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Executive summary 

 
Lighting is an important element of today‟s office design. Official guidelines require that there should be 
enough light (daylight and /or artificial light) present on the desks of office workers. However, no guidelines 
for the use of colored lighting are present, because less knowledge is available about the effects of colored 
lighting on humans‟ performance. To the best of my knowledge, no research is conducted investigating the 
effect of colored lighting on the creative performance of meeting room users. Mehta and Zhu (2009) 
performed only a creativity study concluding that the color blue could enhance creative performance. Inside 
knowledge about this effect could be very useful, both scientifically and business-wise. 

The main goal of this present research was to investigate the effects of several lighting characteristics 
on the creativity level of individuals and groups of meeting room users. These characteristics included the 
light level, color temperature, and the use of blue or red colored lighting. This experimental research supports 
the ongoing project “Meetings is Working” at Philips, which aims to define lighting conditions to support 
various meeting room activities. Furthermore, a group creativity measure was developed given that no valid 
group creativity measure is present in literature. 
 Inspired by and with respect to the ongoing Philips project, four lighting conditions were developed; 
(1) the conventional light setting including lower light levels and color temperatures, (2) the activating white 
light setting including higher light levels and higher color temperatures, (3) the activating light setting similar 
to light setting (2), plus blue colored lighting accents, and (4) the same activating light setting with red colored 
lighting accents. Blue and red colored lighting was chosen because these colors are mostly used in other 
scientific studies. 
 During the experiment, ninety-three participants were asked to perform various creativity tasks, 
individually and in groups of two or three participants. Individual and group creativity levels were assessed 
with the Remote Associates Test (Mednick, 1962), a word association test, and the creative brick/clip tasks, 
the generation of as much possible creative uses for these objects (Friedman & Förster, 2001). The Persuasive 
Message Evaluation (Zhu & Meyers-Levy, 2007) was used as an extra individual creativity measure to 
compare the results with those of Mehta and Zhu (2009), also using the PME task. Two advertisements with 
different visuals and a blue or red colored background were evaluated by participants, resulting in higher 
evaluation scores for the „creative‟ advertisement with a blue colored background. Creativity was also assessed 
with self-reported levels of individual, group, and individual within group creativity; Self Assessed Creativity. 
 Results from the creativity study showed that the conventional and activating white light setting were 
significantly different from each other on individual self-reported creativity levels. The activating white light 
setting including higher light levels and higher color temperatures revealed significantly higher creativity 
levels. Besides the significant effect of the „creative‟ advertisement for the colored light settings, in 
comparison to the settings without colored lighting, no significant difference between the blue and red 
colored light settings was found. Furthermore, no significant main effects of lighting condition on the RAT 
and creative brick/clip were revealed. 
 Individual and group creativity levels were assessed with the use of validated individual creativity 
measures, the RAT and creative brick. The group measures convergent validity was evaluated, resulting in the 
notion that these group measures should be further developed to properly measure group creativity. An 
important aspect, group processes, should be taken into account. 
In this present creativity study, with the use of well-established, validated individual creativity measures, no 
different effects of blue and red colored lighting on the creative performance of individuals and groups of 
meeting room users was revealed. What became clear from this study is that higher light levels and color 
temperatures could positively contribute towards individuals‟ creative performance. This creativity study, 
being the first research that investigated the effect of white and colored lighting on creativity, created an 
interesting starting point for future scientific research on this topic. 
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List of  definitions 

 
Creativity The production of ideas, insights, products, or problem solutions, which are both 

novel (i.e. original) and appropriate (i.e. useful; Amabile, 1983; Lubart, 1994; Ochse, 
1990; Paulus & Nijstad, 2003; Sternberg, 1988a; Sternberg & Lubart, 1991, 1995, 
1996, 1999). 

 
Light Radiation that is considered from the point of view of its ability to excite the human 

visual system (CIE international lighting vocabulary). 
 
Perceived light Characteristic of all sensations and perceptions that is specific to vision (CIE 

international lighting vocabulary). 
 
Validity  The scale measures what it has been designed to measure (Goodwin, 1998). 



 

2 

List of  abbreviations 

 
ANCOVA: ANalysis of COVAriance 

ANOVA: ANalysis Of VAriance 

ATTA:  Abbreviated Torrance Test for Adults 

BFI:  Big Five Inventory 

CAT:  Creatieve Aanleg Test (creative disposition test) 

CIE:  Commission Internationale de 1‟Eclairage 

CNS:  Central Nervous System 

GOAL:  Global Organization Applications Lighting 

ipRGC:  intrinsically photosensitive Retinal Ganglion Cell 

M:  Mean 

MPA:  Moderated Path Analysis 

MSA:  Measure of Sampling Adequacy 

PME:  Persuasive Message Evaluation 

POMS:  Profile Of Mood States 

RAT:  Remote Associates Test 

SAC:  Self Assessed Creativity 

SCN:  SupraChiasmatic Nucleus 

SD:  Standard Deviation 

SMA:  Simple Mediation Analysis 

Tc:  Color temperature 

TTCT:  Torrance Test of Creative Thinking 
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1 Introduction 

 
Lighting is an important element of today‟s office design. Official guidelines require that there should be 
enough light (daylight and /or artificial light) present on the desks of office workers (NEN-EN 12464-1 
2003). Scientific research confirmed that light is an important factor for office workers‟ health and 
performance (for reviews see Boyce, 2003; Rea & Fies, 2000).  

My master thesis project was part of the ongoing project “Meeting is Working” at the research 
department Global Organization Applications Lighting (GOAL) of Philips Lighting Eindhoven. This project 
aims to define a lighting concept for meeting rooms that is flexible and can support and enhance various 
meeting room activities with suitable lighting scenarios. In addition to defining the lighting concept, the 
objective of the project is to demonstrate the benefits of such a system over a conventional lighting system. 
Validation of the lighting concept is required before the product can be further developed. The part of the 
project for which I was responsible contained the investigation of the lighting concepts, developed for 
specific meeting room activities. More specifically, are the activities of meeting room users enhanced with 
these lighting concepts? 

For my master thesis study, we have decided to focus on one specific class of meeting room activities 
and the related light scenario: the creative light setting. The creative setting was designed to enhance creative 
processes such as brainstorm sessions for groups of meeting room users. In the design of this light setting, 
colored lighting was included. Specific effects of color on cognitive task performance are, however, not clear. 
Scientific studies found contradicting results about the effect of for example the color red on performance. In 
some studies red had a positive effect (e.g. Kwallek et al., 1990), while in others red had a negative effect on 
cognitive task performance (e.g. Elliot et al., 2007; Soldat et al., 2003). Moreover, the effects of color are a 
popular topic of current research, in particular in relation to performance on specific (mostly cognitive) tasks 
(Mehta & Zhu, 2009). However, the effects of colored lighting on the performance of creative tasks were not 
studied before. 
Following the ongoing project about the enhancement of creative activities of individuals and groups of 
meeting room users, I have formulated the following two research goals:  
 
1. To develop a research instrument for measuring the creativity of individuals and groups of meeting room users 
2. To validate this tool by testing the effect of different lighting conditions on the creativity of individuals and groups of meeting 

room users. 
 
These two research goals include the development and validation of a group creativity measure. This measure 
was included because the practical implication of the lighting concept for creative activities, like brainstorm 
sessions, are performed by groups of meeting room users. 

Besides the development of the group creativity measure, the effect of different lighting conditions 
was investigated, specifically the effect of colored lighting. I have formulated, therefore, the following 
research question for my master thesis report: 
 
What is the effect of colored lighting on the creativity level of individuals and groups of meeting room users? 
 
This research question is answered in this master thesis. Moreover, this thesis contributes to scientific 
knowledge in two ways. Firstly, this research gained more in-depth knowledge about measuring creativity on 
both individual and group level. Secondly, the effects of different lighting conditions on the creativity level of 
meeting room users were investigated. 

Validated individual creativity measures were selected and combined to form the individual and 
group creativity measures for my research. For all creativity measures the individual and group scores can be 
compared, showing whether group creativity can be measured in this way, practical and methodological. The 
different measures can also demonstrate an effect of colored lighting on creativity by comparing the creativity 
levels in different lighting conditions.  
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Summing up, the results of my master thesis contribute to research concerning the effects of colored lighting 
on the creativity of humans and support light designers during the development of new lighting concepts. 
 
This thesis is structured as follows: In Chapter 2, this thesis firstly describes the theoretical framework of the 
topic under research. In Chapter 3, the development of the individual and group creativity measures is 
described. Chapter 4 elaborates on the results of the experimental study measuring the effects of different 
lighting conditions, followed with the description of the second analysis, the validation of the group creativity 
measure in Chapter 5. In the last chapter the conclusions of this master thesis project are described, including 
recommendations for future research and the ongoing project “Meeting is Working”. 
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2 Theoretical framework 

This chapter provides the theoretical framework for this master thesis project, namely investigating the effects 
of colored lighting on creativity. Firstly, a technical explanation of light is given, what light is, how it is 
perceived by the human eye, and how it can be measured. This is followed by the effects of light, color, and 
colored light on humans, and a model is proposed. The second half of this chapter focuses on creativity and 
explains the determinants of creativity and how it can be measured.  
 

2.1 Light 

 
Light is a radiation considered from the point of view of its ability to excite the human visual system (CIE, 
international lighting vocabulary). Light is a specific part of electromagnetic wavelengths, ranging between 
380 nm and 780 nm (see Figure 1). These wavelengths stimulate the eye receptors which produce a visual 
sensation. There are two types of light sources; natural light and artificial light. Natural light is received 
directly from the sun and can vary in time, magnitude, spectral content, and distribution with different 
meteorological conditions (Boyce, 2003). Artificial electric light sources are for example the halogen lamp, the 
fluorescent lamp, the sodium lamp and the light emitting diode (LED; Boyce, 2003). This master thesis 
focused on artificial electric light, because this is a common, or sometimes the only used light source in 
meeting room environments. 
 Perceived light is defined as the characteristic of all sensations and perceptions that is specific to 
vision (CIE, international lighting vocabulary). Light enters the eye and reaches the retina; a light sensitive 
layer containing different photoreceptors like rods and cones. The rods are highly sensitive to light and can 
distinguish shapes and movements under very low light levels (scotopic vision). Cones are active during high 
light levels and can detect different colors (photopic vision). A cross section of the eye and the retina is 
shown in Figure 2. Recently a new non-visual photoreceptor was discovered in the retina: the intrinsically 
photosensitive Retinal Ganglion Cell (ipRGC) (Brainard et al., 2001; Thapan et al., 2001). The ipRGC‟s have a 
different spectral sensitivity compared to rods and cones, and are connected with the SCN (SupraChiasmatic 
Nucleus, located in the hypothalamus of the brain), which regulates the biological clock. (Berson, et al., 2002; 
Brainard & Hanfin, 2005). 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 1. Electromagnetic wavelength and the visible spectrum Figure 2. Cross section of the eye and the retina 
Source: Perception. Blake an Sekular, 2006 
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Besides the definition of (perceived) light and knowledge about how light enters the human body, it 
is of interest for this master thesis research to identify how light can be measured and characterized. The 
most often used measure for light is illuminance. The illuminance level of a surface equals the received 
luminous flux on a horizontal surface in lux (lumen/m²). For example on a sunny day, the illuminance level 
on an outdoor surface reaches levels of 100.000 lux. In comparison to artificial light in a normal office, the 
illuminance level typically varies between 200 and 750 lux (dictaat bouwfysich ontwerpen 1, fysica van de 
ruimte, TU/e). The current Dutch norm for the horizontal illuminance in offices is a minimum of 500 lux on 
the table for office tasks like reading and writing (NEN-EN 12464-1, ISO/CIE norm).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Relationship between different light characteristics       Figure 4. C.I.E. chromaticity diagram 
Source: Dictaat Bouwfysica - licht, TU/e 

 
Light can also be described with other characteristics; luminance (brightness measure in cd/m2), 

luminous flux (energy measure in lm), and luminous intensity (luminous flux per angle in lm/sr). In Figure 3, 
the relation between these measures is visualized. For this master thesis research the light intensity measure 
(illuminance) was the most important characteristic, because this measure is often pointed out in other 
research. The ongoing project of Philips also made use of the characteristics color temperature and 
monochromatic colored light to describe the lighting conditions. Color temperature (Tc) is a measure for the 
color of white light indicated by Kelvin (K). Low color temperatures (e.g. 3000 K) look more yellowish and 
are referred to as warm white light. Higher color temperatures (e.g. 6000 K) look more bluish and are referred 
to as cool white lights. Colored light is usually defined along three dimensions: hue, brightness and saturation 
(Blake & Sekular, 2006). Hue refers to the distinction between for example the colors red and blue. 
Brightness is the perceived quantity of light emitted by an object, and saturation refers to how washed-out or 
vivid a color is. Besides these dimensions, different surface colors can also be characterized by calculating the 
chromaticity coordinates (x and y) used in the CIE chromaticity diagram (see Figure 4). To sum up the 
lighting characteristics, illuminance, color temperature, and the colored lighting dimensions were used in this 
master thesis research to describe the different light settings. 
 

Illuminance (E) 

Luminous intensity 

(L) 

 

Luminance (I) 

 

Luminance flux 
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2.2 Effects of light on humans 

 
Many people spend most of their days working indoors, at workplaces with artificial lighting. Workplaces are 
provided with lighting to make sure that office workers can see their tasks and perform them well. Besides the 
influence via the visual system, the performance of office workers can be influenced through the circadian 
and perceptual system (Boyce, 2003). But what do we know about the effects of light via the different systems 
on office workers performances? 
 
Visual system 
Light enables us to see and perform visual tasks. When light levels increase, performance on visual tasks also 
increases to a certain extent (Boyce, Hunter, & Howlett, 2003). For some tasks, like reading and writing, 
natural and artificial light are equally beneficial. For other tasks, like fine color discrimination, daylight is 
superior over most artificial sources because of its continuous spectrum in the visible part (Santamaria & 
Bennet, 1981).  
 
Circadian system 
Light can also influence humans via the circadian system. The circadian system has a rhythm of 
approximately 24.5 hours, longer than the natural day and night rhythm. This rhythm is directed by light but 
can also be advanced or delayed by light at specific times (Dijk et al., 1995). The 24 hour day and night 
rhythm is regulated by the SCN in the human brain (see paragraph 2.1). The SCN regulates the rhythm 
through signaling different parts of the brain responsible for example the secretion of melatonin, a hormone 
which causes sleepiness. The levels of melatonin vary during the 24 hour-day, contrary with other daily 
rhythms like cortisol levels. In Figure 5, a 2-day rhythm of melatonin, cortisol (feeling more awake), body 
temperature and alertness is visualized. The performance of night shift workers could for example benefit 
from bright light, because light suppresses melatonin levels at night (Campbell et al., 1995). The workers 
become more alert, and make fewer errors. Unfortunately, this could also result in other effects, such as 
difficulties in falling asleep because the internal circadian rhythm and external light-dark cycle are misaligned 
(Boyce, 2003).  
 

 
 
 
 
 
 
 

Figure 5. Circadian rhythms of cortisol, melatonin, alertness and body temperature for two days 
Source: van Bommel, van den Beld, & van Ooyen, 2002 

 
Rüger et al. (2006) studied the effects of dim and bright light exposure during day- and nighttime. 

The results from this study showed significant differences between the dim and bright light condition for core 
body temperature and heart rate. During the day no differences between these physiological measures were 
present. On the psychological level other results were however revealed (see following paragraph). 

In this master thesis, the performance of meeting room users, office workers working approximately 
from nine in the morning until five in the afternoon, was investigated. Therefore, the described effects of 
light on the circadian system, during nighttime, were of less importance for this research. 
 
Psychological system 
Via the perceptual system, light can influence the cognitive state of humans, like moods and motivations 
(Veitch et al., 2008). Depending on the rationale and the context of the developed lighting conditions, 
humans could respond in different ways to the lighting condition they have been exposed to. 
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Rüger (2005) concluded from her study that bright light exposure during the day improved humans‟ 
subjective alertness. This result is not in agreement with the effects of bright light on alertness with 
physiological measures (Rüger et al., 2006). However, the researchers also measured the effects of bright light 
on self-reported sleepiness, fatigue, and energy levels. Results showed that participants reported to be less 
sleepy, less fatigued, and more energized in bright light compared to the dim light condition. These results 
were independent of the time of day. The researchers demonstrated with their study that the psychological 
responses to light were not similar to physiological responses, in contrast with what was expected. An 
important distinction is therefore made between the effects of bright light during the day on humans‟ 
physiological or psychological responses. Rüger and colleagues concluded that these different effects should 
be further investigated to clearly understand the mechanisms behind the effects of light on human alertness 
and performance. However, this effect was not studied to a large extent. The small number of performed 
studies revealed incomparable and unclear results, possibly a consequence of other dominant variables. 
Studying the effect of different lighting conditions on human performance would therefore be scientifically 
and economically beneficial (Boyce, 2003). 
 Thus, light can influence humans via the visual, circadian, and psychological system with various 
impacts. However, the largely unclear psychological effects of visual light may be a result of the different 
research goals and applied methods, such as the used performance tasks, environmental conditions, light 
sources, measured light levels, and reported light levels. Veitch, Newsham and Boyce (2008) however 
investigated possible linked mechanisms of light influencing office workers health and well-being and 
performance. They were able to clarify some of the proposed linked-mechanisms, and provided evidence in 
favor of the contribution of lighting quality to organizational productivity. The proposed linked-mechanisms 
were based on other study results and evaluated with an experimental study. Results revealed effects for two 
main pathways; the appraisal path and the vision path (see Figure 6). The appraisal path included strong 
effects (shown by the thick lines). This means that when the office lighting was perceived of higher quality, 
the space was rated more attractive, causing a better mood, less discomfort, and a higher satisfaction level was 
reported with the work environment and performance. For the vision path (shown by the black solid lines 
with double-headed arrows), a direct effect of visual capabilities on task performance was found. 

The appraisal path was of specific interest for this master thesis research because it provided insights 
into the effect of light on office workers health and well-being via the psychological system. Specifically, the 
perception of higher lighting quality associated with enhanced working performance. However, the appraisal 
path did not include all mechanisms under investigation in this research, such as the effect of colored lighting 
on cognitive task performance, and specifically creative performance. Therefore, studies concerned with these 
mechanisms were further elaborated upon to define a complete theoretical framework for this research 
concerning the effect of colored lighting on humans‟ creative performance. 
 

 
Figure 6. Linked mechanisms with lighting conditions 
Adapted from Veitch et al., 2008 
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2.3 Effects of color on humans 

 
The use of color and colored lighting in meeting room environments can create similar effects; a blue wall 
could for example be created with the use of blue colored lighting but also with blue paint. It is of importance 
for this master thesis to discuss the effect of color on human performance, because it could be related to the 
effects of colored lighting; an integrated part of this research. The effect of color was investigated from 
different points of view results, however, in various conclusions of comparable measured constructs. In this 
paragraph the most important insights in the literature about the effects of color on human performance are 
discussed.  
 
When investigating the effects of different colors, personal differences could influence the level of human 
performance. From the studies by Kwallek et al. (1997), and Dijkstra et al. (2008), we learned that the effect 
of different wall colors can be influenced by a person‟s stimulus screening ability; the level in how effective 
someone can screen out complex factors in an environment. For example, the measurement of personal 
characteristics should be taken into account by the development of the research method, because they could 
possibly influence the level of creative performance. 

Besides the possible influence of personal characteristics, color theorists believe that color can 
influence humans‟ cognition and behavior through learned associations. The color red is for example 
predominantly associated with danger and mistakes (e.g. blood, teachers red marks) and blue with openness 
and peace (e.g. blue summer sky, sea; Mehta & Zhu, 2009; Elliot et al., 2007; Kaya et al., 2004). The 
association of red with danger and green with go or good is strong and automatically activated (e.g. Courtney, 
1986; Bergum & Bergum, 1981). However, the color red can also have a „positive‟ effect. Elliot and Niesta 
(2008) showed in their study that the color red can make women more attractive. 

Furthermore, other studies were performed investigating the effect of color on humans‟ 
performance. Elliot and colleagues (e.g. 2007) did a series of studies investigating the effects on cognitive 
performance tasks (e.g. IQ task, anagram task). For example a study showed that participants scored lower on 
the IQ task when the color red was first presented in comparison to the colors green and grey. A comparable 
result was found in the study of Soldat et al. (1997). The results showed that the color blue or green enhanced 
cognitive task performance in comparison to the color red. However, comparable results were not found in 
other studies (e.g. Stone, 2003; Kwallek et al., 1990). These study results showed the contrary; the color red 
enhanced cognitive task performance in comparison to the color blue and green. A possible cause of these 
inconsistent results could be that in the study by Elliot et al. (2007) and Soldat et al. (1997) different 
associations of color were taken into account. Elliot and colleagues reported, for example, that the color red 
is associated with danger of failure, and specifically in achievement contexts. The studies concluding a more 
positive effect of the color red (Stone, 2003; Kwallek et al., 1990), did not have taken this into account. 
Therefore, the effect of the color red on humans‟ performance could be influenced by the context in which a 
specific task was performed. 

In a more recent study, Mehta and Zhu (2009) claimed to have resolved much of the reported 
inconsistent effects of color on cognitive task performance by taken into account two different activated 
motivations; approach and avoidance motivation. They performed in their study six experiments for which 
they compared the effects of the colors red and blue on different cognitive tasks. They concluded from their 
experiments that red activates an avoidance motivation, and blue activates an approach motivation. 
Comparable results were also found in studies by for example Friedman et al. (2002) & (2005) and Koch et al. 
(2008), referred to in the study by Mehta and Zhu (2009). Furthermore, they concluded that these activated 
motivations enhanced performance on a detailed oriented task and creative task respectively. Therefore, the 
study of Mehta and Zhu (2009) was of high importance for this master thesis research, because they 
investigated the effect of different colors on humans‟ creative performance. They concluded that the color 
blue, in comparison to the color red, enhanced creative performance via an approach motivation. 
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Summarizing the discussed results, the effect of color on cognitive task performance varies along the 
conducted studies. This could probably be a result of the different selected cognitive tasks for measuring 
humans‟ cognitive performance and controlling for other possibly influencing variables (e.g. stimulus 
screening ability, approach/avoidance motivation). Mehta & Zhu (2009) provided useful insights with their 
study about the effects of the colors red and blue on humans‟ performance by taken into account different 
activated motivations. They concluded that the color red activates an avoidance motivation, thereby 
enhancing performance on detailed-oriented tasks, and the color blue activates an approach motivation 
enhancing performance on creative tasks. This study was therefore of high importance, because they 
concluded that a specific color could enhance creative performance, the topic under investigation in this 
master thesis research. 

The effect of color and colored lighting on cognitive performance, and specifically creative 
performance, was not compared to my knowledge. Van Hagen et al. (2009) compared however the effects of 
color and white light with their study. The results showed that higher pleasantness scores were reported for 
high light intensities with the color red and low light intensities with the color blue. 
 

2.4 Effects of colored lighting on humans 

 
In the previous paragraph different studies were discussed revealing various effects of color on humans‟ 
cognitive performance. Therefore, colored lighting could probably influence humans‟ cognitive performance 
levels, also investigated in a few studies. Although most of these studies concerned biological effects as 
opposed to psychological effects, these studies will be briefly discussed in this paragraph.  
 

Recent studies showed that the ipRGC photoreceptor, the recently discovered photoreceptor, is 
particularly sensitive to short wavelengths (blue color; e.g. Brainard et al., 2001, Rea et al., 2005, Thapan et al., 
2001, Holzman, 2010). Blue light has been shown to improve cognitive performance and alertness (e.g. 
Lockley et al., 2006; Lehrl et al., 2007; Vandewalle et al., 2009; Figueiro et al., 2009, Laufer et al., 2009). 
Besides these positive study results towards the color blue, Lockley (2006) performed a study including color 
associations and found comparable results. Blue light was associated with higher attention levels and less 
sleepiness. Holzman even took it a step further and made an implication towards these positive effects of the 
color blue. He stated that blue colored lighting could probably enhance the performance of employees 
working indoors. This implication is an interesting thought, but was not accompanied with experimental 
evidence, and therefore less helpful for this master thesis research.  

Effects of colored lighting were however studied by Bašelj and Kobav (2009). They studied the 
effects of different colors on space experience by varying hue and saturation levels. Participants were seated 
in a box facing an illuminated wall which varied for every participant in four colors (red, yellow, blue and 
green) and three different saturation levels per color. The results showed that the different saturation levels 
for the colors red and blue did not make a difference in how the participants evaluated the experience of the 
space on various bipolar items (e.g. ugly/beautiful, light/heavy). When comparing the overall results between 
red and blue colored lighting, the evaluation scores were different from each other. For example the space 
was experienced more „beautiful‟, „calm‟ and „light‟ in blue colored lighting, in comparison to red colored 
lighting for which the space was experienced more „ugly‟, „exciting‟ and „heavy‟. The study by Bašelj and 
Kobav (2009) showed that an illuminated red or blue colored wall could change the evaluation scores on 
different items representing the experience of a room. This result is of interest for this master thesis research 
because they showed that different colored lightings could result in different psychological responses of 
people. Thereby, supporting this master thesis research with the aim to investigate possible different effects 
of colored lighting on humans. 

The final linked mechanisms map of Veitch et al. (2008) revealed that light could positively influence 
office workers performance via different pathways; the appraisal and vision path (see Figure 6). With their 
experimental study they concluded that the perception of higher lighting quality was associated with enhanced 
working performance via the appraisal path. Referring back to discussed results of the study by Bašelj and 
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Kobav (2009), colored lighting could change the way in which an environment is experienced. Relating this 
result to the positive link of light on office workers performance in the model of Veitch and colleagues 
(2008), experienced higher lighting quality through colored lighting could therefore possibly result in a better 
performance of office workers. This possibly positive link between colored lighting and office workers 
performance was important to mention, because it covers the topic under investigation in this master thesis 
research; the effects of colored lighting on office workers performance in meeting room environments. 
 
Concluding the previous paragraphs, several studies were performed discussing the different effects of light, 
color, and colored lighting. Current literature merely confirms that light is an important element of today‟s 
office design and different studies showed that light is an important factor of office workers‟ health and 
performance (for a review see Boyce, 2003). However, these studies did not reveal how light, color, and 
colored lighting exactly influence human‟s cognitive performance, and specifically creative performance. With 
regard to the discussed results from multiple studies about these effects on human performance, a model is 
proposed for the question under research in this master thesis: “What is the effect of colored lighting on the creativity 
level of individuals and groups of meeting room users?” This model proposes that an activating white light setting, 
including higher light levels and higher color temperatures, and blue colored lighting results in enhanced 
creative performance. The model includes three stages; meeting room conditions, lighting characteristics, and 
human performance. Different meeting room conditions could positively influence humans‟ creative 
performance, such as the use of natural materials (McCoy & Evans, 2002). In this research three specific 
conditions were evaluated and therefore applied in this stage of the model; light, color, and colored lighting. 
Furthermore, the following lighting characteristics were included in the second stage with regard to the 
discussed study results; higher light levels (Rüger et al., 2006), higher color temperatures, and the color blue 
enhanced humans‟ (creative) performance (Mehta & Zhu, 2009). Higher color temperatures were included 
because this characteristic was used in the light settings of the ongoing project at Philips. See Figure 7 for a 
visualization of the proposed model. 

In the following paragraph, more insight knowledge about creative processes shall be discussed 
before the proposed model was evaluated. The final model shall be presented in the results section of this 
master thesis. 
 

 
Figure 7. Proposed linked mechanisms of light and colored lighting on human‟s 
creative performance 
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2.5 Creativity 

 
Creativity is increasingly important for companies that rely on continuous new innovations, for example the 
launch of new product types (Ceylan et al., 2008). This is of importance because innovations are generally the 
result of creative thinking (Sternberg, 1999). Therefore, investigating possibilities to enhance creative 
performance is desired and economically beneficial. But what is creativity? This is an important question to 
ask, because various people can think differently about what, who, and whom are seen as creative. Being 
creative depends on a lot of different aspects; for example the motivation could contribute to when 
something or someone is seen as creative (Baas, 2010). Besides the definition of creativity, it is important to 
discuss the difference between individual and group creativity and how creative processes can be influenced, 
because this is an integrated part of this master thesis research. But how could individual and group creativity 
levels be determined? Various measurement tools could for example measure different dimensions of creative 
processes. Therefore, different creativity measures are also discussed in this paragraph. 
 

2.5.1 Definition of creativity 

The definition of creativity was formulated in various creativity studies and, unfortunately, in very different 
ways. Sternberg (1999) formulated one broad definition through combining various aspects of the different 
creativity definitions. The formulated definition of Sternberg was adopted in this master thesis research:  
Creativity is the production of ideas, insights, products, or problem solutions that are both novel (i.e. original) and appropriate 
(i.e. useful) (Amabile, 1983; Sternberg, 1988a; Ochse, 1990; Sternberg and Lubart, 1991, 1995, 1996, 1999; 
Lubart, 1994; Paulus & Nijstad, 2003). 
 

2.5.2 Individual and group creativity 

According to Paulus and Nijstad (2003), creativity is not an individual process; it often involves social 
interaction between two or more people in, for example, a meeting room environment. The most important 
difference between individual and group creativity is that individual creativity cannot be influenced by group 
processes. According to e.g. Dunbar (1997) too little attention is however regarded towards the group 
processes related to group creativity. 

Both individual and group creative performances could be reduced by different aspects, such as 
stressful conditions (e.g. Schulz & Searleman, 1998; Carnevale & Probst, 1998; De Dreu & Nijstad, 2008; Van 
Hiel & Mervielde, 2003). In addition, diverse groups, openness, contact, and collaboration with each other 
could increase group creative performances (Paulus & Nijstad, 2003; Gielen, 2006). This effect could however 
be reduced when group members are concerned about their reputation and social face (Camacho & Paulus, 
1995), and have fear for making errors (Rietzschel et al., 2007). 

When investigating potential creative environments the measurement of personal characteristics, age, 
gender, and educational background could be useful to include, because they could possibly influence creative 
performance (Sternberg, 1999). In the dissertation by Baas (2010), different mood states are examined which 
could help or hinder creativity. This was investigated with the Dual Pathway of Creativity Model (DPCM) of 
De Dreu and colleagues (2008), which proposed two pathways evoking creativity, either via enhanced 
cognitive flexibility or via cognitive persistence. These two pathways could be influenced by different moods 
and motivations which resulted in cognitive activation. Baas concluded in his dissertation that creativity can 
be enhanced by both approach and avoidance motivations, whereas a successful avoidance motivation caused 
lower creative performance. His final conclusion was that creativity can only be enhanced when individuals or 
groups are cognitively activated through different mood states and/or an approach motivation. The effect of 
different motivations was also studied in research concerning the effect of color. From multiple studies was 
concluded that different colors can activate different motivations, specifically the activation of avoidance 
motivation with the color red (Elliot et al, 2007; Friedman et al., 2002, 2005; Koch et al, 2008; Mehta & Zhu, 
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2009), and the activation of an approach motivation with the color blue (Mehta & Zhu, 2009). Consequently, 
a lot of factors could influence creative performance besides the investigated effect of colored lighting on 
creativity, the topic under investigation in this master thesis research. Therefore, it could be useful to include 
other measures in the research method, in addition to creativity measures. 
 

2.5.3 Creativity measures 

Creativity can be measured in various ways, depending on which dimension of creativity is preferred to 
measure. Quantifying creativity levels has been widely executed through different studies, and showed indeed 
several dimensions of creativity. For example in the dissertation by Baas (2010), creativity was divided into 
creative insights, fluency, and originality. Creative insights can be seen as the production of an answer to a 
problem which has only one correct answer, meaning that a higher number of correct answers indicate a 
higher level of creativity. This type of creative dimension is for example measured in the study by Baas (2010) 
and Mehta and Zhu (2009) and is also referred to as creative eureka. Creative fluency concerns the number of 
unique, non- redundant generated ideas or problem solutions, and was used as a creativity measure in 
different studies (e.g. Mehta & Zhu, 2009; De Vet & De Dre, 2007; Friedman & Förster, 2001; Guilford, 
1967). Creative originality concerns the originality or uncommonness of generated ideas, and is measured in a 
comparable way as creative fluency. Creative originality is extended with an originality rating of the generated 
ideas by judges, and is for example used in the study by Mehta and Zhu (2009). Furthermore, other studies 
applied other dimensions of creativity, namely creative composite and flexibility. Creative composite is almost 
similar to creative originality, only experts in the topic under research are used instead of randomly selected 
judges. Creative flexibility can be seen as a specific part of creative fluency and originality, because it uses the 
total number of distinct semantic applied categories for the number of generated ideas as a creativity measure. 
 Multiple studies included the first three discussed dimensions of creativity; creative insights, fluency, 
and originality. When investigating possible effects on creative performance, it could be beneficial to also 
apply these three dimensions as creativity measures. Therefore, the results could be more widely interpreted, 
because creativity was measured for different dimensions and results can be compared with multiple studies. 
 

2.6 Rationale 

 
In this final section of chapter two, the suggested research goals (see section 1.6) are reflected upon the light 
of the previously described theoretical framework. The practical goal of this master thesis research is to 
support light designers during the development of new lighting concepts, whereas the academic goal is to 
contribute to research concerning the effects of colored lighting on the creativity level of individuals and 
groups of meeting room users. Clearly, whilst investigating the effects of colored lighting on creativity, 
numerous aspects could be taken into account. Therefore, the most important study results are summarized 
from the previous paragraphs which resulted in a clear theoretical framework for this master thesis research 
and the formulation of the hypotheses.  
 
The theoretical framework of this master thesis research provided understanding about the effects of light, 
color, and colored lighting on humans. However, the study results did not all reveal similar results. Therefore, 
whilst measuring the effects of colored lighting on creative performance, different aspects should be taken 
into account. For example, the possible difference between low and high light levels on the cognitive 
performance of office workers. Evidence was present that higher light levels were associated with increased 
cognitive performance (e.g. Rüger et al., 2005). Different light levels and color temperatures were also applied 
in the developed lighting concepts of the ongoing project “Meeting is Working” at Philips. Therefore, high 
light levels and high color temperatures are interesting to include in this master thesis research to know 
whether these light characteristics could enhance creative performance. These characteristics were already 
included in the proposed linked mechanisms under „activated white light‟ which could possibly enhance 
creative performance (see Figure 7). 
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The observed effects of color on cognitive task performances also differed per study, specifically for 
the colors red and blue, which were often used and compared. A small number of studies concluded that the 
color blue enhanced creative performance (e.g. Mehta & Zhu, 2009), whereas other showed contradicting 
results in favor of the color red (e.g. Stone, 2003; Kwallek et al., 1990). Furthermore, the study by Mehta and 
Zhu (2009) is important for this master thesis research, because a comparable construct was investigated; the 
effects of the colors red and blue on creativity. They concluded that the color blue could enhance 
performance on creative tasks and red on detailed oriented tasks. It is therefore interesting to know whether 
comparable results can be found with this master thesis research when blue and red colored lighting is applied 
instead. The positive effect of the color blue was therefore integrated into the proposed linked mechanism as 
a possible positive effect of blue colored lighting on creative performance (see Figure 7). 
 For measuring the effects on the individual and group level, different creativity measures were 
discussed. Different studies showed that individual creativity levels can be properly measured using often-
applied validated creativity measures. The developed light settings of the ongoing project “Meeting is 
Working” had the aim to enhance creative activities, which is geared by the creative performance of a group 
of meeting room users. Group creativity measures, on the other hand, were not developed yet. This might be 
a result of the difference between individual and group creativity: the absence or presence of group processes, 
which is a complex construct and possibly not easy to measure. It was therefore of importance to select 
validated individual creativity measures which could be practically performed by groups of participant and to 
validate these group measures for the correct interpretation of the group creativity results.  

Concluding the theoretical framework with regard to the topic under research, the following hypotheses 
were formulated: 

1. In comparison to conventional (white) light settings, activating (white) light settings (i.e., high intensity, high color 
temperature) result in higher creativity levels of meeting room users 

2. The addition of blue colored lighting to activating light settings will result in (even) higher creativity levels 
3. The use of blue colored lighting will result in higher creativity levels than the use of red colored lighting 

 
Through the numerous inconsistent study results about the effects of the color red, no further expectation 
about the effect of red colored lighting on creative performance was therefore formulated. The three 
formulated hypotheses will be tested both for individuals and groups of participants. Furthermore, from a 
methodological standpoint the following hypothesis was formulated: 

4. Individual creativity measures can also be successfully employed to measure group creativity 
 
Studying the effects of lighting and colored lighting on the creativity level of individuals and groups of 
meeting room users would gain more inside knowledge for the scientific research areas concerning the effect 
of (colored) lighting and creative performance. The gained knowledge can also be used for the further 
development of the meeting room lighting conditions of the ongoing Philips project “Meeting is Working”, 
with the aim to enhance the activities of meeting room users. 
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3. Development creativity measure 

The development of the research method for the investigation of the effect of colored lighting on creativity 
can be further divined when it is clear how creativity can be measured on the individual and group level. In 
the previous chapter it was already pointed out that group creativity measures were not developed yet. It is 
therefore of importance for this master thesis research to first select validated individual creativity measures 
which could also be successfully employed to measure group creativity levels.  
 

3.1 Individual creativity measures 

Creativity levels can be measured for various dimensions of creativity (see section 2.5), namely creative 
insights (or eureka), fluency, originality, composite, and flexibility. These dimensions are shortly explained in 
this paragraph including examples of multiple validated individual creativity measures per creative dimension. 
 

3.1.1 Creative insights 

Creative insights include the generation of an answer to a problem which has one correct answer. The 
Remote Associates Test (RAT) from Mednick (1962) concerns the generation of the correct item associated 
with three presented items. For example the items „shelf‟, „read‟, and „end‟, should lead to the answer: „book‟. 
The total correct items are recorded, and a higher number of correct items indicate a higher level of creativity. 
This validated creativity measure is often applied in experiments with regard to the effect of manipulated 
variables on creative processes (e.g. Baas, 2010; Mehta & Zhu, 2009). 

Anagrams puzzles are another example of creative insights, and concerns the generation of a word or 
sentence through the use of all letters from another presented word or sentence. This task includes the 
measurement of the reaction time towards the correct found word. Lower reaction times indicate higher 
creative performance levels (Mehta & Zhu, 2009). 
 

3.1.2 Creative fluency 

Creative fluency concerns the generated number of unique, non- redundant ideas or problem solutions. A 
creative fluency measure was often applied in different studies concerning the measurement of unique ideas 
(e.g. Mehta & Zhu, 2009; De Vet & De Dre, 2007; Friedman & Förster, 2001; Guilford, 1967). Participants 
should for example generate as much as possible uses for a brick. A higher number of generated uses would 
indicate a higher creativity level. 
 

3.1.3 Creative originality 

Creative originality includes the measurement of the originality or uncommonness of generated ideas. An 
example of creative originality is the creative brick task. This measure includes the generation of as many 
creative uses for a brick within in one minute and was often applied in different (creativity) studies (e.g. Mehta 
& Zhu, 2009; De Vet & De Dre, 2007; Friedman & Förster, 2001; Guilford, 1967). This measure is 
comparable to creative fluency, extended with a rating of the uses by judges. Responses can be coded into 
three categories; total number of uses generated (creative fluency), mean creativity score as rated by a panel of 
judges, and the total number of creative uses, determined by a threshold which divided the uses in creative 
and not creative. Another variant of creative originality is the „design a toy‟ measure of Moreau et al. (2005). 
For this measure, participants were provided with a sheet of different parts, for which the use of five parts 
was required to draw a toy. Judges evaluate every design on how original and appropriate the design was on a 
7-point item scale. 
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3.1.4 Creative composite 

Creative composite is almost similar to creative originality, only experts in the topic under research are used 
instead of randomly selected judges. This dimension of creativity is therefore often applied as an extended 
version of creative originality, including comparable validated creativity measures (e.g. „design a toy‟ task). 
 

3.1.5 Creative flexibility 

Creative flexibility can be seen as a specific part of creative fluency and originality, because it uses the total 
number of distinct semantic applied categories for the number of generated ideas, as a creativity measure. An 
example of a measure including creative flexibility is the Abbreviated Torrance Test for Adults (ATTA), a 
short version of the Torrance Test of Creative Thinking (TTCT; Torrance, 1966). Both measures assess the 
level of creative fluency, originality, and flexibility. ATTA provides insight into the creativity of adults by 
quantifying different creative strengths, including creative thinking with pictures (figural tasks) and words 
(verbal tasks). Another creativity measure is the „Creatieve Aanleg Test‟ (CAT), a Dutch nonverbal creativity 
test including the grouping of similar figures (Van Dam & Van Wesel, 2006). This measure includes free 
response, so a high number of solutions were possible. The CAT is based on the theory of the Structure-of-
Intellect test of Guilford (1967), and measures the same creative dimensions as the ATTA; creative fluency, 
originality, and flexibility. 
 

3.2 Selected creativity measures 

For this research we focused on measuring 1) creative insights, 2) creative fluency, and 3) creative originality. 
Other studies often included the measurement of these creativity dimensions and were therefore chosen. 
However, not all creativity measures of these dimensions could be used in this research; therefore a criteria 
list for selecting the creativity measures was formulated. The most important criteria (1-3) were a result of the 
goal to develop a group creativity measure, see Table 1 for an overview of all criteria. 
 
Table 1. Criteria creativity measures 

 
Criteria Description 

1 Availability The measure should be made available by the developer(s) 

2 Language The measure should be available in Dutch language 

3 Individual & group The measure should be able to perform by individuals and groups of participants 

4 Different measures The measures should contain different measures of creative insight, fluency, and originality 

5 Reproduce The measure should be practical to use often and by other researchers 

6 Length  Participants should be able to complete all selected measures in 90 minutes 

7 Analysis The results of the measures should be able to analyze with Excel  

8 Environment The measures should be practical to perform in different environments 

9 Level The measures should be able to perform by individuals with different educational levels 

10 Appropriate The measures should be appropriate for this research 

 
 
The first criterion referred to the search for creativity measures which were readily available. Not all measures 
could be made freely available by the developers. The second criterion, the measure should be available in 
Dutch, is formulated because Dutch participants were selected for this research. The third criterion was 
important for the development of the group creativity measures. Only the validated individual creativity 
measures should be selected which were also able to be performed by groups of participants. With regard to 
other studies, the dimensions creative insights, fluency, and flexibility were often used as a measure of 
creativity. It would therefore be beneficial to select multiple creativity measures to include these three 
dimensions of creativity. Results from these measures could then be more widely interpreted because 
creativity was measured for multiple dimensions of creativity (criterion 4). Furthermore, the selected creativity 
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measures should be practical to use so other researchers, specifically employees of Philips involved with the 
ongoing project, should be able to reproduce the selected creativity measures (criteria 5 - 10). When newly 
developed lighting conditions of the project are for example made, the selected creativity measures could then 
be used again to measure the creativity levels. 
 
Through the evaluation of different validated individual creativity measures with the criteria from Table 1, a 
selection between the measures discussed in section 3.1 was made. The TTCT and ATTA creativity measures 
were not freely available, nor translated to Dutch. The CAT was also not available, so these three creativity 
measures were therefore not selected for this research measuring creativity. The creative behavior disposition 
scale was not selected because the questions were not practical to perform by multiple participants. The type 
of questions included the rating of different personal behaviors, which are therefore difficult to apply as a 
„group behavior‟. The remaining creativity measures all meet the criteria. However, multiple measures were 
available per dimensions, such as the RAT and anagram puzzles for creative insights, and the creative brick 
and „design a toy‟ for creative originality. The RAT was chosen above the anagram puzzles, because this 
measure was more often applied in comparable (creativity) studies (e.g. Baas, 2010). Finally, the creative brick 
was chosen above the „design a toy‟ task, because this measure was also more often applied as a measure of 
creative fluency, therefore meeting criterion 4 measuring creative insights, fluency, and originality. To sum up, 
the final selected creativity measures were: the RAT and the generation of as much possible (creative) uses for 
a brick. These measures all fit the predefined criteria described in Table 1, and were therefore used to 
measure creativity in this master thesis research.  
 

3.3 Individual and group creativity 

The individual creativity measures were selected regarding the formulated criteria, including the criterion that 
the individual creativity measure should also be practically feasible to perform by multiple participants. The 
RAT consists of 30 items, which could be easily divided into 15 items for individual participants and 15 items 
for groups of participants. For the generation of as much possible (creative) uses for a brick, another object 
should be used to prevent a repetition of this specific task. Therefore, another object was applied for the 
group creativity measure; the generation of as much possible (creative) uses for a clip. Besides these practical 
considerations about the applicability of the validated individual creativity measures on the group level, the 
interpretation of the group results should be further investigated and analyzed. Therefore, besides reporting 
the resulting group creativity scores, the group creativity measures should be validated to determine whether 
group creativity levels were indeed measured with the validated individual creativity measures; the RAT and 
creative brick/clip.  
 In addition, the Persuasive Message Evaluation (PME; Zhu & Meyers-Levy, 2007) is included as an 
extra individual creativity measure. This task is concerned with the evaluation of two different advertisements 
on three seven-point items assessing how „appealing, „favorable‟, and „effective‟ they found the advertisements 
were. Mehta & Zhu (2009) also used this task, concluding that when a blue colored background was applied 
the „creative‟ advertisement was more persuasive thereby gaining higher evaluation scores in comparison to 
the applied red colored background. The „detailed-oriented‟ advertisement gained higher evaluation scores 
with a red colored background in comparison to a blue colored background. In this master thesis research the 
colored background could be created by placing the advertisements on a flip-over in front of the wall 
illuminated with colored lighting (see Figure 8 and 9). Results from this individual creativity task could then 
be compared to the results of Mehta & Zhu (2009), evaluating whether higher evaluations score were also 
gained for the „creative‟ advertisement with blue colored lighting on the background, in comparison to red 
colored lighting. 
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4. Creativity study 

In this master thesis research, the effect of colored lighting on the creativity levels of individuals and groups 
of meeting room users was investigated by performing an experimental creativity study. This chapter provides 
a detailed description of the applied method and the found results from this creativity study investigating the 
effect of different lighting conditions.  
 

4.1. Method 
The current experimental study consisted of different creativity tasks, performed individually and in groups of 
participants in four different light settings in a between-subjects design. The participants, design, 
measurements, apparatus, and procedure of the experiment are described in this paragraph. 
 

4.1.1 Participants 

A total of 93 participants took part in this experiment, 53 men and 40 women with a mean age of 35 (range 
20-59). Participants were informed that they would have to perform individual and group tasks; no 
information about the light settings was given. Participants were students and employees and received a 
standard monetary compensation for their participation. None of the participants were color blind, but eight 
participants reported to be dyslectic. 
 

4.1.2 Design 

The experiment included a 4 (low/high light and color temperature levels; blue and red colored lighting) 
times 2 (individual and group creativity) mixed design. The four light settings were varied between groups of 
participants and individual and group creativity levels were measured within groups of participants. 
 

4.1.3 Apparatus 

The experiment was conducted in the DaVinci room of Philips Lighting Eindhoven, used as meeting room 
and experimental light lab. The light settings of the room were developed for this experimental study. 
Daylight was for the most part excluded through closed blinds, with a maximum of 54 lx daylight on the 
tables. Two tables were placed in the middle of the room. One of these tables was used for the individual 
tasks; three chairs were arranged evenly around this table to ensure more privacy (table 1). The group table 
had the same size, but with the chairs on one side to facilitate the tasks performed in groups (table 2; see 
Figure 8. 
 

4.1.4 Light manipulations 

Four meeting room light settings were developed through the manipulation of three lighting characteristics; 
(1) „conventional white light setting’, (2) „activating white light setting’, (3) „activating light setting + blue colored lighting’, and 
(4) ‘activating light setting + red colored lighting’. Light levels and color temperatures were adjusted with luminaries 
above the tables. Colored lighting was manipulated with LED‟s coloring the left wall of the room. In Table 2 
these characteristics are specified, reporting the horizontal illumination levels and color temperatures, 
measured on both tables with a chroma meter. Colored lighting coordinates were also measured with the 
chroma meter. These coordinates can be used on the CIE chromaticity diagram and were measured in front 
of the left wall at eye height when seated, approximately 0.90m (see appendix A). In Figure 8 a map of the 
DaVinci room visualizes the tables, the lighting, and other characteristics of the room. In Figure 9 photos of 
the four light settings are shown. 
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Table 2. Lighting conditions 

 
Lighting 
condition 

Light level 
(Lx) 
Table 1 

 
 
 
Table 2 

Color temperature 
(K) 
Table 1           Table 2 

Colored lighting 
(x; y) 
 

1 670 656 3100 3100 Off 
2 1114 1014 5500 5500 Off 
3 1208 1067 5500 5500 Blue (0,196; 0,137) 
4 1258 1217 5500 5500 Red  (0,579; 0,329) 

 

 
 
 
 
 
 
 
 

 
 

Figure 8. Map DaVinci room 

 
 

4.1.5 Measurements 

Participants performed different (creativity) tasks on paper, both individually and in groups of two or three 
participants. The Remote Associates Test (RAT; Mednick, 1962) concerned the generation of the correct item 
associated with three presented items. For example the items „shelf‟, „read‟, and „end‟, should lead to the 
answer: „book‟. The RAT included a total of 30 items, ten easy, ten moderate, and ten difficult. Fifteen items 
were performed individually and 15 items in groups of participants; both included five easy, five moderate, 
and five difficult items. 
 The Persuasive Message Evaluation (PME; Zhu & Meyers-Levy, 2007) concerned the individual 
evaluation of two different advertisements on three 7-point items scale ranging from „very disagree‟ until „very 
agree‟ on how „appealing‟, „favorable‟, and „effective‟  they found the advertisements were. Cronbach‟s alpha‟s 
of the three items for both advertisements were α = .81 and α = .91. Factor analysis confirmed one factor for 
the „detailed-oriented‟ advertisement, Eigenvalues = 2.19, and one factor for the „creative advertisement, 
Eigenvalues = 2.55; both representing the evaluation score per advertisement. 
 

 

Lighting 
conditions 

1 
„Conventional 
light setting‟ 
 
 

2 
„Activating white 
light setting‟ 
 
 

3 
„Activating light 
setting + blue 
colored lighting‟ 

4 
„Activating light 
setting + red 
colored lighting‟ 

 

 

              
 

 
 

 

Figure 9. Photo‟s of the four lighting settings 
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The individual Creative brick task (Friedman & Förster, 2001 in Mehta & Zhu, 2009) concerned the generation 
of as much possible applications for a brick within one minute (e.g. build a house with). All generated brick 
applications were evaluated by five judges on two 9-point items scale ranging from „totally not agree‟, until 
„totally agree‟, on how „novel‟ and „appropriate‟ they found the generated application was. The judges had 
similar characteristic as the participants. The creativity score for every generated application was computed by 
averaging the scores of all judges and for both items. The mean creativity score for every individual 
participant was computed by taking the sum of the creativity score of all generated applications and dividing it 
by the total number of generated applications. The average creativity score of all applications was used as a 
threshold for dividing the applications into creative or not creative: not creative < average creativity score ≥ 
creative. The total number of creative applications was computed per participant. Comparable generated 
applications, e.g. „build an office‟ and „build a shop‟, were classified to one group (see appendix B). The total 
number of different classifications was computed per participant. The total number of generated applications, 
mean creativity score, total number of creative applications, and total number of different classifications were 
measured per participant. For the group task, the Creative clip version was applied, concerning of as much 
possible applications for a clip within three minutes (e.g. use as a toothpick). Similar measures of the 
individual creative brick task were computed.  
 Furthermore, personality tasks were performed individually. The Dutch version of the Big Five 
Inventory (BFI; Denissen et al. 2008) included 44 items measuring five personal characteristics: „neuroticism‟ 
with eight items (e.g. „worries a lot‟; α = .78), „extraversion‟ with eight items (e.g. „is talkative‟; α = .73), 
„openness to experience‟ with ten items (e.g. „is inventive‟; α = .78), „conscientiousness‟ with nine items („is a 
reliable worker‟; α = .83), and „agreeableness‟ with nine items (e.g. „has a forgiven nature‟; α = .70), on a 5-
point items scale ranging from „totally not agree‟ until „totally agree‟.  

The Self Assessed Creativity (SAC) included ten items (e.g. „assess your own creativity on a scale ranging 
from 1 until 10‟), measuring self assessed creativity levels for „individual creativity‟ with four items, „individual 
within in group‟ with two items, and „group creativity‟ with four items (α = .80). Factor analysis extracted 
three pre-fixed components, Eigenvalues = 1.82, 1.62, and 1.83. 

The evaluation of the meeting room environment (Smolders, 2008) included 11 items (e.g. „interesting‟), 
measuring the evaluation of the room on a 5-point items scale ranging from „totally not‟ until „extreme‟. 
Factor analysis confirmed two factors, Eigenvalues = 3.63 and 2.30 for the two components „beautiful‟ with 
seven items (α = .83), and „clean‟ with four items (α = .67), with varimax rotation. 

The evaluation of the meeting room lighting (Smolders, 2008) included five bipolar items (e.g. „pleasant-
unpleasant‟), measuring the evaluation of the lighting on a 5-point items scale. Factor analysis confirmed two 
pre-fixed components: „pleasantness‟ (α = .70), and „intensity‟ (α = .59), Eigenvalues = 2.30 and 1.61. 

The propositions of the lighting included five items (e.g. „the lighting stimulates me‟), measuring the 
agreeableness of the propositions on a 5-point items scale ranging from „totally not agree‟ until „totally agree‟. 
Factor analysis confirmed one factor, Eigenvalues = 2.80 for the component „positive influence of light‟ (α = 
.86). 

The sensitivity to light (Smolders, 2008) included four items (e.g. „how many problems do you 
experience with your eyes when exposed to bright light?‟), measuring the sensitivity to bright light on a 5-
point items scale ranging from „totally not‟ until „extreme‟. 

The meeting room usage included three items (e.g. „how often do you make us of a meeting room?‟), 
measuring the frequency of use. 

General personal characteristics included the measurement of gender, age, educational background, and 
educational level. 

The Profile Of Mood States (POMS; Wald & Mellenbergh, 1990) included 32 items measuring five 
moods: „depression‟ with eight items (e.g. „lonely; α = .95), „anger‟ with seven items (e.g. „irritated‟; α = .82), 
„fatigue‟ with six items (e.g. „lifeless‟; α = .90), „energetic‟ with five items (e.g. „active‟; α = .78), and „tense‟ with 
six items (e.g. „insecure‟; α = .77), on a 5-point items scale ranging from „totally not until „extreme‟. The 
POMS was measured twice, before and after the experiment. 
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4.1.6 Procedure 

Depending on the schedule, individuals participated in the experiment with two or three persons at a time. 
The experiment always started with a pre-test including the color blindness test, and signing the standard 
confidential agreement of Philips. The color blindness test included the perception of three different cards 
representing the numbers 12, 5, and no number respectively. All participants passed this test. All tasks were 
separately printed on paper, with the exception of the last individual measures, and handed over one by one 
to the (groups of) participants. All tasks were introduced and were briefly explained orally. After finishing 
every task, the forms were collected before the next task was introduced. 

The individual and group (creativity) tasks were performed in the following order: POMS (first time), 
RAT individually, PME, creative brick, RAT in groups of participants, creative clip, BFI, SAC, evaluation of 
the meeting room environment, evaluation of the meeting room lighting, evaluation of the lighting 
propositions, sensitivity to bright light, general personal characteristics, and finally the POMS (second time). 

The order of the tasks was held constant for all participants, to control for possible influences of 
positive or negative experienced group processes. The individual tasks were measured behind table 1 and the 
group tasks behind table 2 (see Figure 8), so the participants had to change seats twice. Therefore, the 
participants could experience the room by walking between both tables. At the end of the experiment the 
participants were thanked for their participation and were given the monetary compensation. The total 
experiment took approximately one hour to complete. Before and after every experiment, daylight levels were 
measured with a lux-meter. 
 

4.2 Results 

The results of the creativity study were analyzed with SPSS 16.0 and described in this section. The scores on 
the creativity measures are first reported for individuals and groups of participants. With these measures 
creativity levels in the four light settings were calculated. Besides these objective creativity measures, the 
scores on the subjective creativity measure, Self Assessed Creativity, is reported for individual, individual 
within group, and group levels. In the last paragraph general individual measures are reported.  
 

4.2.1 Creativity measures 

The individual measures included the RAT, PME, and creative brick. The group measures included the RAT 
and creative clip. The results are described per measure and divided into individual and group scores when 
applicable. 
 

Remote Associates Test 
Figure 10 shows the mean total correct individual RAT items for every light setting. An ANOVA on 
individual RAT scores showed no difference between the light settings, F(3, 88) = 1.30, p = .28. Figure 11 
shows the mean total correct RAT items for groups of participants for every light setting. An ANOVA on 
group RAT scores showed no difference between the lighting conditions, F(3, 31) = 0.65, p = .59. 
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Figure 10. Bars presents mean individual RAT scores per  Figure 11. Bars presents mean group RAT scores per 
light setting with n: 22, 23, 23, 24    light setting with n: 9, 9, 9, 8 

 
 
 Persuasive Message Evaluation 
In Figure 12 and 13 the mean evaluations scores on the „detailed-oriented‟ and „creative‟ advertisements of the 
PME are shown. An ANOVA on the „detailed-oriented‟ advertisement showed no difference between the 
lighting conditions, F(3, 89) = 0.61, p = .61. A significant effect of lighting condition was found on the 
evaluation scores of the „creative‟ advertisement, F(3, 89) = 3.13, p = .03. Planned „deviation‟ contrast 
revealed a trend of higher evaluation scores on the „creative‟ advertisement for the blue colored light setting 
compared to the other three light settings, t(89) = 0.34, p = .06. Planned „simple (last)‟ contrast revealed 
however no significant higher evaluation scores on the „creative‟ advertisement for the blue colored light 
setting compared to the red colored light setting, t(89) = 0.06, p = .84, in contrast with Mehta & Zhu (2009). 
 

 

   
Figure 12. Evaluation scores on „detailed-oriented advertisement Figure 13. Evaluation score on the „creative advertisement 
for all lighting conditions     for all lighting conditions 
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 Creative brick & clip 
The individual creative brick task measured the total number of generated applications, mean creativity score, 
total number of creative applications, and the total number of classifications. ANOVA‟s of all measured items 
showed no significant differences between the lighting conditions, F(3, 89) for all measures ranging between 
0.05 and 1.34, and with p = ranging between .27 and .99. However, planned „simple (last)‟ contrast revealed a 
marginal significant higher mean creativity score for the blue colored light setting compared to the red 
colored light setting, t(89) = 0.20, p = .05. 

The group creative clip task measured the same items as the creative brick task. ANOVA‟s of all 
measured items showed no significant differences between the lighting conditions, F(3, 31) for all measures 
ranging between 0.39 and 0.83, and with p = ranging between .49 and .76. In Table 3 an overview of all mean 
scores for the creative brick and clip are shown. 
 
 
Table 3. Mean scores creative brick and clip measures 
 

Mean (SD) 
 
Conventional 
light setting 
 
 

 
 
Activating white 
light setting 

 
 
Activating light 
setting + blue 
colored light 
setting 

 
 
Activating light 
setting + red 
colored light 
setting 

Total number of 
applications 

  Brick 
  Clip 

 

 
 
6.86 (3.78) 
12.33 (4.47) 
 

 
 
6.83 (2.78) 
14.44 (7.14) 
 

 
 
7.04 (1.92) 
14.78 (4.58) 
 

 
 
6.75 (2.03) 
14.62 (3.34) 
 

Mean creativity score 
  Brick 
  Clip 

 

 
0.44 (0.51) 
0.50 (0.23) 
 

 
0.47 (0.34) 
0.53 (0.24) 
 

 
0.57 (0.21) 
0.57 (0.29) 
 

 
0.37 (0.26) 
0.63 (0.22) 
 

Total number of 
creative applications 

  Brick 
  Clip 

 

 
 
4.68 (2.32) 
6.00 (2.65) 
 

 
 
4.75 (1.89) 
6.78 (3.99) 
 

 
 
5.57 (1.85) 
6.89 (3.62) 
 

 
 
4.67 (1.79) 
8.38 (2.45) 
 

Total number of 
classifications 

  Brick 
  Clip 

 

 
 
5.00 (1.90) 
8.56 (2.70) 
 

 
 
5.04 (1.60) 
10.33 (3.74) 
 

 
 
5.30 (1.82) 
9.56 (2.30) 
 

 
 
4.71 (1.16) 
10.38 (2.00) 
 

 
 
 Self Assessed Creativity 
With the SAC items subjective creativity was measured on the individual, individual within group, and group 
levels. Participants reported the highest individual SAC scores of the activating white light setting (M = 0.31, 
SD = 0.69). An ANOVA on individual SAC scores revealed a marginal significant effect of lighting condition, 
F(3, 88) = 2.66, p = .05. Planned „simple (first)‟ contrast revealed significant higher scores of the activating 
white light setting compared the conventional light setting, t(88) = 0.68, p = .02, and significant higher scores 
of the blue colored light setting compared to the conventional light setting, t(88) = 0.62, p = .04. An ANOVA 
on individual within group SAC scores revealed no difference between lighting conditions, F(3, 88) = 0.98, p 
= .96. An ANOVA on group SAC scores revealed no difference between the lighting conditions, F(3, 88) = 
1.45, p = .23. However, planned deviation (first) contrast revealed significant lower scores for the red colored 
light setting compared to the other light settings, t(88)= -0.36, p = .04.  In Table 4 an overview of all mean 
SAC scores are shown. 
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Table 4. Mean scores SAC 

Mean (SD) 
 
Conventional 
light setting 
 
 

 
 
Activating white 
light setting 

 
 
Activating light 
setting + blue 
colored light 
setting 

 
 
Activating light 
setting + red 
colored light 
setting 

Individual -0.37 (1.18) 0.31 (0.69) 0.25 (0.65) -0.20 (1.23) 

Individual within group -0.02 (1.28) 0.01 (0.77) -0.08 (0.70) 0.08 (1.19) 

Group 0.19 (0.72) 0.06 (1.02) 0.13 (0.85) -0.36 (1.27) 

 
 

4.2.2 Explorative analysis 

The measured individual items (BFI, POMS before and after experiment, gender, age, education level, and 
education direction) were used as covariates in an ANCOVA. Analysis did not revealed items useful as 
covariate for the analysis of the creativity study. See appendix C for an overview of the means and SD‟s of the 
measured items. 

The subjective creativity measure (individual, group, and individual within group SAC) is used as 
covariate in an ANCOVA on the objective creativity measures, RAT and creative brick/clip. ANCOVA 
results did not show a significant effect of lighting condition on the objective creativity measures, with the 
subjective creativity measures functioning as a covariate.  

Simple mediation analyses (SMA) is performed to investigate whether an effect of lighting condition 
on the creativity measures is mediated through another item. Possible significant mediation effects were not 
expected due to uncorrelated items with lighting condition. SMA indeed revealed no significant effect of a 
mediator between lighting condition and the creativity measures. Moderated Path Analysis (MPA) also did 
not reveal a moderating effect of other items on the interaction between lighting condition and the creativity 
measures. 

Furthermore, other individual measured items (evaluation meeting room environment, and 
evaluation meeting room lighting, lighting propositions), measured how the different lighting conditions were 
perceived by the participants. Results on these measures showed that the activating light setting with red 
colored lighting had the highest scores on: the evaluation of the meeting room environment, component 
‘beautiful’ (M = 0.57, SD = 1.09), the evaluation of the meeting room lighting, component ‘pleasantness’ (M = 
0.17, SD = 1.01), and the lighting propositions, component ‘positive influence of light’ (M = 0.07, SD = 1.21). The 
conventional light setting had the highest score on the evaluation of meeting room environment, component 
‘clean’ (M = 0.42, SD = 0.84). The component ‘intensity’ of the evaluation of the meeting room lighting was the 
lowest for the activating light setting with blue colored lighting (see also appendix C). 
 

4.2.3 Final linked mechanisms map 

Summarizing the results from the creativity study, the mean scores on the objective creativity measures (RAT, 
PME, creative brick, and creative clip) were in favor of the activating light setting with blue colored lighting. 
Further analysis showed that the „creative‟ advertisement of the PME task had the highest scores in the 
activating light setting with blue colored lighting, and an ANOVA of the „creative‟ advertisement revealed a 
significant effect of lighting condition. However, the „detailed‟ advertisement of the PME task showed no 
significant effect of lighting condition, unless the highest reported evaluation scores in the activating light 
setting with red colored lighting. Therefore the mean scores from this study were comparable with the study 
by Mehta & Zhu (2009), but no hard concluding statements can be drawn with regard to the ANOVA results. 
The RAT (individual and group), creative brick, and creative clip did not revealed significant effects of 
lighting condition. 
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Furthermore, the subjective creativity measure were analyzed and showed a marginal significant 
effect of lighting condition on the individual SAC scores. Planned contrasts revealed significant higher scores 
of the activating white light setting compared to the conventional light setting, and significant higher scores in 
the activating light setting with blue colored lighting compared to the conventional light setting. No 
significant effects were shown for individual within group and group SAC scores.  

With these results the first three formulated hypotheses (section 2.6) were evaluated. The hypotheses 
were: 

1. In comparison to conventional (white) light settings, activating (white) light settings (i.e., high intensity, high color 
temperature) result in higher creativity levels of meeting room users 

2. The addition of blue colored lighting to activating light settings will result in (even) higher creativity levels 
3. The use of blue colored lighting will result in higher creativity levels than the use of red colored lighting 

 
The results from the creativity study revealed some support for the first and second hypotheses. The first 
hypothesis can be partly accepted because the results from the planned contrast on the individual SAC scores 
revealed significantly higher scores for the activating light setting. Furthermore, these results showed also 
some support for the second hypothesis that the addition of blue colored lighting can increase creativity. 
However, only a significant difference between the conventional light setting and the activating light setting 
with blue colored lighting was found, and not between the activating white light setting and the activating 
light setting with blue colored lighting. The second hypothesis was therefore not supported. The results from 
the PME showed that the activating light setting with blue colored lighting had higher scores than the red 
colored light setting. But similar results were however not supported for the red colored light setting on the 
„detailed-oriented‟ advertisement. Furthermore, no support from the other objective and subjective creativity 
measures were shown. The third hypothesis was therefore not supported. Referring back to the proposed 
linked mechanisms in section 2.6, a final model can be created from the creativity study results, see Figure 14. 
 

 
Figure 14. Final linked mechanisms of light and colored lighting on human‟s 
creative performance 
Note: green dotted line indicates a partly significant effect; the grey solid line indicates no effect 

 
This final linked mechanisms map visualizes that activating white light could positively influence humans‟ 
creative performance (green dotted line), and that blue colored lighting has no effect on humans‟ creative 
performance (grey solid line). The green dotted line indicates the positive significant effect of the activating 
white light setting on the individual subjective creativity measure. A solid green line would indicate a positive 
significant effect of this light setting on the individual and group, and objective and subjective creativity 
measures. However, the results contained some indications in favor of the positive effect of blue colored 
lighting on enhanced creative performance, but no statistical evidence was found in this study. 
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5. Group creativity 
In the creativity study (section 4), validated individual creativity measures were used to measure group 
creativity. However, group creativity measures were not developed yet. Measuring group creativity was an 
integrated part of this master thesis research, so the development of such a measure was of high importance. 
Validated individual creativity measures, appropriate to use on group level, were therefore selected (section 3). 
But what do the different group results from these measures tell us about group creativity? This chapter is 
concerned with the validation of this measure through further analyses of the group results. 
 

5.1 Convergent validity 

The selected creativity measures, the RAT and creative clip, could be evaluated in different ways. For this 
research the subjective creativity measure, Self Assessed Creativity on the group level, was used to validate the 
results with the objective measures. 
 
Convergent validity is concerned with the measurement of a valid construct measuring the intended behavior 
(Goodwin, 1998). It asks the question: “Do I measure what I want to measure?” Convergent validity of the 
group creativity measure can be evaluated through the comparison of the measured results of the Self 
Assessed Creativity on the group level (subjective), and the RAT and creative clip (objective). The individual 
scores on the SAC group measure were averaged per group, therefore making the data useful to be compared 
with the subjective creativity measures. The results were compared with the use of correlations (see Table 5). 
 
Table 5. Correlation table SAC vs. RAT and Creative clip 
 

 Self Assessed 
Creativity 

 
Group level 

RAT  
Total 

Easy items 
Neutral items 
Difficult items 

 

 
-0.11 
-0.28 
-0.13 
0.06 

 
Creative clip 

Total number of applications 
Mean creativity score 

Total number of creative applications 
Total number of classifications 

 

 
0.04 
-0.16 
-0.10 
0.07 

 

 
 
Results showed that correlation coefficients were negative or close to zero, meaning that higher subjective 
creativity levels could possibly be related to lower objective creativity levels or were not related. However, 
none of the correlations were significant. The SAC group measure showed fewer similarities with the RAT 
and creative clip measures, therefore revealing a low convergent validity of these group creativity measures. 

Besides the comparison of the objective measures with the subjective SAC measure on the group 
level, the objective measures could also be compared with the use of correlations. In Table 6 the results of 
this analysis is shown, revealing low to moderate positive correlations between the two objective creativity 
measures, including four significant correlations. The easy items of the RAT task correlated with two items of 
the creative clip, the mean creativity score, and the total number of creative applications. This could indicate 
that these measures behaved in a similar way. Further investigation of these results showed that 80% of the 
groups had all five easy items correct. These correlations could therefore also be a result of the rather easy to 
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perform items. Furthermore, the total number of classifications of the creative clip task correlated with two 
items of the RAT task, the total correct items, and for the difficult items. This could indicate that these 
measures also behaved in a similar way. The results of the difficult items showed that more than half of all 
groups had one difficult item correct. The high correlation could then also be caused by the difficulty level of 
these RAT items. Therefore, when comparing the RAT and creative clip task it would be more beneficial to 
look only at the correlations between the total correct RAT items and the creative clip items. These 
correlations were al positive of which one reached the level of significance; the total number of classifications. 
This correlation indicated that higher total correct RAT items could be related to a higher total number of 
classifications. Through the comparison of both objective creativity measures, the low convergent validity of 
these measures gained therefore some strength, but remains questionable. 
 
Table 6. Correlation table RAT vs. Creative clip 
 
 RAT 

Total 
(n=15) 

 
Easy items (n=5) 

 
Neutral items 
(n=5) 

 
Difficult items 
(n=5) 

Creative clip 
Total number of applications 

Mean creativity score 
Total number of creative applications 

Total number of classifications 

 
0.30 
0.14 
0.27 
0.34* 

 
0.28 
0.35* 
0.37* 
0.18 

 
0.15 
0.01 
0.07 
0.18 

 
0.27 
0.13 
0.29 
0.36* 

     

*. Correlation is significant at the 0.05 level (2-tailed) 

 

5.2 Group creativity measure 

In this master thesis research, group creativity was measured using validated individual creativity measures, 
the RAT and creative brick/clip. In the previous sections of this thesis, these measures were selected 
according to predefined criteria (section 3), and applied as a group measure in the creativity study (section 4). 
Before the results from the creativity study can be discussed, the group creativity measures were evaluated in 
this section. The measures were evaluated on its convergent validity, so could the group measures indeed 
reveal different group creativity levels? However, the results from this analysis showed that the convergent 
validity is questionable. The SAC measures on the group level did not revealed high correlations with the 
RAT and creative clip measures, and both measures correlated on a few items with each other. However, 
when the results from the individual and group creativity measures were compared, more significant 
correlations were shown (see appendix D). However, this type of validation of the group measure is not 
concerned with convergent validity because different constructs were compared: individual creativity and 
group creativity. 

With this study the convergent validity of the group creativity measures is not proven, but the selected 
validated creativity measures could be applied on the group level. The hypothesis, „individual creativity 
measures can also be successfully employed to measure group creativity‟, cannot therefore be accepted. But 
concerning the complexity of group processes, and its possible major influence on humans‟ performance, 
these measures could be further developed in future research resulting in a more meaningful, validated group 
creativity measure. 
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6. Discussion 
The main goal of this present research was to investigate the effects of several lighting characteristics on the 
creativity level of individuals and groups of meeting room users. These characteristics included the light level, 
color temperature, and the use of blue or red colored lighting. Therefore, four light settings were developed: 
(1) a conventional light setting including low light levels and low color temperatures, (2) an activating white 
light setting including high light levels and high color temperatures, (3) an activating light setting with blue 
colored lighting accents, and (4) an activating light setting with red colored lighting accents. Furthermore, the 
aim was to develop a research instrument for measuring the creativity level of individuals and groups of 
meeting room users. Therefore, validated individual creativity measures, also applicable on group level, were 
used. To reach these goals, an experimental study was performed in which participants had to perform 
various creativity tasks in one of the four light settings. The results of the experiment are summarized and 
discussed, and provided with recommendations for future research. 
 

6.1 Creativity measures 

Numerous studies formulated the definition of creativity in various ways, resulting in different creativity 
measures. Therefore, two well-established and validated individual creativity tasks were selected for measuring 
objective individual and group creativity levels; the Remote Associates Test (Mednick, 1962) and the creative 
brick task (Friedman & Förster, 2001). These selected tasks are also used in multiple (creativity) studies 
concerning the measurement of creativity levels (e.g. Baas, 2010; Mehta & Zhu, 2009). The RAT concerns a 
word association test including 30 items divided into two groups, performed by individuals and groups of 
participants. The creative brick task concerns the individual generation of as many possible usages within one 
minute. Groups of participants performed the creative clip, instead of the creative brick version, with regard 
to possible learning effects. Importantly, these creativity measures were also applicable on the group level and 
were therefore used in this creativity study. In addition to the RAT and creative brick task, the Persuasive 
Message Evaluation (Zhu & Meyers-Levy, 2007) was used as an individual creativity measure. The results 
could therefore be compared with the study results of Mehta & Zhu (2009); the „creative‟ advertisement with 
a blue colored background gained higher evaluation scores in comparison to a red colored background. 
Furthermore, self assessed creativity questions were used to assess subjective creativity levels concerning the 
individual, group, and individual within group creativity. These self-reported levels of creativity were used as 
an extra creativity measure. All used creativity measures resulted in multiple creativity scores for every light 
setting, thus making it possible to draw conclusions about the effect of lighting conditions on individual and 
group creativity levels. 
 

6.2 White light 

The results from the creativity study revealed a marginal significant effect of lighting condition on the 
individual self assessed creativity measure. Planned contrast revealed that the second light setting, including 
high light levels and high color temperatures, resulted in significantly higher creativity levels in comparison to 
the conventional light setting with lower light levels and color temperatures. This result is in line with 
previous research from Rüger and colleagues (2005). They also used self-reported measures, revealing a 
significant effect of lighting condition on sleepiness, fatigue, and a trend for energy levels. Participants 
reported to be less sleepy, less fatigued, and more energized in higher light levels, compared to lower light 
levels. Second, the resulting positive effect of higher color temperatures supports the project choice of using 
higher color temperatures. The other subjective creativity measures (individual within group and group) did 
not result in a significant effect of lighting condition. Also the results from the objective individual and group 
creativity measures (RAT, creative brick/clip, PME), did not reveal a significant effect of lighting condition. 
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Concluding these results, the first hypothesis could be partly accepted; in comparison to the 
conventional light setting, the activating white light setting, with higher light levels and color temperatures, 
resulted in higher creativity levels. The hypothesis could not be accepted completely because significant 
effects of lighting condition were only present for the subjective individual creativity measure. The other 
subjective and objective creativity measures, both for individuals and groups, did not revealed a significant 
effect of lighting condition. The results regarding the subjective measures of this master thesis research were 
in line with the conclusions in the studies by Rüger et al. (2005), therefore supporting this partly accepted 
hypothesis. Furthermore, results from other studies also supported this hypothesis. These studies were, 
however, concerned with the enhancing effects via the visual (Boyce, Hunter, & Howlett, 2003) and circadian 
system (Campbell et al., 1995; Rüger et al., 2005). These studies also showed that higher light levels and 
higher color temperatures positively effected humans‟ cognitive performance. The activating white light 
setting could, despite the partly accepted hypothesis, have a positive influence on the creativity level of 
individual meeting room users. 
 

6.3 Colored light 

In addition to the first two evaluated light settings, the activating light settings with blue and red colored 
lighting were also evaluated with the creativity measures. The results from the creativity study did not reveal, 
(as mentioned previously), a significant effect of lighting condition on the performance of individuals and 
groups on the objective creativity measures, the RAT and creative brick/clip. Further analysis, with planned 
contrast comparing the blue and red colored light setting, was therefore not appropriate. The results did show 
a significant effect of lighting condition on the „creative‟ advertisement of the individual PME task. 
Significantly higher evaluation scores were measured for the light settings including blue and red colored 
lighting in comparison to the settings without colored lighting. However, the evaluation scores on the 
„detailed-oriented‟ advertisement revealed no significant effect of lighting condition. From the study results of 
Mehta & Zhu (2009) it was concluded that a blue colored background enhanced creative performance 
through higher evaluation scores on the „creative‟ advertisement in comparison to a red colored background. 
With a red colored background, the „detailed-oriented‟ advertisement gained higher evaluation scores in 
comparison to a blue colored background. These results could not be replicated with this creativity study, 
therefore gaining no support for the more positive effect of blue colored lighting, in comparison to red 
colored lighting, on creative performance. The results on the subjective individual creativity measure revealed, 
as already mentioned in the previous paragraph, a marginal significant effect of lighting condition. With 
planned contrast no significant difference between the blue and red colored light settings was shown. 
However, significant higher creativity levels were found for the blue colored light setting in comparison to the 
conventional light setting. Despite the non significant difference between the blue and red colored light 
settings, the blue colored light setting gained higher creativity levels than the conventional light setting. The 
lighting characteristics of this setting includes lower light levels, lower color temperatures, and no colored 
lighting in comparison to the blue colored light setting. Therefore, blue colored lighting could possibly have a 
positive effect on creativity, but it could also be the result of the enhancing effect of higher light levels and 
color temperatures.  
 To sum up these results, the individual subjective creativity measure showed that the blue colored 
light setting had significantly higher mean creativity scores in comparison to the conventional light setting. 
But no significant difference with the activating white light setting and the red colored light setting was 
revealed. Similar results were found for the objective creativity measure; no significant main effect of lighting 
condition. Consequently, the second hypothesis that the addition of blue colored lighting to the activating 
white light setting resulted in higher individual and group creativity levels, was not supported. 
 The PME task was used to determine whether comparable results of the study by Mehta & Zhu 
(2009) were present. The task revealed however no similar results. Lighting condition had a significant effect 
on the „creative‟ advertisement, but not on the „detailed-oriented‟ advertisement. Therefore, the conclusions 
from the study by Mehta & Zhu (2009) could not be replicated; the color blue in comparison to the color red 
could positively enhance humans‟ creative performance. Consequently, the third hypothesis was not 
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supported; blue colored lighting in comparison to red colored lighting resulted in higher individual and group 
creativity levels.  

Both rejected hypotheses were not expected, because numerous color studies reported positive 
effects of either the color blue (e.g. Soldat et al., 2007) or red on humans‟ cognitive performance (e.g. Stone, 
2003; Kwallet et al., 1990). Furthermore, Mehta and Zhu (2009) investigated the effects of the colors blue and 
red on creative performance, and these study results were therefore more useful. However, the positive effects 
found of the color blue on creative performance are not replicated within this creativity study. Besides, using 
the similar validated individual creativity measures, the blue colored light setting revealed no significantly 
higher creativity levels in comparison to the red colored light setting. However, these compared study results 
included the investigation of the effect of color and not colored lighting on humans‟ cognitive performance. 
Furthermore, colored lighting studies investigating the effect on humans‟ cognitive performance, and 
specifically creative performance, were however not earlier executed. The present colored lighting studies, 
were moreover concerned with its effect on the experience of space (Bašelj & Kobav, 2009), and on 
atmosphere perception (Bronckers, 2009). These study results revealed inconsistent effects of blue and red 
colored lighting, similar to the reported effects of color. Bašelj and Kobav (2009) showed that blue and red 
colored lighting resulted in different experiences. Blue colored lighting made the environment more beautiful, 
calm, and light in comparison to red colored lighting. The study results from Bronckers (2009) showed 
however that for red colored lighting the perceived atmosphere was more arousing, cozier, livelier, and less 
detached in comparison to blue colored lighting. Generally, these studies revealed positive effects of blue and 
red colored lighting respectively. However, these effects were concerned with experiences and perception, 
and not with the effect of coloured lighting on creative performance. So concluding the study results 
concerned with color and colored lighting, it depends on which literature is referred to whether blue or red 
could have a positive influence on humans‟ (creative) performance, experiences, and perceptions.  
 

6.4 Group creativity 

The second part of this study assessed the fourth hypothesis on the measurement of group creativity with 
validated individual creativity measures. The group creativity measurements were similar to the individual 
results, and no significant effect of lighting condition was revealed. However, an analysis on the convergent 
validity of the group creativity measure showed that the group measure did not behave in the same way. The 
convergent validity of measuring group creativity with the individual creativity measures was therefore 
questionable. However, since group creativity can also be influenced by other external factors (such as group 
processes or different personal characteristics) further development of the group creativity measures could be 
useful. The validated individual creativity measures, RAT and creative brick, were practically applicable to 
groups of participants and could therefore possibly be used as a basis for the development of a valid group 
creativity measure. 
 

6.5 Conclusions 

In the present creativity study, using well-established, validated individual creativity measures, no different 
effects of blue and red colored lighting on the creative performance of individuals and groups of meeting 
room users was revealed. Nevertheless, it could be carefully concluded that blue and red colored lighting 
possibly did not „decreased‟ the creative performance of individual meeting room users. However, what 
became clear from this study is that higher light levels and color temperatures could positively contribute 
towards individuals‟ creative performance. This creativity study, being the first research that investigated the 
effect of white and colored lighting on creativity, created an interesting starting point for future scientific 
research on this topic. 
 



 

33 

6.6 Recommendations for future research 

Studying the effect of colored lighting on the creativity level of individuals and groups of meeting room users, 
some inside knowledge into the effects of white and colored lighting on the creative performance of 
individuals and groups of meeting room users is gained. However, some limitations and suggestions for 
further research have to be mentioned. 
 
One of the major challenges in designing the research method is choosing between within-subjects-design 
and between-subjects-design, because they both have strong advantages and disadvantages. In this research it 
was carefully chosen to conduct a between subjects design; light settings were varied between groups of 
participants. Individual differences could therefore have influenced the results of the creativity study, because 
creativity levels of the participants in the conventional light setting could be generally higher than the levels of 
the participants in the other light settings. However, a within subjects design also has a number of drawbacks 
that should be taken into account. For example the timing of the creativity measurement in combination with 
the changing light settings should be carefully executed. Enough time between the creativity measurement 
and a new presented light setting should be planned. Thereby ensuring that the creativity level in one specific 
light setting is measured and not an after-effect of the previous setting or an effect of the changing light 
settings. When further research is conducted, investigating the possibility to overcome this limitation, a within 
subjects design could be interesting to apply. Furthermore, the measurement of a base creativity level of every 
participant, previous to the actual experiment, could be helpful to measure a possible increase, decrease, or 
stable creativity level. 
 Secondly, four different light settings were developed varying in light levels, color temperatures, and 
whether colored lighting was used. With these variations eight additional light settings could be generated but 
are not investigated due to the practical realization of the experiment. It could therefore be useful to further 
investigate the effect of the possible lighting characteristic combinations on creativity. For example blue 
colored light settings with the possible variations in light level and color temperature. 
 Thirdly, it is unclear why no significant effects of the blue and red colored light settings were revealed 
in this study. Referring back to the study results of Mehta and Zhu (2009), concluding that the color blue 
could enhance humans‟ creative performance, no comparable results were found. Thereby taking into 
account that a similar research method was used; a between subjects design including the measurement of 
creativity with the RAT, PME, and the creative brick tasks. They performed multiple studies including other 
measurements using blue and red colors, but not with colored lighting. Furthermore, the experimental room 
conditions of Mehta and Zhu included a lab. In this study, the light settings were applied in a regularly used 
professional meeting room with standard office furniture. According to the study results of McCoy and 
Evans (2002), multiple environmental aspects could foster creative performance, for example the use of 
natural materials and the view of natural environments such as plants. It could be beneficial to repeat the 
experiment in a simple lab not comparable to a standard meeting room, such as Mehta and Zhu used in their 
study. Therefore, a possibly better comparison could be made with their study results.  
 Finally, with this creativity study a basis for the further development of a group creativity measure 
was provided. The applied validated individual creativity measures were however not suitable to properly 
measure group creativity, analysis on its validity did not confirm similar group creative behavior in different 
measures. The group creativity results could therefore not contribute to this creativity study. A possible 
explanation is group processes. These processes are an important aspect of group creative performances (e.g. 
group cohesion, social interaction). These aspects were not taken into account; the validated individual 
creativity measures were applied on the group level similar as on the individual level. However, this study 
showed that the creativity measures were practically applicable on the group level. Further research 
concerning the measurement of group creativity, could therefore include these measures as a basis for the 
further development of a valid group creativity measure, integrating measurements of group processes.  

Overall, studies concerning the effect of colored lighting on creativity were not earlier performed, 
therefore making it a scientifically valuable when further research is conducted about the effects of colored 
lighting on humans‟ creative performance. 
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6.7 Recommendations for the project “Meeting is Working” 

There are standard requirements for performing visual tasks on the desk, but no clear guidelines are present 
concerning the effect of light on the humans‟ health and wellbeing, and cognitive performance. This master 
thesis research was part of the ongoing project “Meeting is Working” at Philips. Therefore, the gained 
knowledge from this creativity study can be used for the further specification and development of the light 
settings. 
 Based on the results of this creativity study it can be recommended that high light levels in 
combination with high color temperatures could be beneficial for enhancing meeting room users‟ creative 
performance. For the use of colored lighting, in addition to high light levels and color temperatures, no clear 
evidence was revealed from this research. Despite the non significant differences between the colored light 
settings, a trend was visible in favor of the blue colored light setting. With regard to other performed studies, 
concerning the primary effect of colored lighting on the experience of space (Bašelj & Kobav, 2009) and the 
perceived atmosphere (Bronckers, 2009), different colors can cause diverse responses. Therefore, when 
colored lighting is preferred, in addition to a standard meeting room lighting condition, caution should be 
taking into account when a choice is made between different colors. More explanatory results from future 
research could make this choice more apparent.  
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Dictaten TU/e 
 
Bouwfysisch ontwerpen 1, Fysica van de ruimte / faculteit bouwkunde. 
 
Bouwfysica – licht, drs. A.J.F. Rutten / faculteit bouwkunde. 
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A. Light manipulations 
This appendix includes the description of the manipulated lighting conditions (see section 4.1.4 in the main text). The luminary’s 
places in the experimental room are visualized on a map of the room, described as a result of different measurements and 
presented on photos of the four different lighting conditions. 
 
Luminaries DaVinci room 
In Figure 15 below an overview of the luminaries in the DaVinci room used for the studies, are visualized. In Table 7 the 
specification and number of luminaries are given. 

 
Figure 15. Map of luminaries in DaVinci room 
 
 

Table 7. Philips luminaries 
n Luminaries  

12 Luxspace BBS491, 2000 Lm, 4000K 
 
 

  

3 Luxspace BBS491, 2000 Lm, 3000K 
 
 

 

6 Fugato RGD color 
 
 

  

2 Savio suspended TCS772 
2700 / 17000K 
 

 

1 ColorBlaze 72 
 
 

    

1 ColorBlaze 48 
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Specification of the four lighting conditions 
Light levels, x and y coordinates, and the colour temperature in Kelvin are specified for all lighting conditions in three different 
situations. The Figures 16 - 18 visualize the x and y coordinates in the CIE chromaticity diagram and the place were these are 
measured. The numbers in Table 8 - 10 are measured with the Chroma meter CL-200, Konica Minolta Sensing, Inc., on 
different places indicated in Figures 16 - 18. For the measures against the wall, the meter was held at eye height when seated, 
approximately 0.90m, the same viewing height for the people who participated in the studies.  
 
Table 8. Lighting characteristics measured in front of the wall 
Light 
condition Lx x  y 

 
K X Y Z 

1 104 .407 .398 3500 106.7 104.4 50.9 
2 200 .372 .384 4300 193.6 200.0 127.3 
3 310 .196 .137 - 442.0 310.0 1505.0 
4 471 .579 .329 - 827.5 471.1 132.0 

 

  
  Figure 16. CIE chromaticity diagram including the 4 lighting conditions 
 
 

Table 9. Lighting characteristics measured for the individual creativity tasks 
Light 
condition Lx x  y 

 
K X Y Z 

1 670 .423 .403 3100 714.6 670.4 278.5 
2 1114 .333 .356 5500 1042.0 1114.0 974.0 
3 1208 .320 .337 ≈5500 1146.0 1208.0 1232.0 
4 1258 .348 .355 ≈5500 1235.0 1258.0 1053.0 

 
 
 
 
 
 
 
 

Meter placed in front of the wall at eye 
height when seated. 
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Figure 17. CIE chromaticity diagram including the 4 lighting conditions 
 

 

Table 10. Lighting characteristics measured for the group creativity tasks 
Light 
condition Lx x  y 

 
K X Y Z 

1 656 .429 .404 3100 696.8 656.4 273.0 
2 1014 .335 .357 5500 950.0 1014.0 872.0 
3 1067 .310 .320 ≈5500 1033.0 1067.0 1232.0 
4 1217 .358 .353 ≈5500 1234.0 1217.0 993.0 

 

 
Figure 18. CIE chromaticity diagram including the 4 lighting conditions 

 

Meter placed on top of the table, for the 
individual tasks 

Meter placed on top of the table, for the 
group tasks 
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B. Measurements creativity study 
This appendix includes the performed individual and group creativity tasks in Dutch (see section 4.1.5 of the main text). See 
references for the English version of the measures. 
 
 

Individual creativity measures 
 
Remote Associates Test (Mednick, 1962) 
Word association test including two examples and 15 individual performed items. Answers plus difficulty levels are given. 
 
Example 1 
Wijn – Donker – Koud - ? [kelder]  makkelijk 
 
Example 2 
Papier – Uitgeven – Bank - ? [geld]  makkelijk 
 
 
1: Winter – Modder – Leer [laars]  neutraal 
2: Teen – Schoen – Lopen [voet]  makkelijk 
3: Saai – Links – Maatschappij [politiek] neutraal 
4: Sprong – Prins – Bil  [kikker]  makkelijk 
5: Blaadjes – Dorst – Warm [thee]  moeilijk 
6: Hal – Kleding – Kapstok [garderobe] moeilijk 
7: Glas – Kijken – Huis  [raam]  makkelijk 
8: Bonen – Pauze – Zwart [koffie]  neutraal 
9: Centrum – Stank – Winkelden [stad]  neutraal 
10: Sneeuw – Pret – Honden [slee]  neutraal 
11: Varken – Ei – Vet  [spek of bacon] moeilijk 
12: Wortel – Klimmen – Bos  [boom]  makkelijk 
13: Lamp – Wit – Dak  [plafond] moeilijk 
14: Meest – Stal – Arbeider [knecht]  moeilijk 
15: Les – Vleugel – Geluid [piano]  makkelijk 
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Persuasive Message Evaluation (Zhu & Meyers-Levy, 2007) 
Evaluation of two advertisements (Figure 19 and 20) on both three seven-point items ranging from totally not until totally agree. 
Text on the advertisement was translated in Dutch. 
 

Introducing Bosin Camera

The Technology and Style to Match Your Needs.       

Advanced autofocus system Exceptional resolution

Unsurpassed reliability Self-timer 

Highly versatile zoom lens Lightweight 

Comes with durable carrying case

Bosin Camera

Introducing Bosin Camera

The Technology and Style to Match Your Needs.       

Advanced autofocus system Exceptional resolution

Unsurpassed reliability Self-timer 

Highly versatile zoom lens Lightweight 

Comes with durable carrying case

Bosin Camera
  

Introducing Bosin Camera

The Technology and Style to Match Your Needs.       

Advanced autofocus system Exceptional resolution

Unsurpassed reliability Self-timer 

Highly versatile zoom lens Lightweight 

Comes with durable carrying case

Bosin Camera

Introducing Bosin Camera

The Technology and Style to Match Your Needs.       

Advanced autofocus system Exceptional resolution

Unsurpassed reliability Self-timer 

Highly versatile zoom lens Lightweight 

Comes with durable carrying case

Bosin Camera
 

Figure 19. Detailed-oriented advertisement  Figure 20. Creative advertisement 

 
1. Ik vind de advertentie aantrekkelijk 
2. Ik vind de advertentie geschikt 
3. Ik vind de advertentie effectief 

 
 
Creative Brick (e.g. Mehta & Zhu, 2009; De Vet & De Dre, 2007; Friedman & Förster, 2001; Guilford, 
1967) 
In Table 11 the classifications for all generated applications of the brick are given (in Dutch). Classifications are separated with 
a grey coloured column. 
 
Table 11. Applications and classifications from the creative brick task 

Classification 1 Classification 8 

metselen gewicht 

muur maken contragewicht 

omheining bouwen ballast gebruiken 

ovenwand / oven bouwen als anker 

barbecue van maken iets laten zinken 

dam maken verzwaren 

openhaard /  schouw dingen vasthouden 

dak van maken om iets onder te leggen zodat het niet weg waait 

omheining kampvuur maken verzwaring bij vastzetten tent 

zwembad metselen tentzeil vast houden 

rand van een bad van maken om zeil te laten liggen 

stapelen met planken tot kast tafelkleed vasthouden 

boog constructie ??? gewichtheffen / krachttraining 
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bouwsteen optillen 

bloembak maken deur tegen houden 

schoorsteen van maken iets vastzetten 

schutting afsluiten 

spouw muur opsluiten 

gevel maken afdekmateriaal 

buitenkachel van maken op papier leggen 

pizzaoven van maken press papier 

geluidscherm paper weight 

dijk van maken Classification 9 

vensterbank in een rij leggen 

brievenbus stapelen 

Classification 2 Classification 10 

huis bouwen opstapje 

iets mee bouwen om op te staan / opstapje 

stadion bouwen verhogen / ophoging 

kerk bouwen ondersteunen van iets wat de grond niet mag raken 

flat van bouwen als steun(tje) / steunen 

gebouw mee bouwen als tafeltje gebruiken 

hut maken iets mee richten 

toren bouwen als boekensteun gebruiken 

piramide bouwen boekensteun 

hondenhok Classification 11 

appartement bouwen stoel / om op te zitten 

kantoor bouwen onderzetter voor een plant 

brug van bouwen onderzetter 

winkel mee bouwen bijzettafel 

garage van maken auto op laten steunen, na het stelen van de wielen 

vogelhuisje maken kruk 

tuinhuis van maken bank ondersteunen 

aanbouw maken veiligheidsblok 

verdieping van maken schuilobject 

kelder mee maken Classification 12 

schuur (blok) wiel tegen houden 

fabriek maken op gaspedaal leggen 

kamer maken 
voor de wielen van een auto leggen, zodat het niet weg 
rolt 

Classification 3 als autorem gebruiken 

terras maken Classification 13 

straat beleggen / weg aanleggen slagwerktuig 

vloer maken hamer 

stoep(rand) /  voetpad spijker slaan 
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verkruimelen en gebruiken als tuinpad Classification 14 

looppad aangeven basis om een sculptuur op te slijpen 

puin slijpen 

puinvulling onder een aan te leggen weg iets schuren, vijlen 

Classification 4 iets corrigeren 

weg afbakenen Classification 15 

afbakening maken kleiner zagen 

als afscheiding / afschermen breken 

parcours uitzetten om omheen te fietsen kappen 

afrastering tuin vermalen tot poeder 

tuinen Classification 16 

wegversperring funderen 

muur in de tuin maken voegen 

muurtje om een border als opvulmiddel 

Classification 5 Classification 17 

gooien water opnemen 

kapot gooien spons 

in het water gooien warmte opslag 

gooien door een raam Classification 18 

laten vallen beton molen reinigen 

smijten maataanduiding 

mee slaan rechte hoek mee af tekenen 

om iets mee in te slaan / plat slaan Classification 19 

iets mee kapotslaan verzamelen 

als wapen gebruiken bij je houden 

iemand bedreigen Classification 20 

moordwapen betaalmiddel 

winkel overvallen verkoopproduct / handel 

raam ingooien Classification 21 

iemand bekogelen / naar iemand gooien om te eten 

iemands hersenen mee inslaan Classification 22 

bushokje vandaliseren rollager 

beschadigen Classification 23 

verdedigingsmiddel waterbesparing toilet 

helpen ??? Classification 24 

beschermen ??? flesopener 

inbrekers verjagen Classification 25 

kat mee wegjagen boeklegger 

noot mee kraken Classification 26 

blikje plat maken ei op bakken 

ijs breken Classification 27 



 

48 

iets pletten balk 

Classification 6 cement 

als sieraad klei 

decoratief materiaal zwaar 

kunst / kunst(werk) maken bakken 

vormgeven vuur  

beeldhouwen kleur 

schilderobject hard 

voorbeeld vorm massief 

creeëren bouwplaats 

sculptuur van maken steen 

knutselen niet groot 

versiering tuin rood 

verven om als decoratie te gebruiken ruikt niet 

als een voet van een lamp stevig 

cadeau saai 

mozaïek maken is oud 

gat inboren en gebruiken als voet voor kunstwerk werkers in de bouw 

als accentuering land-hill  

lumina baksteen 

 

Classification 7 

inpakken als nepcadeau 

letters vormen 

speelmateriaal / spelen 

domino spelen 

schrijven (krijt) 

het maken van goals van voetbalveld 

om te stoep-krijten 

overgooi spel 

blokken doos 

balanceer element 

strijker afsteken 
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Big Five Inventory (Denissen et al., 2008) 
The Dutch Big Five Inventory includes 44 items measuring five personal characteristics on a five-point scale ranging from totally 
not agree until totally agree. N = neuroticism; E = extraversion; O = openness to experience; C = conscientiousness; A = 
agreeableness. Negatively framed items are indicated with (r), and were reversed coded before analyses was conducted. 
 
1. ...Spraakzaam is      E 
2. ...Geneigd is kritiek te hebben op anderen   A 
3. ...Grondig te werk gaat      C 
4. ...Somber is       N 
5. ...Origineel is, met nieuwe ideeën komt    O 
6. ...Terughoudend is      E (r) 
7. ...Behulpzaam en onzelfzuchtig ten opzichte van anderen is A 
8. ...Een beetje nonchalant kan zijn    C (r) 
9. ...Ontspannen is, goed met stress kan omgaan   N (r) 
10. ...Benieuwd is naar veel verschillende dingen   O 
11. ...Vol energie is      E 
12. ...Snel ruzie maakt      A (r) 
13. ...Een werker is waar men van op aan kan   C 
14. ...Gespannen kan zijn      N 
15. ...Scherpzinnig, een denker is     O 
16. ...Veel enthousiasme opwekt     E 
17. ...Vergevingsgezind is      A 
18. ...Doorgaans geneigd is tot slordigheid    C (r) 
19. ...Zich veel zorgen maakt     N 
20. ...Een levendige fantasie heeft     O 
21. ...Doorgaans stil is      E (r) 
22. ...Mensen over het algemeen vertrouwt   A 
23. ...Geneigd is lui te zijn     C (r) 
24. ...Emotioneel stabiel is, niet gemakkelijk overstuur raakt N (r) 
25. ...Vindingrijk is      O 
26. ...Voor zichzelf opkomt     E 
27. ...Koud en afstandelijk kan zijn    A (r) 
28. ...Volhoudt tot de taak af is     C 
29. ...Humeurig kan zijn      N 
30. ...Waarde hecht aan kunstzinnige ervaringen   O 
31. ...Soms verlegen, geremd is     E (r) 
32. ...Attent en aardig is voor bijna iedereen   A 
33. ...Dingen efficiënt doet     C 
34. ...Kalm blijft in gespannen situaties    N (r) 
35. ...Een voorkeur heeft voor werk dat routine is   O (r) 
36. ...Hartelijk, een gezelschapsmens is    E 
37. ...Soms grof tegen anderen is     A (r) 
38. ...Plannen maakt en deze doorzet    C 
39. ...Gemakkelijk zenuwachtig wordt    N 
40. ...Graag nadenkt, met ideeën speelt    O 
41. ...Weinig interesse voor kunst heeft    O (r) 
42. ...Graag samenwerkt met anderen    A 
43. ...Gemakkelijk afgeleid is     C (r) 
44. ...Het fijne weet van kunst, muziek, of literatuur  O 
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Self Assessed Creativity  
Questions regarding self assessed creativity on individual, group, and individual within group levels. 
 
Individual 

1. Ziet u zichzelf als een creatief persoon? (seven-point scale ranging from totally not until totally) 
2. Beoordeel uw creativiteit op een schaal van 1 tot 10 (scale ranging from 1 until 10) 
3. Bent u tevreden over uw eigen creativiteit? (yes/no) 
4. Hoe creatief zou u graag willen zijn? Beoordel uw gewenste creativiteit op een schaal van 1 tot 10 

(scale ranging from 1 until 10) 
Group 

5. Hoe heeft u de samenwerking binnen de groep ervaren? (seven-point scale ranging from totally not until 
totally) 

6. Wat was hier de belangrijkste oorzaak van? (open question) 
7. Vond u de groep creatief? (seven-point scale ranging from totally not until totally) 

Individual within group 
8. Beoordeel de creativiteit van de groep op een schaal van 1 tot 10 (scale ranging from 1 until 10) 
9. Vond u zichzelf creatief in de groep? (seven-point scale raning from totally not until totally) 
10. Beoordeel uw eigen creativiteit in de groep op een schaal van 1 tot 10 (scale ranging from 1 until 10) 
 
 

Evaluation meeting room environment 
Questions regarding the evaluation of the room environment include 11 items measuring (B) Beautiful and (C) Clean on a five-
point scale ranging from totally not until extreme. 
 

1. Wat is uw algemene indruk van deze vergaderruimte? 
a. Plezierig  B 
b. Interessant  B 
c. Licht   B 
d. Warm (temperatuur) B 
e. Ruim   C 
f. Rustig   C 
g. Schoon   C 
h. Gevarieerd  B 
i. Mooi   B 
j. Sfeervol   B 
k. Overzichtelijk  C 

 
 
Evaluation meeting room lighting (Smolders, 2008) 
Questions regarding the evaluation of the meeting room lighting include five items measuring (P) Pleasantness and (I) Intensity on 
a five-point bipolar scale. 
 

1. Wat vindt u van het kunstlicht in deze vergaderruimte? 
a. Plezierig – Onplezierig  P 
b. Storend – Aangenaam  P 
c. Warm – Koud   P 
d. Fel, scherp – Zacht  I 
e. Verblindend – Dof, donker I 
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Lighting propositions 
Proposition regarding the evaluation of the meeting room lighting include five items measuring a positive attitude towards the 
lighting on a five-point scale ranging from totally not agree until totally agree. 
 

1. Geef aan in hoeverre u het eens bent met de volgende stellingen over het kunstlicht in deze 
vergaderruimte: 

a. De verlichting maakt mijn omgeving meer spannend 
b. De verlichting stimuleert mij 
c. De verlichting maakt mij meer energiek 
d. De verlichting helpt mij om taken goed uit te voeren 
e. De verlichting helpt mij op mijn best 

 
 
Sensitivity to light (Smolders, 2008) 
Questions regarding the sensitivity to bright light include four items measuring sensitivity and today’s problems on a five-point 
scale ranging from totally not until extreme. 
 

1. Hoeveel problemen heeft u met uw ogen bij bloostelling aan fel licht? 
2. Heeft u vandaag in deze ruimte problemen ervaren met uw ogen door fel licht? 
3. Hoeveel last heeft u van hoofdpijn bij bloostelling aan fel licht? 
4. Heeft u vandaag in deze ruimte last van hoofdpijn door fel licht? 

 
 
General personal characteristics 
Questions regarding meeting room usage and general personal characteristics. 
 

1. Hoe vaak werkt u met meer dan 1 persoon samen? (per week/maand) 
2. Hoe vaak bent u betrokken bij een brainstorm sessie? (per week/maand) 
3. Hoe vaak maakt u gebruik van een vergaderruimte? (per week/maand) 
4. Wat is uw hoogst genoten opleiding? 

a. Middelbare school MAVO 
b. Middelbare school HAVO 
c. Middelbare school VWO 
d. MBO 
e. HBO 
f. WO Bachelor 
g. WO Master 
h. PhD 
i. Anders namelijk: 

5. Wat is de richting van de opleiding die u heeft genoten? 
6. Bent u dyslectisch? (Ja/Nee) 
7. Geslacht (M/V) 
8. Leeftijd (jaar) 
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Group creativity measures 
 
Remote Associates Test (Mednick, 1962) 
Word association test including two examples and 15 performed items in groups. Answers plus difficulty levels are given. 
 
Example 1 
Wijn – Donker – Koud - ? [kelder]  makkelijk 
 
Example 2 
Papier – Uitgeven – Bank - ? [geld]  makkelijk 
 
 
1: Bellen – Rijden – Meter [taxi]  moeilijk 
2: Voetbal – Zolder – Flat [trap]  moelijk 
3: Kachel – Stoom – Fluiten [ketel]  neutraal 
4: Praten – Hoek – Rood  [mond]  moeilijk 
5: Feest – Bloemetjes – Zomer [jurk]  moeilijk 
6: Hout – Slaan – Duim  [hamer]  makkelijk 
7: Warm – Nacht – Strepen [pyama]  neutraal 
8: Roeien – Broek – Hond [riem]  neutraal 
9: Stof – Hak – Oog  [naald]  neutraal 
10: Paddenstoel – Tuin – Muts [kabouter] makkelijk 
11: Grafiet – Papier – Slijpen [potlood] makkelijk 
12: Boek – School – Schrijven [schrift]  moeilijk 
13: Potje – Vlek – Blauw  [inkt]  makkelijk 
14: Verhaal – Dik – Lezen [boek]  makkelijk 
15: Veer – Overkant – Wachten [pont]  neutraal 
 
 
Creative Clip (e.g. Mehta & Zhu, 2009; De Vet & De Dre, 2007; Friedman & Förster, 2001; Guilford, 1967) 
In Table 12 the classifications for all generated applications of the clip are given (in Dutch). Classifications are separated with a 
grey coloured column. 
 
Table 12. Applications and classifications from the creative clip task 

Classification 1 

Classification 11 

papier bij elkaar houden roerstokje 

vasthouden Classification 12 

iets aan elkaar binden/koppelen / bundelen bier openen 

hechtmateriaal fles openen 

losse dingen samenvoegen briefopener 

iets mee vastzetten enveloppen mee open maken 

kleding mee vasthouden Classification 13 

iets (tussen) klemmen gereedschap 

stropdas bij elkaar houden spijker/nagel 

draadjes bij elkaar houden verbindingsmiddel in constructies 

samenhouden als schroevendraaier gebruiken 

kabels samenbinden als staaldraad gebruiken / ijzer 

foto in boek mee vast zetten metaalmoeheid laten zien 
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vastmaken iets ondersteunen 

plant vast maken aan takje Classification 14 

Classification 2 steken 

ophangen doden 

kerstballen mee ophangen iemand mee neersteken 

kaarten ophangen wapen 

vakantiewasknijper / was ophangen Classification 15 

was ophangen om te laten drogen vissen 

klerenhanger als haak 

poster mee ophangen vishaak 

dingen mee aan het plafond hangen loodje gebruiken 

slingers mee ophangen Classification 16 

sleutelhanger in de grond prikken 

sleutelbos gebruiken gaatje prikken / perforeren 

Classification 3 fietsband lek prikken 

ketting van maken ballon lek prikken 

ring piercen 

als sieraard iemand irriteren door ermee te prikken 

als oorbel / piercing je zusje mee pesten 

haarclip/ schuifspeldje rijgen 

accessoire aan kleding iets mee spelden 

kunstvoorwerp punaise 

poppetjes maken cocktailprikker 

als decoratie saté prikker 

figuurtjes van maken naald gebruiken 

knutselen blaar doorprikken 

natekenen ei doorprikken 

tekenfiguur lijmpotje doorprikken 

als mal voor een patroon door je nagel steken 

letter S van maken keel doorprikken (EHBO verlenen) 

egel van maken Classification 17 

vormpjes mee maken reset knopje indrukken 

in het groot: een stoel van maken simkaart mee verwijderen 

zwaartepunt voor vliegtuigje van papier (dvd) verpakking mee openen 

fiets mee maken etui openmaken 

prototypes maken CD rom speler / dvd mee openen 

ratel van maken (in bakje doen) met elastiek laten schieten 

met lijm mengen mp3 resetten 

Classification 4 pak openmaken 

gewicht heffen nietjes loshalen 

mee spelen computer resetten 
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speelgoed/mee spelen een deur/slot mee open maken 

muziekinstrument sleutel/deuropener 

als fishes gebruiken winkelwagen openmaken 

boerenbridge mee spelen ontstappen uit de gevangenis 

als vervanger voor de broodkruimels van hans&grietje cassette bandjes oprollen 

"mac.guyver" bom Classification 18 

Mc Guyver ipv clipje om plastic zakje mee te sluiten 

verblindend element zak mee dichthouden 

lades blokkeren Classification 19 

Classification 5 als schoonmaakobject gebruiken 

iets mee bekrassen / inkrassen afvalgaatje mee schoonmaken 

kraslot mee openkrassen gootsteen ontstoppen 

pulken / peuteren vuil mee wegkrassen 

schrapen Classification 20 

krabben bladwijzer 

schrijfmateriaal boekenlegger 

markeren "clipje" help functie in word 

Classification 6 als geheugensteuntje gebruiken 

gebruiken als tijdverdrijf Classification 21 

verveling verdrijven verzamelen / bewaren 

stressbal, door te vouwen sorteren / op kleur leggen 

Classification 7 opbergen 

als runnertje gebruiken tellen 

alternatieve zoom in je broek Classification 22 

elastiek mee door een zoom halen bij breien draaden uit elkaar halen 

als knoop uit elkaar halen / uit elkaar vouwen 

broekriem vastzetten verbuigen 

knoop vastzetten in stukjes breken 

bloes dicht houden veer van maken 

veiligheidsspeld gebruiken Classification 23 

gulp dicht houden mee gooien 

broekzak dicht maken weggooien 

touwtje terughalen uit broek opvangen 

Classification 8 naar een collega gooien 

geleider van electriciteit wegschieten 

lego-trein geleiden Classification 24 

om iemand te electrocuteren geld mee verdienen 

kortsluiting mee maken ruilen voor wat anders 

als adapter voor UK stopcontact weggeven 

PC voeding testen, kortsluiten handel mee drijven 

Classification 9 verkopen 
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magneet testen kopen 

magneetbal van maken Classification 25 

magnetisch maken / als magneet recyclen 

als kompas gebruiken omsmelten 

als antenne  

 

Classification 10 

tandenstoker 

nagel schoonmaken 

pincet 

oor mee schoonmaken 

in je neus mee peuteren 

ontvlooien 
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C. Results creativity study 
This appendix includes results of the explorative analysis. In Table 13 the other individual measured items are shown including 
figures of the measured personal characteristics, Figure 21 – 24 (see section 4.2.2 in the main text). 

 

Table 13. Other individual personal measures  
Mean (SD) 
Conventional light 
setting 
 
 

 
 
Activating white 
light setting 

 
 
Activating light 
setting + blue 
coloured lighting 
condition 

Activating light 
setting + red 
coloured lighting 
condition 

POMS (before experiment)¹ 
Depression 

Anger 
Fatigue 

Energetic 
Tense 

 

 
1.13 (0.20) 
1.06 (0.10)* 
1.34 (0.31)* 
2.99 (0.51) 
1.20 (0.22)* 
 

 
1.34 (0.77) 
1.16 (0.36) 
1.56 (0.78) 
3.19 (0.51) 
1.31 (0.45) 
 

 
1.07 (0.09)* 
1.11 (0.19) 
1.47 (0.30) 
3.45 (0.69) 
1.30 (0.31) 
 

 
1.22 (0.57) 
1.21 (0.37) 
1.50 (0.50) 
3.11 (0.70) 
1.38 (0.47) 
 

POMS (after experiment) ¹ 
Depression 

Anger 
Fatigue 

Energetic 
Tense 

 

 
1.10 (0.17) 
1.03 (0.12)* 
1.30 (0.36)* 
3.23 (0.74) 
1.07 (0.11)* 
 

 
1.26 (0.85) 
1.10 (0.30) 
1.53 (0.88) 
3.29 (0.60) 
1.21 (0.54) 
 

 
1.07 (0.13)* 
1.12 (0.23) 
1.38 (0.34) 
3.35 (0.87) 
1.14 (0.18) 
 

 
1.17 (0.50) 
1.15 (0.31) 
1.50 (0.61) 
3.33 (0.91) 
1.29 (0.41) 
 

BFI¹ 
Extraversion 
Agreeableness 

Conscientiousness 
Neuroticism 

Openness to experience 
 

 
3.25 (0.36) 
3.15 (0.35) 
3.36 (0.28) 
3.03 (0.45) 
3.33 (0.33) 
 

 
3.40 (0.27) 
3.25 (0.26) 
3.47 (0.35) 
3.07 (0.42) 
3.49 (0.37) 
 

 
3.35 (0.64) 
3.17 (0.30) 
3.37 (0.24) 
3.11 (0.34) 
3.34 (0.41) 
 

 
3.41 (0.27) 
3.16 (0.25) 
3.37 (0.29) 
2.94 (0.41) 
3.27 (0.52) 
 

Evaluation meeting room environment² 
Beautiful 

Clean 
 

 
-0.20 (0.93) 
0.42 (0.84) 
 

 
-0.43 (0.76) 
0.07 (0.78) 
 

 
0.05 (0.99) 
-0.41 (1.13) 
 

 
0.57 (1.09) 
-0.02 (1.10) 
 

Evaluation meeting room lighting ² 
Pleasantness 

Intensity 
 

 
0.14 (0.82) 
0.20 (1.01) 
 

 
-0.13 (1.14) 
0.06 (1.00) 
 

 
-0.02 (0.97) 
-0.26 (0.98)* 
 

 
0.17 (1.01) 
-0.04 (1.05) 
 

Lighting propositions² 
Positive influence of light 

 

 
-0.14 (0.78) 
 

 
0.02 (1.13) 
 

 
0.02 (0.93) 
 

 
0.07 (1.21) 
 

Sensitivity to bright light¹ 
 Eye problems general 

Eye problems at the moment 
Headache problems general 

Headache problems at the moment 
 

 
2.29 (0.96) 
1.14 (0.66)* 
1.76 (0.70) 
1.05 (0.22) 
 

 
2.14 (0.99)* 
1.32 (0.48) 
1.77 (0.81) 
1.09 (0.29) 
 

 
2.38 (1.12) 
1.29 (0.46) 
1.57 (0.81)* 
1.05 (0.22)* 
 

 
2.78 (1.28) 
1.30 (0.64) 
1.74 (0.96) 
1.17 (0.49) 
 

Meeting room usage (n/week) 
Use of meeting room 

Participation brainstorm sessions 
Cooperation with more than one person 

 

 
8.52 (12.91) 
2.33 (2.92) 
24.71 (41.46) 
 

 
11.05 (18.28) 
3.36 (4.40) 
28.36 (41.73) 
 

 
10.33 (15.26) 
3.38 (3.85) 
38.90 (84.02) 
 

 
9.83 (10.89) 
2.65 (4.32) 
14.87 (47.57) 
 

¹ measured on a 5-point scale 
² measured with components from factor analysis 
Note: underlined numbers are the highest scores, and numbers with a star are the lowest scores (best results) on ‘negatively’ loaded items 
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Figure 21. Age     Figure 22. Gender 
      Note: percentages below 1% are not indicated with a number 

 

    
Figure 23. Education level    Figure 24. Education direction 
Note: percentages below 5% are not indicated in Figure 23 and 24 with a number 
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D. Group creativity 
This appendix includes the results of the validation study concerning the group creativity measures. In Table 14 and 15 the 
correlations between the items of the individual and group creativity measures are shown. This table indicates possible 
relationships between the items of the individual and group creativity measures (see section 5.2 in the main text). 

 

 

Table 14. Correlations RAT task 

Creativity 
measures 

RAT 
group 

 
RAT 
mean 
ind. 

RAT 
group 
easy 
item 

RAT 
ind. 
easy 
item 

RAT 
group 
neutral 
item 

RAT 
ind. 
neutral 
item 

 
RAT 
group 
difficult 
item 

 
RAT 
ind. 
difficult 
item 

 
 
 
 
Mean SD n 

RAT 
group 

1.00 .383*   9.97 
 
 
7.10 

1.72 
 
 
1.71 

35 
 
 
35 RAT ind. .383* 1.00 

RAT 
group 
easy item 

  1.00 .397*   4.77 0.49 35 

RAT ind. 
easy item 
 

  .397* 1.00   3.20 0.92 35 

RAT 
group 
neutral item 

    1.00 .165   3.77 1.06 35 

RAT ind. 
neutral item 
 

    .165 1.00 2.88 0.81 35 

RAT 
group 
difficult item 

      1.00 .055 1.40 0.81 35 

RAT ind. 
difficult item 
 

      .055 1.00 1.26 0.81 35 

*. Correlation is significant at the 0.05 level (2-tailed) 
**. Correlation is significant at the 0.01 level (2-tailed) 

 



 

59 

 
Table 15. Correlations creative brick (individual) and clip (group) task 

Creativity 
measures 

n    
Clip  

n 
Brick 

Mean 
creativity 
Clip 

Mean 
creativity 
Brick 

n 
creative 
appl. 
Clip 

n 
creative 
appl. 
Brick 

n class. 
Clip 

n class. 
Brick  

Mean SD n 

n Clip 1.00 .512**   14.03 
 
 
  6.94 

5.00 
 
 
1.83 

35 
 
 
35 n Brick .512** 1.00 

Mean 
creativity 
Clip 

  1.00 .036     0.56 0.24 35 

Mean 
creativity 
Brick 

  .036 1.00     1.15 0.21 35 

n creative 
appl. Clip 
 

    1.00 .432**     6.97 3.23 35 

n creative 
appl. Brick 

    .432** 1.00   4.40 0.91 35 

n class. 
Clip 

      1.00 .501**   9.69 2.76 35 

n class. 
Brick 

      .501** 1.00   5.01 1.10 35 

*. Correlation is significant at the 0.05 level (2-tailed) 
**. Correlation is significant at the 0.01 level (2-tailed) 
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