the desk of workstation 4 

2.2 | PARTICIPANTS 

56 participants (28 male, 31 female) were recruited from several Universities in the Netherlands. The majority of 

the participants were from the Eindhoven University of Technology. Each participant only participated in one 

session, which lasted from 9AM to 12PM. Four participants were scheduled at the same time to attend the 

laboratory on each testing day, although on 3 days only three participants attended and on 1 day only two 

participants attended. In return for their participation they received a small gift. The recruitment criteria required 

that the participants were between 18 to 30 years of age and were not working in the field or lighting application 

or perception or studying Building Physics.  

The participants were divided into 2 groups. 1 group, being the “actors”, had to leave and enter the room when 

instructed at predefined moments. These 15 participants were excluded for the analysis of the acceptance of the 

dimming speeds. 44 participants generated data for the dimming time acceptance analysis of which 19 were male 

and 22 were female. They experienced all 17 conditions. 3 others were an extra group to see whether they noticed 

a change. 

2.3 | TEST SESSION PROCEDURE AND TASKS 

The experimental schedule for each test day is shown in Table 6. The experiment was conducted in the period 25th 

November – 20th December, 2013 on weekdays from 9AM to 12PM, excluding the Tuesdays. 

The participants were free to choose a workstation and fill in a survey where demographic data was collected. This 

gave them enough time to get adjusted to the light settings. Thereafter the instruction for their task during the 

experiment was provided. A red button was placed on the bottom left of their screen when they were performing 

their task. When they noticed anything which was on the list, but also something else, they should press the 

button, indicate what they noticed and how acceptable it was to them (see Appendix B.1 | Demographic survey).  

Finally the procedure of the experiment was explained. There would be four parts: two larger ones separated by a 

small break, and two small ones at the end. The participants were not allowed to talk to each other during 

experiment room. After the procedure was clear to all the person behind desk 4 was told to put on the headphone. 
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This participant would receive a pop-up screen of a messenger at specific moments where he or she was asked to 

leave the room. The other participants were not allowed to leave the room during the experiment, except during 

the break.  

After less than one hour there was a small coffee break. The participants received the same instructions after the 

small coffee break as before. They were asked to resume their task where they left off and continued for another 

50 minutes.  

Table 6 – Experimental schedule for each test day 

Approximate time Duration (min) Task 

8:00 30 Researcher enters the room, turns lights on, starts up the equipment 

and runs a test 

8:45 15 Arrival, greeting, instructions, consent, assign to workstation 

9:00 15 Demographic survey 

9:15 60 Office based task (17 conditions) set 1 

10:15 15 Small coffee break 

10:30 60 Office based task (17 conditions) set 2 

11:30 15 Post-test survey, Light sensitivity test 

11:45 15 Office based task (6 conditions) informed 

12:00 10 Debrief, farewell 

12:10 15 Researcher checks the logging files, saves and copies the files, turn 

off the equipment 

After they finished performing their tasks they were asked to fill in a post-test survey and perform a short light 

sensitivity test outside the experiment room (described below), and go back into the experiment room again. 

They were informed that only light changes had occurred during the test session and were asked to perform the 

office based task for one last time. After this part the participants were told what the experiment goal was and 

finally they could leave. 

QUESTIONNAIRES 

The questionnaires were created with the use of an online questionnaire tool called Vovici EFM 7.1 from Verint 

Systems Inc.  

In the demographic survey some characteristics about the participants were asked such as age, gender, eye 

correction, and native language. Next to level of education and current job, they were asked how many hours they 

spend behind a computer per day. 

We asked them in the demographic survey as well as in the post-test survey when they thought they were most 

productive (morning, afternoon or evening) , how fast they are generally distracted from their work and how good 

they thought they could focus on their experimental task (Likert-scale). In the post-test survey they were asked to 

rate their own performance and the difficulty level of the provided task. Questions about room satisfaction and 

room appearance, and mood and arousal were also asked (After: Veitch, Charles, Farley, & Newsham, 2002).  

The average scores for room appearance, mood and arousal were 4.73, 4.97, and 3.95 prior to the test and slightly 

decreased to 4.53, 4.71, and 3.62 after the test. For more details about the questionnaires see Appendix B | 

Questionaires. 
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TASK 

The participants were asked to perform a typing/cognitive performance task. They all were asked to read and 

summarise several texts. They were given the instruction to capture the most important essence of each text they 

choose in 5 to 7 sentences. 18 different texts were provided of various length and subject. All were used in the 

High School English Exams on a pre-university education level (CITO). All provided texts are presented in Appendix 

C | Task. The texts and summary input fields were implemented on a webpage the participants could access. 

The reading and summarising was chosen to be done on a computer to be as close as possible to a typical office 

task and certain that the participants were looking at their screen and not on a paper on their desk.  

During the reading and summarising the participants were asked to press the ‘notice’ button on the bottom left of 

the webpage in situations when they would notice any change.  

The participant behind desk 4 also had to perform this task and in addition he was asked to leave and enter the 

room at predefined moments. He or she would receive a pop-up screen of a messenger with the text “please come 

out of the room.” Outside the room he or she received the additional task to solve a Sudoku. This task and the 

summarising task were neither saved, nor analysed.  

CONDITIONS 

Out of the 17 conditions tested eleven different conditions involved dimming while an ‘actor’ was leaving or 

arriving at his workstation, see Table 7 (dimming down) and Table 8 (dimming up). For dimming down from 500 to 

270lux there are six conditions when an ‘actor’ (i.e. the participants behind desk 4) leaves the room and a 

luminance changes occurs; three with no delay between leaving and a light change; and three with a time delay of 

5 minutes.  

Often in office buildings the delay time is set to 15 minutes. This has to do with the use of a motion sensor. The 

disadvantage of this sensor is that it only can sense motion instead of true presence. This means that it also senses 

a person walking or waving his hand. It is less sensitive to small movements, and would not detect a person sitting 

absolutely still. As a consequence, motion based presence sensing is prone to errors, leading to the situation when 

the person is sitting at his desk but not being detected by the system. To prevent these so called false negatives 

generally a sufficiently large time-out is being used. The time of the time-out is chosen in such a way that it is 

expected that a person would move at least once.  The interest of this experiment was only to see whether there 

would be a difference between a direct change in luminance when a person leaves his workstation and when there 

was a delay between a person leaving and the lights being adjusted. In this study the presence is sensed by the 

experiment leader. 

When dimming up from 270 to 500lux only three conditions were tested since no time delay is used upon arriving 

in occupancy based lighting control.  

Next to the nine conditions an additional eight conditions were mixed in. Two conditions where the actor would 

leave or enter the room, but no light changes would occur and six conditions where only a light change occurred 

(three conditions for dimming up and three for dimming down) without a change in occupancy.  All conditions 

were randomised for each day to avoid an order effect. In the randomisation dimming down was followed by 

dimming up and leaving and entering the room were consecutive to execute all conditions one after another in 

one go. The fading times were randomised as well.   
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Table 7 – 10 conditions for dimming down from 540 to 310 lux on desk 4, which the participants experienced. 

Dimming Down from 540 to 310 lux 

 Actor Leaves the room No action 

 System No delay Time delay of 5 min No Change Instant 

F
a

d
in

g
 

ti
m

e
 

0 seconds x x  x 

5 seconds x x  x 

10 seconds x x  x 

 Total conditions 3 3 1 3 

Table 8 – 7 conditions for dimming up from 310 to 540 lux on desk 4, which the participants experienced. 

Dimming Up from 540 to 310 lux 

 Actor Enters the room No action 

 System No delay No Change Instant 

F
a

d
in

g
 

ti
m

e
 

0 seconds x  x 

2 seconds x  x 

5 seconds x  x 

 Total conditions 3 1 3 

Due to the fact that two dimming down conditions cannot be consecutive and there are 3 dimming down 

conditions more than dimming up at least one dimming up condition when the actor enters the room had to be 

double. The fading time for this ‘extra’ dimming up condition was also randomised. 

After the light sensitivity test the participants were asked to go back in the room again, told that only light changes 

occurred, and needed to perform the same task and press the button when they noticed any change. During this 

‘informed’ part only the 3 dimming up, i.e. 0, 2 and 5 seconds, and the 3 dimming down, i.e. 0, 5 and 10 seconds, 

conditions would occur to see if they would notice them sooner than when they were not informed. 

LIGHT SENSITIVITY TEST 

After the participants had filled in the post-test survey they performed a light sensitivity test. This test was done to 

find the upper and lower limits regarding visual comfort of the participants. It was interesting to find out whether 

the participants could be categorised into three sensitivity groups. One group of participants is called 

‘photophobic’, liking low light levels; another group is called ‘photophilic’, i.e. liking high light levels; and a third 

group is called ‘neutral’, liking something between low and high light levels (Aries, 2005).  

Like in the test of Aries (2005) during the test the participants were seated behind a desk outside the experiment 

room with their body turned to the outside wall of the experiment room. The participant looked into a luminaire 

(Savio, 0.6x0.6m²; Driver: Philips Intertek), which was standing on a desk at height h=1.03m from floor to the 

luminaire centre. During the test the researcher was present to write down the value (% of full output) and to run 

the test. The luminous area was programmed to increase the light level from low to high, i.e. from 1 to 100% of full 

output, and vice versa within 30 seconds. The other lights in the room were turned off and there was no access to 

daylight. This light level corresponded to approximately 110 - 8000 cd/m² vertically. The luminaire was dimmed up 

and down three times. When dimming up the participants were asked to indicate when it became uncomfortable 

for them to look into the luminaire. At the moment the comfort limit was reached, the researcher registered the 
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corresponding % of full output. When dimming down the participants were asked to indicate the moment when it 

became comfortable for them to look into the luminaire. Between each measurement there was a break of 10 

seconds to adapt to the changed lighting levels. All participants (N=41) performed the light sensitivity test.  

After all sessions had been performed the luminance for each individual person was measured for all six moment 

the participant indicated it was either uncomfortable or not uncomfortable any more. This has been done with a 

luminance camera (LMK 5 Color – Calibrated 2013, May) and the use of the software LMK LabSoft Standard Color 

version 12.7.23 of TechnoTeam Bildverarbeitung GmbH. 

 

 

Figure 6 – Side view for the light sensitivity test maximum level (left) and minimum level (right). 

Table 9 shows the means and standard deviations for the light sensitivity test when dimming up from minimum to 

maximum output level, dimming down from maximum to minimum output level and the average. According to the 

light sensitivity test luminance levels where the first discomfort was indicated by the participants is between 1100 

and 4200 cd/m² (M=2582 cd/m², SD=1827). The boxplot in Figure 7 shows an average visual comfort limit of 1650 

cd/m². The graph on the right in Figure 7 shows the separate scores of the participants ranked according to their 

light sensitivity level. The blue (‘photophobic’), green (‘neutral’), and red (‘photophilic’) boxes are of about the 

same size and indicate the three light sensitivity groups. The mean and standard deviations of all groups is given in 

Table 10. These three groups are used for the comparison between the ‘photophobic’ and ‘photophilic’ 

participants and to explore whether there are differences in acceptance level for certain conditions. 

Table 9 – Luminance values for the Light Sensitivity Test for all participants (N=41). 

N=41 Min ���� max 

L [cd/m²] 

Max ���� min 

L [cd/m²] 

Total average 

L [cd/m²] 

Mean ± SD 2784 ± 2518 2381 ± 1581 2582 ± 1827 

95% Confidence 

Interval for Mean 

Lower Bound 

Upper Bound 

1989 

3579 

1882 

2880 

2006 

3159 
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Figure 7 – Left: Box plot of the luminance levels where the first visual discomfort was indicated by all participants (N=41). The majority of 

limits is shown between 1100 and 4200cd/m². Right: Participants ranked on Light Sensitivity and grouped into “Photophobic” (Blue, N=14), 

“Neutral” (Green, N=14), and “Photophilic” (Red, N=13). 

 

Table 10 – Luminance values for the Light Sensitivity Test for the three Light Sensitivity groups. 

 Photophobic N=14 

L [cd/m²] 

Neutral N=14 

L [cd/m²] 

Photophilic N=13 

L [cd/m²] 

Mean ± SD 910 ± 220 2102 ± 688 4900 ± 1100 

95% Confidence 

Interval for Mean 

Lower Bound 

Upper Bound 

783 

1038 

1705 

2500 

4235 

5565 

2.4 | DATA ANALYSIS 

The analysis of the data has been performed with the software IBM SPSS Statistics Release 22.0.0.0.  

Descriptives 

To see if there are significant differences for gender, age, workstation, day of the week or the light sensitivity 

several non-parametric tests have been performed. For the data as a whole a repeated measures anova has been 

performed. 

Since gender is a nominal variable (participants are either female or male) and they are not normally distributed a 

Mann-Whitney U-test was performed to see if there are any differences for all 17 conditions. 

The other grouping variables are all ordinal variables, and have less than 25 participants in each group. Therefore a 

Kruskal-Wallis Test has been performed for the other variables. 

A non-parametric test, called the Wilcoxon Matched-Pairs Signed Ranks Test, has been performed to see whether 

there are any significant differences for conditions with different fading times. 

The following significance level and rejection region were defined for all descriptives: 

Significance Level   Rejection Region 

α = 0.05    Reject the null hypothesis if p-value ≤ 0.05 
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Hypotheses 

For all hypotheses the acceptance level of dimming down and dimming up are dependent variables of the 

independent variable ‘Participant’.  

For hypothesis 3 (Acceptance change in occupancy < change in luminance) the acceptance of the change in 

occupancy is also a dependent variable of the independent variable ‘Participant’. Since the answers were 

measured on an ordinal scale and not ‘normally’ distributed a non-parametric Wilcoxon Matched-Pairs Signed 

Ranks Test has been performed to give an answer to the hypothesis. 

The following significance level and rejection region are applicable for all hypotheses: 

Significance Level  Rejection Region 

α = 0.05    Reject the null hypothesis if p-value ≤ 0.05 

 

2.5 | ENERGY SAVINGS 

The energy use when the luminaire above desk 4 is at its initial level is 10.5 W. When it is dimmed the energy use is 

0.35 W. Both energy uses are based on the specification (see Appendix G | Luminaire specifications) and the 

settings for the dim levels. 

Two possible scenarios are described below. These scenarios are been based on the average weekday occupancy 

profile for open-office zones and conference rooms in the study of Zhang, et al. (2013), Rubinstein & Enscoe 

(2010), and Reinhart (2004). One where many occupancy changes would occur during working hours, i.e. one co-

worker leaves 6 times on a working day, and one where only a few occupancy changes would occur during working 

hours, i.e. one co-worker leaves 3 times on a working day. These assumptions are based on a study performed by 

Galasiu and Newsham (2009). Both cases are compared to a base line where the light is continuously at its initial 

light level for the entire working day (8AM till 6PM).  

It is assumed that for the case where the occupant would leave 3 times he works from 8AM till 6PM. During that 

period he is present for 9 hours and absent for 2 times 30 minutes (1 hour on a total working day). For the case 

where the occupant would leave 6 times it is assumed that he works from 8AM till 6PM. During that period he is 

present for 6½ hours and absent for 5 times 30 minutes (2½ hours on a total working day). The assumed 

occupancy profile for all three scenarios is presented in Figure 8. 
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Figure 8 – Assumed occupancy profile for the base line, where 3 and 6 occupancy changes occur during a workday (8AM-6PM). 

The total energy used for the base line and the scenarios where 3 and 6 occupancy changes occur is calculated by 

Equation , Equation 2, and Equation 3. This is done for each of the three different fading times. 

������	��	
	���
,�		
� = �������� 	x	10	hours		 Equation 1 

  ������	�	�����
	,�		
� = �������� 	x	9	hours + �����
� 	x	1	hours			 Equation 2 

  ������	 	�����
	,�		
� = �������� 	x	7,5	hours + �����
� 	x	2,5	hours			 Equation 3 

  

To compare the different fading times with each other the following equations apply. Each scenario is compared to 

the base line, resulting in 12 comparisons (3 changes with dimming down in 0, 5 and 10 seconds with base line,  

and 6 changes with dimming down in 0, 5 and 10 seconds with base line. Both scenarios are with and without a 

delay).  
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Finally a comparison between dimming down with and without a delay has been made. 
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For the complete calculations see Appendix E | Energy savings. 
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3 | RESULTS 

This chapter describes the results of the different tests. 

3.1 | DESCRIPTIVES  

For the light change participants could rate 21 different settings and for the occupancy change they could rate 11 

different settings. 

When looking at the data as a whole no significant differences were found for all 12 dimming down settings for 

Gender, Age, Workstation, Day of the week or Light Sensitivity. No significant differences were found for all 9 

dimming up settings for Gender, Age, Day of the week or Light Sensitivity. However a significant difference was 

found for the Workstation (Greenhouse-Geisser p= 0.014). On average the acceptance level for dimming up is 

lower for workstation 3 than for workstation 1 and 2. 

No significant differences were found for all 11 occupancy settings for Gender, Age, Day of the week or Light 

Sensitivity. However a significant difference was found for the Workstation (Greenhouse-Geisser p= 0.010). On 

average the acceptance level for an occupancy change is lower for workstation 3 than for workstation 1 and 2. 

Gender (Mann-Whitney U-Test) 

No significant differences were found between the female and male participants for 20 settings where light 

changes occurred and 10 settings where occupancy changes occurred. 

However, a significant difference was found between female (N=22) and male (N=19) participants for dimming 

down in 0 seconds with a 5minute delay after a person left (p=0.045; F avg. acceptance = 4.64; M avg. acceptance 

= 5.79); and in case of arriving of a person when dimming up in 2 seconds (p=0.012; F avg. acceptance = 7.34; M 

avg. acceptance = 6.11). This means that the acceptance level towards a light change of female participants was 

lower than of male participants when a person left his workstation and the lights were dimmed down in 0 seconds 

5 minutes after the person left. The acceptance level towards and occupancy change of female participants was 

higher than of male participants when a person arrived at his workstation and the lights were dimmed up in 2 

seconds. 

Age (Kruskal-Wallis Test) 

No significant differences were found between the three age groups for 20 settings where light changes occurred 

and all 11 settings where occupancy changes occurred. 

However, a significant difference was found between the ‘<20’years old (N=8) and the other two age groups (20-24 

years N=25; 25-29 years, N=8) for dimming up in 0 seconds when the participants were informed that a luminance 

change might occur (p=0.026; ‘<20’-avg. acceptance = 4.00; ‘20-24’-avg. acceptance = 5.56; ‘25-29’-avg. acceptance 

= 5.88).  This means that the acceptance level towards a light change of participants under 20 years was lower than 

of participants between 20 and 24 years of age and 25 and 29 years of age when a person left his workstation and 

the lights were dimmed down in 0 seconds 5 minutes after the person left. 
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Workstation (Kruskal-Wallis Test) 

Table 11 shows the light conditions for which a significant difference was found between the different 

workstations. See Appendix D | Statistical results for all results. If a significant difference has been found it is 

between workstation 3 on one side and workstations 1 and 2 on the other side. The only exception is found for 

dimming up in 2 seconds when the participants were informed a luminance change might occur. In this case the 

significant difference is found between workstation 2 on one side and workstations 1 and 3 on the other side. 

Table 11 – Significant difference found between the workstations for different light conditions with a 95% confidence level.  

Light Condition p-value 
Average acceptance workplace  

1 2 3 

Dim down 5 seconds no change in occupancy 0.003 7.86; N=14 8.00; N=12 6.20; N=15 

Dim down 5 seconds no delay change in occupancy 0.024 8.00; N=14 8.00; N=12 6.93; N=15 

Dim down 10 seconds 5minute delay change in occupancy 0.024 8.00; N=14 8.00; N=12 6.87; N=15 

Dim up 2 seconds no change in occupancy 0.024 7.07; N=14 7.75; N=12 5.73; N=15 

Dim up 5 seconds no change in occupancy 0.026 7.71; N=14 8.00; N=12 6.73; N=15 

Dim up 2 seconds with change in occupancy 0.002 7.79; N=14 7.38; N=12 5.53; N=15 

Dim up 5 seconds with change in occupancy 0.017 7.86; N=14 7.92; N=12 6.30; N=15 

Dim down 5 seconds no change in occupancy participants 

informed 

0.018 7.29; N=14 7.83; N=12 5.93; N=15 

Dim down 10 seconds no change in occupancy 

participants informed 

0.024 8.00; N=14 8.00; N=12 7.13; N=15 

Dim up 2 seconds no change in occupancy participants 

informed 

0.046 5.93; N=14 7.42; N=12 5.73; N=15 

Dim up 5 seconds no change in occupancy participants 

informed 

0.021 7.36; N=14 7.00; N=12 5.73; N=15 

No significant differences were found between the workstations for the other 10 settings where light changes 

occurred and the 11 settings where occupancy changes occurred.  

Day of the week (Kruskal-Wallis Test) 

No significant differences were found between the weekdays for 20 settings where light changes occurred and 11 

settings where occupancy changes occurred.  

However, a significant difference was found between the Wednesday (N=10) and Friday (N=8) and the other two 

weekdays (Monday N=11; Thursday, N=12) for dimming up in 0 seconds when the participants were informed a 

luminance change might occur (p=0.037; Monday avg. acceptance = 6.18; Wednesday avg. acceptance = 4.70; 

Thursday avg. acceptance = 5.67; Friday avg. acceptance = 4.38). This means that the acceptance level towards a 

light change of participants on Wednesdays and Fridays was lower than of participants on Mondays and Thursdays 

when the lights were dimmed up in 0 seconds and the participants were informed that light changes might occur. 

Light sensitivity (Mann-Whitney U-Test) 

Table 12 shows the light conditions (blue) and the occupancy conditions (purple) for which a significant difference 

was found between the two extreme light sensitivity groups ‘photophobic’ and ‘photophilic’.  
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Table 12 – Significant difference found between the two extreme light sensitivity  groups for different light conditions (blue) and occupancy 

conditions (purple) with a 95% confidence level. 

Light Condition p-value 

Average acceptance light sensitivity 

groups  

Photophobic Photophilic 

Dim up 0 seconds no change in occupancy 0.016 6.36; N=14 4.62; N=13 

Dim up 0 seconds with change in occupancy 0.047 6.00; N=14 4.62; N=13 

Dim up 2 seconds with change in occupancy 0.024 7.75; N=14 6.39; N=13 

Dim up 5 seconds with change in occupancy 0.028 8.00; N=14 6.73; N=13 

Occupancy Condition p-value 

Average acceptance light sensitivity 

groups  

Photophobic Photophilic 

Leaving: dim down 10 seconds no delay 0.011 7.29; N=14 5.31; N=13 

Leaving: dim down 0 seconds 5 minute delay 0.046 6.86; N=14 5.15; N=13 

Leaving: dim down 10 seconds 5 minute delay 0.003 7.64; N=14 5.31; N=13 

Arriving: dim up 0 seconds 0.017 7.36; N=14 5.85; N=13 

Arriving: dim up 2 seconds 0.037 7.57; N=14 6.42; N=13 

Arriving: dim up 5 seconds 0.046 7.29; N=14 6.04; N=13 

Arriving: no light changes 0.013 7.57; N=14 5.92; N=13 

No significant differences between were found the light sensitivity groups for the other 17 settings where light 

changes occurred and the other 4 settings where occupancy changes occurred. 

3.2 | DIMMING DOWN  

The results for dimming down are shown in Figure 9. These are the results for the participants on workstations 1, 2 

and 3 (N=41), who rated the dimming on the continuous acceptance scale from very unacceptable (1), via neutral 

(4) to very acceptable (7) or not noticed (8). The dashed line represents the boundary value ‘acceptable’. The p-

values from the Wilcoxon Matched-Pairs Signed Ranks test are shown in Table 13. A comparison has been made 

between 2 different fading times.  

The Z-value indicates the difference between condition ‘x’ and condition ‘y’.  
a
 = Based on positive ranks (Wilcoxon Signed Ranks Test). Acceptance level of condition ‘x’ > Acceptance level of 

condition ‘y’. 
b 

= Based on negative ranks (Wilcoxon Signed Ranks Test). Acceptance level of condition ‘x’ < Acceptance level of 

condition ‘y’. 
c 
= Sum of negative ranks equals the sum of positive ranks (Wilcoxon Signed Ranks Test). Acceptance level of 

condition ‘x’ = Acceptance level of condition ‘y’. 

The following hypotheses are tested for dimming down. 

Tested hypotheses (Wilcoxon Matched-Pairs Signed Ranks Test) 

• H0,a Acceptance v dim down no change 0 seconds = v dim down no change 5 seconds = v dim down no change 10 seconds 

• H0,b Acceptance v dim down informed 0 seconds = v dim down informed 5 seconds = v dim down informed 10 seconds 

• H0,c Acceptance v dim down no delay 0 seconds = v dim down no delay 5 seconds = v dim down no delay 10 seconds 

• H0.d Acceptance v dim down 5minute delay 0 seconds = v dim down 5 minute delay 5 seconds = v dim down 5 minute delay 10 seconds  
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Table 13 – Test Statistic (Wilcoxon Signed Ranks Test) for all dimming down conditions with the three different fading times. 

a = Based on positive ranks. * = p-value < 0.05. 

Luminaire Dimming down No occupancy change (N=41) Dimming down informed (N=44) 

 0 vs 5 

seconds 

0 vs 10 

seconds 

5 vs 10 

seconds 

0 vs 5 

seconds 

0 vs 10 

seconds 

5 vs 10 

seconds 

Z -4.453
a 

-4.712
a 

-2.124
a 

-4.348
a 

-5.269
a
 -2.618

a
 

Asymp. Sig. 

(2-tailed) 

.000* .000* .034* .000* .000* .009* 

Luminaire Dimming down No delay (N=41) Dimming down 5 minute delay (N=41) 

 0 vs 5 

seconds 

0 vs 10 

seconds 

5 vs 10 

seconds 

0 vs 5 

seconds 

0 vs 10 

seconds 

5 vs 10 

seconds 

Z -4.105
a 

-4.646
a 

-1.219
a 

-4.020
a 

-4.199
a
 -1.984

a
 

Asymp. Sig. 

(2-tailed) 

.000* .000* .223 .000* .000* .047* 

 

Figure 9 – Average acceptance level of the participants on workstations 1, 2 and 3 who rated the dimming down on the acceptance scale 

ranging from very unacceptable (1), via neutral (4), to very acceptable (7) or not noticed (8) for the three fading times. N=41, informed  

(N=44). The dashed line - -  represents the boundary value ‘acceptable’(6). 

3.3 | DIMMING UP  

The results for dimming up are shown in Figure 10. These are the results for the participants on workstations 1, 2 

and 3 (N=41), who rated the dimming on the continuous acceptance scale from very unacceptable (1), via neutral 

(4) to very acceptable (7) or not noticed (8). The dashed line represents the boundary value ‘acceptable’. The p-

values from the Wilcoxon Matched-Pairs Signed Ranks test are shown in Table 14. A comparison has been made 

between 2 different fading times.  

The following hypotheses are tested for dimming up. 
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Tested hypotheses (Wilcoxon Matched-Pairs Signed Ranks Test) 

• H0.a Acceptance v dim up no change 0 seconds = v dim up no change 2 seconds = v dim up no change 5 seconds 

• H0.b Acceptance v dim up informed 0 seconds = v dim up informed 2 seconds = v dim up informed 5 seconds 

• H0.c Acceptance v dim up occupancy change 0 seconds = v dim up occupancy change 2 seconds = v dim up occupancy change 5 seconds 

 

Table 14 – Test Statistic (Wilcoxon Signed Ranks Test) for all dimming up conditions with the three different fading times.  

b = Based on negative ranks. 

Luminaire Dimming up no occupancy 

change (N=41) 

Dimming up occupancy change 

(N=41) 

Dimming up informed (N=44) 

 0 vs 2 

seconds 

0 vs 5 

seconds 

2 vs 5 

seconds 

0 vs 2 

seconds 

0 vs 5 

seconds 

2 vs 5 

seconds 

0 vs 2 

seconds 

0 vs 5 

seconds 

2 vs 5 

seconds 

Z -3.256
b 

-4.600
b 

-2.724
b 

-3.863
b 

-4.842
b
 -1.756

b
 -2.702

b 
-3.549

b
 -1.202

b
 

Asymp. Sig. 

(2-tailed) 

.001 .000 .006 .000 .000 .079 .007 .000 .229 

 

Figure 10 – Average acceptance level of the participants on workstations 1, 2 and 3 who rated the dimming up on the acceptance scale 

ranging from very unacceptable (1), via neutral (4), to very acceptable (7) or not noticed (8) for the three fading times. N=41, informed  

(N=44). The dashed line - -  represents the boundary value ‘acceptable’(6). 

3.4 | CHANGE IN OCCUPANCY  

The results for the occupancy change are shown in Figure 11. These are the results for the participants on 

workstations 1, 2 and 3 (N=41), who rated the leaving and arriving of the actor on the continuous acceptance scale 

from very unacceptable (1), via neutral (4) to very acceptable (7) or not noticed (8). The dashed line represents the 

boundary value ‘acceptable’. The p-values from the Wilcoxon Matched-Pairs Signed Ranks test are shown in Table 

15. A comparison has been made between the arriving and leaving with 2 different fading times or movements 

directions.  

The following hypotheses are tested for a change in occupancy. 
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Tested hypotheses (Wilcoxon Matched-Pairs Signed Ranks Test) 

• H0,a Acceptance v leaving: dim down no delay 0 seconds = v leaving: dim down no delay 5 seconds = v leaving: dim down no delay 10 seconds 

• H0,b Acceptance v leaving: dim down 5min delay 0 seconds = v leaving: dim down 5min delay 5 seconds = v leaving: dim down 5min delay 10 seconds 

• H0.c Acceptance v arriving dim up 0 seconds = v arriving dim 2 seconds = v arriving dim 5 seconds 

• H0,d Acceptance v leaving: no light change = v arriving: no light change  

 

Table 15 – Test Statistic (Wilcoxon Signed Ranks Test) for all occupancy conditions with the three different fading times, or no light change.  

a = Based on positive ranks; b = Based on negative ranks 

Actor Leaving: Dimming down No delay Leaving: Dimming down 5 minute delay 

 0 vs 5 

seconds 

0 vs 10 

seconds 

5 vs 10 

seconds 

0 vs 10 

seconds 

0 vs 5 

seconds 

0 vs 10 

seconds 

Z -1.709
a 

-1.275
a 

-.143
a 

-1.290
a 

-1.096
a 

-.130
b 

Asymp. Sig. 

(2-tailed) 

.087 .202 .886 .197 .273 .896 

Actor Arriving: Dimming up Leaving and arriving: No light change 

 0 vs 2 

seconds 

0 vs 5 

seconds 

2 vs 5 

seconds 

Leaving vs 

Arriving 

Z -1.407
a 

-.863
a
 -.095

a
 -1.876

a 

Asymp. Sig. 

(2-tailed) 

.159 .388 .924 .061 

 

Figure 11 – Average acceptance level of the participants on workstations 1, 2 and 3 who rated the occupancy change on the acceptance scale 

ranging from very unacceptable (1), via neutral (4), to very acceptable (7) or not noticed (8) for the three fading times. N=41. The dashed line 

- -  represents the boundary value ‘acceptable’(6). 

3.5 |HYPOTHESES  

The hypotheses are tested in this chapter.  
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3.5.1 | HYPOTHESIS 1: ACCEPTANCE DIM DOWN  OCC UPA N T L EAV ES  < ACCEPTANCEDIM UP  

OC CU PA NT  AR R IV ES  

The acceptance level of all the participants on workstation 1 to 3 are given in Table 16 for the first hypothesis, i.e. 

the acceptance level for dimming down when an occupant leaves his workstation is lower than the acceptance 

level for dimming up when an occupant arrives at this workstation. When a change in occupancy occurred, i.e. the 

actor arrived at workstation 4, 22 participants had either 2 times the 0 second condition, the 2 second condition or 

the 5 second condition. These ‘extra conditions’ are averaged, providing 41 responses for dimming up with a 

change in occupancy.  

Table 16 – Acceptance level (Mean and SD) dimming down without and with a delay of 5 minutes and dimming up. All with change in 

occupancy level; 1 = Very unacceptable, 4 = Neutral, 7 = Very acceptable, 8 = Not noticed, - = Not tested. N = Number of participants. P = 

Number of times the condition has been tested and evaluated. 

 Acceptance level Dimming 

down no delay 

Change in occupancy N=41 

Acceptance level Dimming 

down 5minute delay   

Change in occupancy N=41 

Acceptance level Dimming up 

Change in occupancy N=41, 

P=63 

vdim Mean SD Mean SD Mean SD 

0 seconds 5.51 2.09 5.17 2.05 5.37 1.68 

2 seconds - - - - 6.84 1.81 

5 seconds 7.61 1.30 6.95 1.94 7.31 1.51 

10 seconds 7.88 0.64 7.59 1.34 - - 

 

Tested hypotheses (Wilcoxon Matched-Pairs Signed Ranks Test) 

• H0.1 Acceptance v dim down no delay occupant leaves = v dim up occupant arrives for 0 and 5 seconds 

• H0.2 Acceptance v dim down 5minute delay occupant leaves = v dim up occupant arrives for 0 and 5 seconds 

 

Test Statistic 
a
 Based on positive ranks 

b
 Based on negative ranks 

 Down no delay vs Up Down 5 minute delay vs Up 

 0 seconds 5 seconds 0 seconds 5 seconds 

Z -.309
b 

-1.030
b 

-.536
a 

-1.187
a
 

Asymp. Sig. (2-tailed) .757 .303 .592 .235 

Decision 

No significant differences are found between the acceptance level for dimming down when an occupant leaves his 

workstation and the acceptance level for dimming up when an occupant arrives at his workstation. This is the case 

for both dimming down without a delay and with a 5minute delay.  

Tested hypotheses (Wilcoxon Matched-Pairs Signed Ranks Test) 

• H0.3 Acceptance v dim down 0 seconds = v dim up 2 seconds  

• H0.4 Acceptance v dim down 5 seconds = v dim up 0 seconds  

• H0.5 Acceptance v dim down 5 seconds = v dim up 2 seconds  

 

Test Statistic *p-value <0.05. 
a
 Based on positive ranks 

b
 Based on negative ranks 

 Down 0 vs Up 2 seconds Down 5 vs Up 0 seconds Down 5 vs Up 2 seconds 

 No delay 5 minute delay No delay 5 minute delay No delay 5 minute delay 

Z -3.073
a 

-3.582
a 

-4.739
b 

-3.504
b 

-2.754
a 

-.262
b 

Asymp. Sig. (2-

tailed) 

.002* .000* .000* .000* .006* .793 
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Dimming down No delay versus Dimming up 

Significant differences are found for the acceptance level when dimming down without a delay and dimming up for 

0 seconds dimming down versus 2 seconds dimming up (p-value = 0.001), dimming up is more accepted; 5 seconds 

dimming down versus 0 seconds dimming up (p-value = 0.000), dimming down is more accepted; and 5 seconds 

dimming down versus 2 seconds dimming up (p-value = 0.003), dimming up is more accepted. 

Dimming down 5minute delay versus Dimming up 

Significant differences are found for the acceptance level when dimming down without a delay and dimming up for 

0 seconds dimming down versus 2 seconds dimming up (p-value =0.000), dimming up is more accepted; and 5 

seconds dimming down versus 0 seconds dimming up (p-value = 0.000), dimming down is more accepted. 

3.5.2 | HYPOTHESIS 2: ACCEPTANCE DIM UP N O CHA NG E I N O CC UPA NC Y < ACCEPTANCE DIM UP 

CHA NG E I N O CC UPA NC Y  

For the second hypothesis, i.e. the acceptance level when dimming up without a person arriving at his workstation 

is lower than the acceptance level when dimming up with a person arriving at his workstation. The acceptance 

level of all the participants on workstation 1 to 3 is provided in Table 17.   

Tested hypotheses (Wilcoxon Matched-Pairs Signed Ranks Test) 

• H0 Acceptance v dim up no change in occupancy = Acceptance v dim up change in occupancy 

 
Table 17 – Acceptance level (Mean and SD) and Test Statistic (Wilcoxon Signed Ranks Test) dimming up with and without change in 

occupancy level for the different fading times. 1 = Very unacceptable, 4 = Neutral, 7 = Very acceptable, 8 = Not noticed.  N = Number of 

participants. P = Number of times the condition has been tested and evaluated. 

a = Based on positive ranks; b = Based on negative ranks; c= sum of negative ranks equals the sum of positive ranks. 

 Acceptance level Dimming up 

No change in occupancy N=41, 

P=41 

Acceptance level Dimming up 

Change in occupancy N=41, 

P=63 

p-value Z 

vdim up Mean SD Mean SD α ≤ 0.05  

0 seconds 5.51 1.80 5.37 1.68 .603 -.520
b
 

2 seconds 6.78 1.93 6.84 1.81 .849 -.190
b
 

5 seconds 7.44 1.47 7.31 1.51 1.000 .000
c
 

Decision 

No significant differences are found between dimming up without a change in occupancy and with a change in 

occupancy. The acceptance level when dimming up without a person arriving at his workstation is equal to the 

acceptance level with a person arriving at his workstation. 

3.5.3 | HYPOTHESIS 3: ACCEPTANCE CHANGE IN OCCUPANCY < ACCEPTANCECHANGE IN 

LUMINANCE 

For the third hypothesis, i.e. the acceptance level for a change in occupancy is lower than the acceptance level for 

a change in luminance, the acceptance level of all the participants on workstation 1 to 3 is provided in Table 18. 

Only the conditions that were triggered by an occupancy change have been taken into account. The combination 

between acceptance level for the occupancy change and for the luminance change has been investigated.  
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Tested hypotheses (Wilcoxon Matched-Pairs Signed Ranks Test) 

• H0 Acceptance change in occupancy = Acceptance change in luminance 

 
Table 18 – Acceptance level (Mean and SD) and Test Statistic (Wilcoxon Signed Ranks Test) for all conditions where occupancy and 

luminance change occurred simultaneously for the different fading times. 1 = Very unacceptable, 4 = Neutral, 7 = Very acceptable, 8 = Not 

noticed/not mentioned. N = Number of participants. P = Number of times the condition has been tested and evaluated. 

a = Based on positive ranks; b = Based on negative ranks. * p-value <0.05. 

N=41  Occupancy change Luminance Change p-value Z 

Leaving Vdim Mean SD Mean SD α ≤ 0.05  

Down no 

delay 

(P=41) 

0sec 6.05 2.01 5.51 2.09 .209 -1.255
a
 

5sec 6.39 2.20 7.61 1.30 .009* -2.623
a
 

10sec 6.44 2.09 7.88 0.64 .000* -3.687
a
 

Leaving        

Down 5min 

delay 

(P=41) 

0sec 6.12 2.11 5.17 2.05 .041* -2.041
a 

5sec 6.51 1.93 6.95 1.94 .399 -.844
b
 

10sec 6.49 2.09 7.59 1.34 .018* -2.369
b
 

Arriving        

Up 

(P=63) 

0sec 6.51 1.68 5.37 1.68 .003* -2.987
a
 

2sec 6.77 1.57 6.84 1.81 .656 -.445
b
 

5sec 6.67 1.82 7.31 1.51 .121 -1.552
b
 

Decision 

Significant differences are found for the acceptance level between a change in occupancy and a luminance change 

when dimming down in 5 seconds without a delay (p-value =0.005), the occupancy change is accepted less; 

dimming down in 10 seconds without a delay (p-value =0.000), the occupancy change is accepted less. When 

dimming down in 0 seconds with a 5 minute delay (p-value =0.020), the luminance change is accepted less; 

dimming down in 10 seconds with a 5 minute delay (p-value =0.009), the occupancy change is accepted less. And 

for dimming up in 0 seconds (p-value =0.002), the luminance change is accepted less. 

3.6 | ENERGY SAVINGS  

Based on the scenarios described in Chapter 2.5 the total energy used in Joule for the luminaire above desk 4 is 

presented in Table 19. The luminaire uses in the base line 378,000 Joule.  

Table 19 – Total energy use in Joule for the luminaire above desk 4 (L4) for the base line, 3 and 6 occupancy changes in 0, 5 and 10 seconds 

with and without a delay. 

 ETotal, Base line [J] ETotal, 3 Changes [J] ETotal, 6 Changes [J] 

 378,000 No delay 5 minute delay No delay 5 minute delay 

0 sec - 341,460 350,595 286,650 304,920 

5 sec - 341,501 350,636 286,732 305,002 

10 sec - 341,569 350,704 286,867 305,137 

Table 20 provides the results of energy savings when comparing both scenarios when dimming down to the base 

line. For both scenarios the comparison is made with and without a delay for each of the three different fading 

times. 
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Table 20 – Energy savings when comparing the total energy use for both scenarios with the base line with and without a delay for each of 

the three fading times. 

 ESave, 3 Changes vs Base line ESave, 6 Changes vs Base line 

 No delay 5 minute delay No delay 5 minute delay 

0 sec 10% 7% 24% 19% 

5 sec 10% 7% 24% 19% 

10 sec 10% 7% 24% 19% 

The results of the comparison between dimming down with and without a delay for the three different fading 

times are presented in Table 21. 

Table 21 – Energy savings when comparing the total energy use with and without a delay for both scenarios for each of the three fading 

times. 

 ESave, no delay vs 5 minute delay 

 3 Changes 6 Changes 

0 sec 3% 6% 

5 sec 3% 6% 

10 sec 3% 6% 
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4 | DISCUSSION 

When looking at the data as a whole no significant differences were found for Gender. However, a significant 

difference (p=0.045) is found between female and male co-workers for the light condition when dimming down in 

0 seconds with a 5 minute delay after the ‘actor’ left his workplace. This means that the acceptance level towards a 

light change of female participants was lower than of male participants when a person left his workstation and the 

lights were dimmed down in 0 seconds 5 minutes after the person left. Since both female and male co-workers 

found it on average not acceptable (acceptance level < 6, ‘acceptable’), this difference did not affect the 

conclusions of the experiment. When taking a closer look at the acceptance levels of both female and male 

participants when dimming down with a 5 minute delay there seems to be a trend that the acceptance level of the 

male participants is higher than for the female participants. For all conditions where a light change occurred the 

acceptance level of male participants is higher than for female participants. Only for two conditions (dimming 

down in 0 seconds without an occupancy change and dimming down in 0 seconds when the participants are 

informed) is the acceptance level of the female participants higher than for the male participants. Most studies in 

the literature review performed room do not report differences between females and males (Creemers, et al., 

2014). Similarly no gender differences were observed that would be consistently present in all conditions. 

When looking at the data as a whole no significant differences were found for Age. However, a significant 

difference (p=0.036) when comparing the three different age groups (<20, 20-24, and 25-29 years was found for 

the light condition when dimming up in 0 seconds when the participants were informed that a light change could 

occur. This means that the acceptance level towards a light change of participants under 20 years was lower than 

of participants between 20 and 24 years of age and 25 and 29 years of age when a person left his workstation and 

the lights were dimmed down in 0 seconds 5 minutes after the person left. However, the number of participants in 

the three different groups are not equally distributed which makes it hard to compare them. Also the number of 

participants per age group was low. Hence the statistical power of the results obtained is questionable. The 

participants were recruited using the age criteria, i.e. 18-30 years, in order to excluding differences that would 

occur due to age differences (Fortuin, 1951). When comparing the entire group that participated (students from 18 

to 30 years) to the working population (25-67 years) the results might differ, noticing the change less because they 

are less sensitive or notice it sooner because they require more light for the same task.  

When looking at the data as a whole Significant differences were found for the Workstation (Change in luminance: 

Greenhouse-Geisser p= 0.014; Change in occupancy: Greenhouse-Geisser p= 0.010). For the three different 

workstations there seems to be a significant difference between workstation 3 and the other two workstations for 

11 dimming settings. This is expected since workstation 3 is located directly opposite from workstation 4 where 

the luminaire was dimmed, and 1 and 2 located on a different ‘block’ (1.2m). Because workstation 3 is located 

directly opposite to workstation 4 the participant might see the light change in his direct vision, where the 

participants at the other workstations will see the light change in their peripheral vision. The illuminance 

contribution of the dimmed luminaire on desk 1 and 2 was 40 to 50 lux (7-10% of the total illuminance) compared 

to 100 lux (20% of the total illuminance) on desk 3. The luminance ratio between screen and desk increases slightly 

more on desk 3 (0.6) compared to desk 1 (0.3) and desk 2 (0.3). The same can be said for the luminance ratio 

between screen and wall, which increases more on desk 3 (0.4) compared to desk 1 (0.2) and desk 2 (no change).  

There seems to be a trend that the acceptance level of workstation 2 is higher than for workstation 1. For 14 

settings the acceptance level of the participants on workstation 2 is higher than on workstation 1, for 4 settings the 

acceptance level of the participants at workstation 1 is higher than at workstation 2, and for 3 setting the 

acceptance level is the same where the participants at both workstations did not notice the change. This might be 
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caused by the location where the changes happened. Workstation 2 is located next to workstation 4, where 

workstation 1 is located diagonal from workstation 4. The change at workstation 4 is more in the peripheral vision 

of the participant at workstation 1 than of the participant at workstation 2. This could indicate that the participant 

at workstation 2 notices the changes less than the participant at workstation 1. 

When looking at the data as a whole no significant differences were found for Day of the week. However, a 

significant difference (p=0.036) is found for the light condition when dimming up in 0 seconds when the 

participants were informed a luminance change might occur. When the luminance change occurred the 

participants found it less acceptable on Wednesdays (4.70) and Fridays (4.38) than on the other two days (Monday 

6.18; Thursdays 5.67). No clear reason can be provided for this difference. The number of participants is also too 

low to make a statement about this difference.  

When looking at the data as a whole no significant differences were found for the Light Sensitivity of the 

participants. However, a significant difference has been found between the ‘photophobic’ and ‘photophilic’ group 

when dimming up without an occupancy change (p=0.016); when dimming up with a person arriving at his 

workstation in 0 seconds (p=0.047), in 2 seconds (p=0.024) and in 5 seconds (p=0.028). In all 4 setting the 

acceptance level of the photophobic group is higher than for the photophilic group. In this comparison the groups 

have been equally distributed (‘photophobic’ N=14, ‘neutral’ N=14, ‘photophilic’ N=13). When performing the 

same comparison when the groups are distributed according to the quartiles of the boxplot in Figure 7 

(‘photophobic’ N=10, ‘neutral’ N=20, ‘photophilic’ N=11) no significant difference has been found for the 21 

settings. So it seems that this difference might be caused by 6 participants that are distributed differently.  

Since for the whole data no significant difference are found for Gender, Age, Day of the week and Light Sensitivity, 

although for some conditions separately a significant difference is found, the data is analysed as a whole and not 

divided into several groups. 

Uninformed versus informed 

When comparing the results of the acceptance level for dimming down without an occupancy change no 

significant differences are found for the whole data.  

When comparing the results of the acceptance level for dimming up without an occupancy change no significant 

differences are found for the whole data. However, a significant difference (p=0.003) is found when the lights were 

dimmed in 5 seconds. The acceptance level when the participants were informed was less (6.68) compared to the 

uninformed condition (7.44). This means that the participants noticed the luminance change less when they were 

not informed about the light changes. This is in agreement with studies found in literature (Creemers, et al., 2014). 

Dimming down with versus without a delay 

When comparing the results of the acceptance level for dimming down with and without a delay no significant 

differences are found for the whole data. However, a significant difference (p=0.037) is found when the lights were 

dimmed in 5 seconds. The acceptance level when the dimming was executed without a delay is higher (7.61) 

compared to the acceptance when dimming down with a delay of 5 minutes (6.95). This means that dimming down 

should be done without a delay. 

The average acceptance level of the participants on workstations 1, 2 and 3 for dimming down and up with various 

fading times is presented in Chapter 3.2 and 3.3. However, the focus of this study is which fading time is at least 

accepted by 70% of the participants. The percentage of the participants who rated the dimming down and 
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dimming up as acceptable (6), very acceptable (7) or not noticed (8) for the three fading times for the conditions is 

shown in Figure 12. A ‘*’means that the p-value ≤ α, indicates that the acceptance level for this fading time is 

significantly different from both other fading times.   

 

Figure 12 – Percentage of the participants on workstations 1, 2 and 3 who rated the dimming down and dimming up as acceptable, very 

acceptable or not noticed for the three fading times for the conditions: Occupancy change no delay (top left), Occupancy change 5min delay 

(top right), and Occupancy change (bottom). N=41. *p-value ≤ α =significantly different from both other fading times. 

The graph in Figure 12 indicates that there is a significant difference between dimming down in 0 seconds and 

dimming down in 5 or 10 seconds without a delay. This means that when an office worker leaves his workstation 

the light cannot be dimmed down in 0 seconds, but in 5 or 10 seconds in order to prevent discomfort to the co-

workers. 
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The acceptance level when dimming down with a 5 minute delay after a person left the room has the same result, 

although for all fading times the acceptance is less than without a delay. This means that when an office worker 

leaves his workstation the light cannot be dimmed down in 0 seconds, but in 5 or 10 seconds in order to prevent 

discomfort to the co-workers with and without a delay between the leaving of the participant and the light change. 

A significant difference is found between dimming up in 0 seconds and dimming up in 2 or 5 seconds. When 

dimming up is performed in 0 seconds this would not be accepted by at least 70% of the participants. When 

dimming up in 2 seconds and 5 seconds it is accepted. This means that dimming up cannot be done in 0 seconds, 

but has to be done in at least 2 seconds in order to prevent discomfort to the co-workers. 

One remark that has to be made is that the participants indicated when a change was (un)acceptable they 

responded that “I have more light, which is better/worse”, or “It is darker. I (do not) like this setting better than 

the previous.” They said nothing about the speed of the change, though they responded more frequently when the 

dimming was performed faster (lower fading time). Some participants only indicated that “the light level changed”. 

Hypothesis 1 Conclusion 

At the level α = 0.05 of significance, there is enough evidence to reject the null hypothesis and to conclude that 

dimming up when an office worker arrives at his workplace can be done faster than dimming down, with or 

without a delay, when the actor leaves his workplace. In Figure 13 the optimal fading times for dimming down and 

dimming up are sketched based on the results for this study. The 70% of the users’ acceptance level is indicated 

with for each fading time. 

According to the sketched graphs the fading time when dimming down without a delay might be lower than with a 

delay of 5 minutes and lies between 2 to 3 seconds (dimming speed is between 115 and 77 lux/seconds). Dimming 

down with a delay can be done with a fading time between 4 to 5 seconds (dimming speed is between 57 and 46 

lux/second) when still 70% of the participants would accept the luminance change. When dimming up it might be 

possible to do it even faster than the tested 2 seconds (dimming speed is 115 lux/second). But it is doubtful if 

participants would notice the difference between dimming up in 2 seconds or in 1.5 seconds when they are 

already distracted by a person arriving at his workstation. 

The first hypothesis that the acceptance level for dimming down when an occupant leaves his workstation is lower 

than for dimming up when an occupant arrives at this workstation is true.  

When comparing this to a real life situation it is likely that the dimming, both up and down, can be done even 

faster than shown in this experiment since the change would be noticed less due to the influence of daylight. The 

total luminance on the desk for each workstation would be provided by the daylight and the artificial light. When 

the daylight contribution is high enough luminance changes due to a change in occupancy would not be noticed.  

However, this is only the case for dimming connected to occupancy changes and does, for now, not include the 

dimming behaviour due to daylight changes or shared control changes. The dimming behaviour due to daylight 

changes might require a time delay to prevent frequent switching, but this is outside the scope of this study. 
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Figure 13 – Sketched optimal fading times for dimming down without a delay (top left), with a 5 minute delay (top right) and dimming up 

(bottom) while insuring acceptance by at least 70% of the co-workers based on results from the experiment. 

Hypothesis 2 Conclusion 

No significant difference has been found between the co-workers acceptance level when dimming up without a 

change in occupancy and the co-workers acceptance level when dimming up with a change in occupancy when the 

actor entered his workplace.  

However, the participants in this study only participated once and knew they were part of an experiment. If the 

study had been performed in a real life office building for several days or weeks, perhaps the light changes without 

a person arriving at his workplace would be less accepted than with the feedback of the arrival of a person at his 

workstation. The acceptance level might also become higher during the weeks on the one hand, i.e. the employees 
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would get used to it. On the other hand the acceptance level might be lower since they are less disturbed when a 

co-worker arrives to work and a luminance would occur than when they are working and suddenly the luminance 

levels would increase. Perhaps the change would also be noticed less in a real office due to the influence of 

daylight. If sufficient, it might mask the luminance increase above the desk of arrived co-worker.  

It is not possible to state that dimming up when the actor arrives at his workplace is accepted more than dimming 

up when no occupancy change occurs. The acceptance levels in both situations for each fading time are more or 

less equal, where dimming up in 0 seconds is on average not acceptable and dimming up in 2 or 5 seconds is. 

Hypothesis 3 Conclusion 

No significant difference is found that the acceptance level for a change in occupancy is less than the acceptance 

level for a change in luminance. This means that both the change in occupancy and the luminance change are both 

equally acceptable by co-workers. 

Significant differences are found in 5 of the 9 settings. In 3 of these 5 setting the acceptance level of the occupancy 

change is less (dimming down in 5 seconds without a delay; dimming down in 10 seconds without a delay; and 

dimming down in 10 seconds with a 5 minute delay). In 2 settings the acceptance level of luminance change is less 

than the occupancy change (dimming down in 0 seconds with a 5 minute delay and dimming up in 0 seconds. 

Although it seems that there is a significant difference in 5 of the 9 settings (see Table 18) it cannot be said that the 

acceptance level for a change in occupancy is less than a change in luminance. It seems that an occupancy change 

is accepted in all settings (acceptance level ≥ 6); while acceptance of a luminance change depends on the fading 

time. However, when a luminance change is not noticed this means that the participants did not experience a 

change and therefor did not find it unacceptable. This is more likely the case than when an occupancy change is 

not mentioned. It can be caused by the participants thinking that it was part of the task of the ‘actor’ and therefor 

did not report it when it happened after for instance 5 times. 

When linking this to a real life office building where people arrive and leave at different times for work or often 

have to go for a meeting or lunch, the occupancy change would probably be more accepted by co-workers since 

they know each other. Hence they might be bothered more by the light changes if they noticed them. Therefor it 

can be said that to give a solid answer to this statement it has to be investigated in multiple open office buildings. 

Energy savings 

From Table 19 it can be seen that when a few occupancy changes occur, an office worker leaves his workstation 3 

times per working day, that dimming down without a delay saves 36.5 kJ (10%) compared to the base line for 1 

luminaire. The difference between dimming down in 0 seconds or in 10 seconds is 0.1 kJ. When dimming down is 

performed with a 5 minute delay the energy saved is 27.4 kJ (7%) compared to the base line for a single luminaire. 

The difference between dimming down in 0 or 10 seconds is again 0.1 kJ. The difference between dimming down 

with and without a delay is caused by the 5 minute delay where the luminaire remains at its initial level (30% of full 

output) instead of the dimmed level (1% of full output).  

The relative savings of 10% when dimming down without a delay and 7% when dimming down with a 5 minute 

delay compared to the base line are independent of the fading time. The absolute differences are for 1 luminaire 

relatively low, meaning that it does not matter how fast the luminaire is dimmed down from an energy 

perspective. 
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When many occupancy changes occur, an office workers leaves his workstation 6 times per working day, that 

dimming down without a delay saves 91.1 kJ (24%) compared to the base line for 1 luminaire. The difference 

between dimming down in 0 seconds or in 10 seconds is 0.2 kJ. When dimming down is performed with a 5 minute 

delay the energy saved is 72.9 kJ (19%) compared to the base line for a single luminaire. The difference between 

dimming down in 0 or 10 seconds is again 0.2 kJ.  

For many occupancy changes the relative savings of 24% when dimming down without a delay and 19% when 

dimming down with a 5 minute delay compared to the base line are also independent of the fading time. The 

differences between the different fading times are also relatively low. This means that from an energy point of 

view it does not matter if this is done in 0, 5 or 10 seconds.  

Without a delay vs with a 5 minute delay 

When comparing the energy use of both dimming down without a delay and with a 5 minute delay to the baseline 

the relative savings are within 3% for a few occupancy changes and 5% for many occupancy changes. When 

comparing the energy use when dimming down without a delay to with a 5 minute delay the absolute difference is 

9.1 kJ for a few occupancy changes and 18.3 kJ for many occupancy changes. This means that when dimming down 

without a delay more energy can be saved than when dimming down with a 5 minute delay. The relative 

differences between the energy use when dimming down with and without a delay are 3% (few occupancy 

changes) and 6% (many occupancy changes). The energy savings are independent of the fading time, meaning that 

dimming down without a delay is preferred to dimming down with a delay from an energy perspective. 

Note that these differences are calculated with the luminaires and settings used in this experiment and that 

daylight is excluded. These savings are made for 1 luminaire for 1 occupant, but are cumulative if multiple 

workstations in one zone are unoccupied during the day, resulting in the dimming of multiple luminaires. The 

impact of granular dimming on the total energy use is described by Garza (2013). 

Acceptance vs Esave 

The two possible scenarios of Chapter 3.6 | Energy savings (few and many occupancy changes) are compared 

described for an acceptance perspective and an energy perspective separately in the previous parts. Since both are 

connected an optimal balance between the acceptance and energy savings must be found. 

From an energy perspective the savings between dimming down in 0, 5 or 10 seconds are 0.1 kJ for a few 

occupancy changes and 0.2 kJ for many occupancy changes. This is for one day for one luminaire. When this 

difference is multiplied for an entire office it can make a great difference on the energy bill of a company. Hence it 

would be best to dim down as fast as possible, i.e. in this case dimming in 0 seconds.  

When comparing the acceptance level for dimming down with and without a delay to each other dimming down in 

0 seconds is not accepted by at least 70% of the participants. Dimming down in 5 and 10 seconds are both 

accepted.  

For both scenarios it can be said that when combined with the energy saving measurements dimming down should 

be done in 5 seconds, saving as much energy as possible without causing discomfort to at least 70% of the 

participants. 
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5 | CONCLUSIONS AND RECOMMANDATIONS 

In this chapter the research sub questions and research question will be answered. Finally some recommendations 

for further research are given. 

5.1 | CONCLUSIONS 

Based on the results of this study the research sub questions and finally the research question will be answered. 

Note that in this study the focus was on the acceptance of co-workers, daylight was excluded, and the results are 

based on the participants (N=41, age <20-29) which were students. 

- What is a minimum acceptable fading time of a lighting system in an open-plan office, due to a person 

leaving his workplace, while insuring acceptance by co-workers? 

The optimal fading time of a lighting system in an open plan office space would be around 5 seconds without a 

delay, due to a person leaving his workplace, while insuring acceptance by co-workers. When dimming down 

without a delay from 540 to 310 lux it is acceptable for more than 90% of the participants (N=41) when dimming in 

5 seconds. Therefore the minimal fading time would lie between 0 and 5 seconds, and more likely between 2 and 3 

seconds for this age group. This results in a dimming speed of 77 to 115 lux/second which is twice as fast as found 

by Akishi & Neches (2004) in their study. This is might be due to the fact that in the current study the focus was on 

the acceptance of co-workers instead of the workers themselves. Also the luminaire above one desk was dimmed 

while in their study dimming occurred in the entire room.  

When dimming down with a 5 minute delay the optimal fading time of a lighting system in an open plan office 

space would be around 5 seconds, due to a person leaving his workplace, while insuring acceptance by co-workers. 

When dimming down with a 5minute delay from 540 to 310 lux it is acceptable for more than 80% of the 

participants (N=41) to dim in 5 seconds. Therefore the fading time would lie between 0 and 5 seconds, probably 

around 4 seconds for this age group, resulting in a dimming speed of 57.5 lux/second. This is slower than without a 

delay, but also 20 lux/second faster than in the study of Akishi & Neches (2004).  

- What is a minimum acceptable fading time of a lighting system in an open-plan office, due to a person 

arriving at his workplace, while insuring acceptance by co-workers? 

The optimal fading time of a lighting system in an open plan office space would be around 2 seconds, due to a 

person arriving at his workplace, while insuring acceptance by co-workers. When dimming up from 310 to 540 lux 

it is acceptable for around 75% of the participants (N=41) when dimming in 2 seconds. Therefor the fading time 

would lie between 0 and 2 seconds, probably around 1.5 seconds for this age group. This results in a dimming 

speed of 150 lux/second which is five times faster than found by Akishi & Neches (2004) in their study. Again this 

difference might be caused by the different focus and set-up of the studies. 

What is the minimum acceptable dimming time of a granular lighting system in an open-plan office? 

Based on this study the optimal dimming behaviour of a granular lighting system in an open-plan office space 

would dim down the lights from 540 to 310 lux when an employee leaves his workplace in 5 seconds (dimming 

speed is 46 lux/seconds) and dim up the lights from 310 to 540 lux when an employee arrives at his workplace in 2 

seconds (dimming speed is 115 lux/second) without causing discomfort to the co-workers.  
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5.2 | RECOMMANDATIONS  

For further research the following recommendations and advice might be taken into account.  

1. Age group 

To validate the results of this study the experiment should be done with participants of an older age group, for 

instance people from 30 to 50 years. Their light requirements for the same task are up to 3 times higher than for 

the participants used in this experiment (<20-29 years) (Fortuin, 1951). The proposed age group also represents 

better the working population (25 to 67 years) in the Netherlands than the participants used in this experiment, 

which were mostly students. When comparing the entire group that participated (students from 18 to 30 years) to 

the working population (25-67 years) the working population might notice the changes less because they are less 

sensitive or notice them sooner because they require more light for the same task. 

2. Fading time dimming down and up  

When dimming down a fading time of 10 seconds is not necessary. This has been done in this experiment since it 

was a starting point. From literature it was known that at least 70% of the participants would accept dimming 

down from 500 lux with dimming speeds of around 35 lux/second (Akashi & Neches, 2004). In this study it has 

been found that dimming down from 540 lux to 310 lux with a dimming speed of 46 lux/second, i.e. dimming in 5 

seconds, is acceptable for at least 80 to 90% of the participants. Dim down in 2 or 3 seconds without a delay when 

a person leaves his workstation, which was found in Figure 13 as a possible tipping point between acceptable and 

unacceptable for 70% of the participants.  

From an energy point of view it is better to dim down as fast as possible, but to dim up as slow as possible. From 

this study we know that when dimming up in 2 seconds it is acceptable for at least 75% of the co-workers and 

dimming up in 5 seconds is still noticed by 22% according to Figure 12. It would be interesting to know how slow 

dimming up could be performed from the perspective of the person that arrives at his. 

3.  Task 

Reduce the time for each setting or create a different office based task. Some participants said that near the end of 

the second hour of the experiment it was hard to perform the task as good as at the beginning. This might lead to 

participants looking somewhere else than at their screen or noticing the changes less due to fatigue. 

4. Workstation of the ‘actor’ 

Change the workstation of the ‘actor’ that leaves and enters the room. When the ‘actor’ would sit at workstation 1 

or 2 every co-worker in the room would see him leave or enter. Or mix the workstation at which an actor would sit. 

This would also mean that the dimming of the light would occur at different workstations. By doing this, it 

represents more a real life situation where employees that work in the same zone arrive and leave at different 

times for meetings. All participants will have a co-worker that sits opposite or next to the participant that leaves, 

still giving each participant a comparable condition. 

5. Luminaire type 

Use luminaires with a more direct spot. As can be seen in Table 3 the luminance contribution of luminaire 4 to 

each desk is larger for workstation 3 than for workstation 1 and 2. This has to do with the scope of the study: 
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ceiling based luminaires and no direct spots. It would be interesting to investigate if the results are also applicable 

when ceiling based luminaires are used that are less diffuse and have a more direct beam (beam angle < 85°).  

It would also be interesting to use a lighting installation where a larger illuminances range could be achieved at a 

single desk. In our set-up we were limited to be able to dim only between 540 and 310. 

6. Daylight 

Include daylight. From the literature study it is shown that daylight has a larger influence on the experience and 

acceptance of dynamic light in a room. In a real life office building daylight will also be present. This might alter the 

dimming speeds for both dimming down and dimming up. For the available time and resources it was not possible 

to include daylight in the experiment. It would be interesting to find out if and what the difference in fading time 

will be. The electric light changes will probably, depending on the daylight opening and contribution, not be 

noticed at all. 

7. Inform participant better about occupancy changes 

Inform participants that occupancy changes should be mentioned when noticed. It is still hard to make a statement 

concerning this hypothesis, since it is possible that the participants saw that a person left or arrived at his 

workstation, but did not mentioned it. It is plausible that the participant on desk 2 did not notice a person leaving 

or arriving, since it happened in their peripheral vision, or that the participants were focussed on their task that 

they did not see the person leaving and arriving or did not report it. Another possibility is that the participants 

were more focussed on the light than on occupancy changes since the experiment took place at Philips, linking 

Philips to light. Therefor a change in occupancy level should explicitly be mentioned when giving the instructions. 
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