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II. Abstract  
Earlier research, investigating the non-visual effects of light on human beings, has shown that bright 
and/or blue spectrum lighting has an immediate positive effect on alertness, performance and mood 
(Campbell, Dijk, Boulos, Eastman, Lewy & Terman, 1995). The current study aims to extend these 
insights to the domain of ego-depletion, by investigating the immediate alerting effect of light and its 
ability to replenish the Self during daytime under normal conditions (i.e. no sleep or light 
deprivation). According to the energy model, the Self is a limited resource, which is used for all acts 
of executive functioning or self-regulation (Baumeister, Bratslavsky, Muraven & Tice, 1998). 
Therefore, in the current study the amount of energy available for the Self was assessed by means of 
subjective and objective measures of self-regulatory capacity. Investigating the immediate activating 
effect of environmental lighting and its ability to replenish the Self will contribute not only to the 
theoretical background of the non-visual effect of light and the mechanism involved in self-regulation 
but will also provide guidelines for lighting technology. 

Both a laboratory study and a field study were employed to investigate the effect of blue spectrum 
light. The laboratory study consisted of a two-by-two between subjects design in which the Correlated 
Colour Temperature (CCT) of a light treatment and the amount of ego-depletion prior to the light 
treatment were manipulated. Results showed, in case participant’s ego was depleted, a significant 
difference in the replenishing effect of a light treatment with a low versus high CCT. No significant 
difference was found when participant’s ego was not depleted. A field study was conducted to 
investigate whether the results that were found in the laboratory study would hold in a real-life setting. 
Therefore, the replenishing effect of blue spectrum light throughout the day was measured. The field 
study consisted of a within subject-design with two light conditions, which were manipulated by 
orange and green glasses that manipulated the spectrum of light entering the eyes of participants. 
Results showed no significant differences in self-regulatory capacity between the two conditions; 
except for one measure of subjective self-regulatory capacity that indicated that orange glasses 
(spectral power in the high wavelengths) resulted in more energy available for the Self, compared to 
the green glasses (spectral power in the short wavelengths). A reason for this could be that 
participants experienced relatively low levels of ego-depletion in the field study, the intensity of the 
light treatments might have been biased by the manipulation, or the coloured glasses might have 
evoked additional mood responses.  

Further research, of the immediate activating effects of light and its ability to replenish the Self is 
needed to gain an understanding of the mechanism through which light affects the energy available 
for the Self.  
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1 Theoretical Background 
Until recently the quality of light was defined by its ability to support adequate visual performance 
and avoid visual discomfort, considering aspects such as illuminance, colour rendering and glare 
restriction and thereby only taking the visual effects of light into consideration (Cajochen, 2007). 
However, during the last two decades research has shown evidence that there is also a non-visual 
effect of light (Veitch, Newsham, Boyce & Jones, 2008). 

1.1 The non-visual effect of light  
It has been shown that the light-dark cycle of the environment is used by the body as an important cue 
to synchronize the endogenous circadian rhythm with the environmental day and night rhythm 
(Figueiro, Brons, Plitnick, Donlan, Leslie & Rea, 2010). This mechanism becomes more visible in 
case of extreme situations, for instance when recovering from a jet-lag. The circadian rhythm is 
responsible for many behavioural and physiological processes and influences the sleep-wake 
regulation, hormone secretion and thermoregulation (Dijk & von Schantz, 2005). Light has been 
shown to influence the circadian rhythm by inducing physiological responses such as the suppression 
of melatonin (Lewy, Wehr, Goodwin, Newsome & Markey, 1980), the elevation of heart rate 
(Burgess, Sletten, Savic, Gilbert & Dawson, 2001) and body temperature (Dijk, Cajochen & Borbely, 
1991). This helps persons to stay awake and alert during daytime, while it promotes a need for sleep 
during nighttime. In the last decade a substantial amount of research has been done on the mechanism 
by which light regulates and phase-shifts the circadian rhythm. A significant amount of studies have 
been performed on the effect of light on the circadian rhythm of night-shift workers who deal with a 
misalignment of their circadian rhythm and sleep-wake cycle (Leger, Bayon, Elbaz, Philip & 
Choudat, 2010). For instance research of Arendt and Skene (2005) showed that sleepiness of night-
shift workers was reduced as less melatonin was produced during night-time, when participants were 
subjected to light with short wavelengths during the night and wore blue-blockers during the day. 
According to Scheer and Buijs (1999) bright light in the morning after awakening causes arousal by 
inducing the cortisol level in humans. These studies showed that a change in the timing of light 
exposure will result in a phase shift in the biological clock (Brainard & Hanifin, 2005). 

The non-visual effects of light are not limited to phase shifting effects, which can be considered a 
long-term effect of lighting. Research has also shown a more immediate activating effect of light on 
alertness, performance and mood (Campbell, Dijk, Boulos, Eastman, Lewy & Terman, 1995). 
Research has established that light with a higher illuminance level, i.e., more intense light, has a more 
alerting effect (Cajochen, 2007). Research of Smolders and de Kort (2012) showed that diurnal 
exposure to light with a higher illuminance (1000lux versus 200lux) can improve cognitive 
performance, physiological arousal, and feelings of alertness and vitality. The study of Badia, Myers 
& Culpepper (1991), in which participants were exposed to 90 minutes of light treatment, showed that 
bright light during night-time has immediate physiological and psychological effects. Their results 
demonstrated that a higher dose of light increases task performance and body temperature, and 
reduces sleepiness. Similarly, the study of Campbell and Dawson (1991) showed that alertness and 
cognitive performance of night-shift workers significantly increased under bright light conditions. 
Research investigating the relationship between the wavelength of light and its alerting response 
showed that short wavelengths of 470nm and lower (blue spectrum light) have a more pronounced 
effect (Lockley, Evans, Scheer, Brainard, Czeisler & Aeschbach, 2006). Chellappa, Steiner, Blattner, 
Oelhafen, Götz & Cajochen (2011) showed that a two hour exposure to light with a higher correlated 
colour temperature (CCT) in the evening, not only suppressed melatonin production, but also 
enhanced subjective alertness, well-being, visual comfort, and performance on cognitive performance 
tasks related to sustained attention. It is unlikely that these effects are due to the influence of light on 
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the circadian rhythm, since alertness and cognitive performance related to the circadian system would 
have been only observed the subsequent day (i.e., next circadian cycle) and the found effects were 
observed immediately after the light treatment (VandeWalle, Marquet & Dijk, 2009).  

Thus, the non-visual effect of light can be designated into two categories: the immediate effect and the 
phase shifting effect. The immediate effect refers to the instantaneous changes in physiological 
arousal, and the psychological alerting effect on subjective measures of alertness, cognitive 
performance and mood. The phase shifting effect refers to temporal changes in the circadian rhythm. 
In the next sections the mechanisms and constructs behind these non-visual effects are discussed.  
 
1.2 Mechanism  
The discovery of a third type of ‘non-visual’ retinal receptor cells by Berson, Dunn & Takao (2002) 
has provided a likely anatomical basis for the found non-visual alerting effects of light. These 
nonvisual cells, also called intrinsic photosensitive Retinal Ganglion Cells (ipRGC), are located in 
front of the visual cells in the retina and serve no visual function (See Figure 1). Also the spectral 
sensitivity of these cells is different from the visual cells, as nonvisual cells have their peak sensitivity 
at 480nm, which corresponds to blue light photo pigment (see Figure 2). Moreover, the ipRGCs have 
a direct neural connection to the SupraChiasmatic Nuclei (SCN) (Dijk & Lockley, 2002). The SCN 
can be seen as a pacemaker located in the hypothalamus and influences brain areas strongly associated 
with the circadian rhythm but also brain areas associated with arousal (Dijk & Lockley, 2002). 
 

 
  
Figure 1 Plan of retinal neurons education.yahoo.com (April, 
2012) 

Figure 2 Action Spectrum ipRGCs (Hattar, et al. 2003). 

 
Physiological features, like melatonin production, cortisol level, heart rate, and body temperature, 
have shown to have a close temporal association with psychological features, like alertness, cognitive 
performance and sleep propensity (Kleitman, 1987). Therefore, it was assumed that the immediate 
psychological activating effect of light was an indirect consequence of the physiological arousal and 
phase shifting effect caused by light. However, Rüger, Gordijn, Beersma, de Vries, and Daan (2006) 
investigated the time dependency of the effect of light on these physiological and psychological 
activating of the human body. Their results indicated that physiological alerting effects of light are 
time dependent as light only had a significant influence on cortisol level, heart rate, and body 
temperature when presented during night-time. In contrast, the effect of light on psychological arousal 
like subjective sleepiness, fatigue, and increased energy was found during night and daytime (Rüger 
et al., 2006). Additionally, Phipps-Nelson, Redman, Dijk, and Rajaratnam (2003) showed that 
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daylight exposure can increase alertness and psychomotor vigilance performance, even during 
daytime. In addition they found no effects on melatonin levels. The suggestion that there is a causal 
relationship between the psychological alerting effects of light and the suppression of melatonin levels 
by light becomes unlikely since melatonin levels are essentially unnoticeable during daytime hours 
(Campbell et al., 1995). This implies that there is an alternative pathway in which light has an 
activating effect on human beings besides via the regulation of physiological arousal (e.g. melatonin 
suppression) and the circadian rhythm. 
 
It has been proposed that it is the psychological associations with certain types of lighting, especially 
daylight, that cause the psychological alerting effect of light (Rea, Deng & Wolsey, 2003). Veitch et 
al. (2008) compared the visual and appraisal pathways through which they hypothesized light would 
influence health, well-being and cognitive task performance. Although consistent results were found 
for the influence of the appraisal path on health and well-being of participant, no reliable evidence 
was found for the influence on cognitive task performance. 

Googley, Lu, Fishcer & Saper (2003) found that these ipRGCs directly project to brain areas 
associated with the regulation of arousal. In addition neuroimaging studies showed that light during 
daytime induces an immediate activating effect on cortical and subcortical regions of the brain 
involved in numerous cognitive features (vandeWalle et al., 2006). For instance the neuroimaging 
study of vandeWalle et al. (2007b), researching the influence of different types of monochromatic 
light after light deprivation, showed that light immediately activates alertness related subcortical 
areas. Furthermore the study of vandeWalle et al. (2007b) also showed that long-term memory and 
emotion related areas can be activated by light. Research investigating the influence of light on 
cortical areas showed that areas involved in both top-down (among which the prefrontal cortex) and 
bottom-up regulation of attention were activated (VandeWalle et al. 2007a). In addition, brain areas 
implicated in working memory were activated by light (vandeWalle et al., 2007b). Note that these 
brain areas strongly responded to short wavelengths (blue light) and high intensity light. This makes 
sense since the peak sensitivity of the ipRGCs has been found to be in the short wavelength portion of 
the spectrum and that higher dose of light will induce a stronger response (Hattar, et al. 2003). The 
direct and indirect projection of the ipRGC, most sensitive to short wavelengths and high dose light, 
on brain areas associated with arousal serves as an explanation for the time-independent alerting 
effect of light on psychological aspects like alertness, performance, and mood (Cajochen, 2007). 

1.3 Correlated Colour Temperature (CCT) 
CCT of a light source rises when the relative amount of short wavelengths rises (Boyce, 2003). In line 
with this, research of Deguchi and Salto (1992) showed that light with a colour temperature of 7500K 
leads to a significantly higher brain activity compared to light with a colour temperature of 3000K. 
Research has indicated that, even during daytime, blue light is more beneficial in terms of 
psychological arousal (i.e. alertness, cognitive performance and mood), However, the experiments are 
often conducted in unnatural conditions, e.g. after exposure to very low illuminance levels or sleep 
deprivation prior to the experiment. As an exception, the studies of Meesters, Dekker, Schlangen, Bos 
and de Ruiter (2011), Mills, Tomkins & Schlangen (2007), and Viola, James, Schlangen & Dijk 
(2008) were performed in settings that were more similar to real-life. In the study of Meesters et al. 
(2011) participants suffering from seasonal affective disorder (SAD) where subjected to a light 
treatment consisting of a daily 30-minute exposure to either high intensity white light (5000K; 10 
000lux) or lower intensity blue-enriched light (17 000K; 750lux) for 22 days. Results of their study 
showed the decrease of SAD-symptoms were similar in both light conditions, suggesting that short 
wavelengths have a more powerful influence than longer wavelengths. However, this study did not 
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include a control condition. Mills et al. (2007) did include a control group in their study which was 
conducted in a shift-working call center investigating the influence of lamps with a higher CCT. In 
their study, they found that subjective fatigue and daytime sleepiness decreased while alertness and 
self-reported work performance increased when being subjected to a high CCT (17000K) light source 
compared to a light source of 2900K (Mills et al., 2007). In the study of Viola, James, Schlangen & 
Dijk (2008) office workers were randomly assigned to four weeks of light with a high CCT (17000K) 
or low CCT (4000K) followed by four weeks of the other light condition. Results of this research 
showed that blue-enriched light, light with a high CCT, during daytime work hours improved 
subjective measures of alertness, self-reported performance, and evening fatigue. These studies all 
support the assumption that light with a higher CCT has a more pronounced effect on the 
psychological arousal of humans. The current study aims to extend these insights to the domain of 
ego-depletion. 
 
1.4 Self-Control 
The ego of human beings refers to the energy model of the Self, which states that the Self is a limited 
resource (Baumeister, Bratslavsky, Muraven & Tice, 1998).  The Self is used for all acts of executive 
functioning (Baumeister et al., 1998). A task requiring self-control will temporary exhaust the 
resource, this is called ego-depletion and leads to a decreased self-regulation in a subsequent task 
(Baumeister et al., 1998). Decreased self-regulation will lead to a decrease in the capacity to control 
one’s responses and bring them in line with one’s ideals, goals, and social expectations (Baumeister et 
al., 1998) Self-control is an interesting matter not just because of its theoretical value for the 
understanding of the nature and functions of the Self but also with regard to the practical application 
of this knowledge. A lack of self-control can result in behavioural and impulse-control problems, like 
overeating, addiction, and crime, but also for instance failure at task performance or concentration 
(Baumeister et al., 1998).  Baumeister et al. (1998) showed, for example how an act of impulse 
control, such as resisting the temptation to eat desired food, leads to decreased performance and 
motivation on a puzzle-solving task along with an increased frustration while performing the task. 
Neuroimaging studies on self-regulation have suggested that self-regulation and executive functioning 
involves the assessing of two brain areas. One of these areas is involved with the reward and 
emotional value resulting from impulse behaviour and the other one is associated with self-control 
(Wagner & Heatherton, 2011). These self-control brain areas are mostly located in the prefrontal 
cortex. A failure to engage the prefrontal cortex in decision making, because of it being depleted, will 
lead to behaviour in favour of bottom-up impulses resulting in an increased likelihood of self-
regulatory failure (Wagner & Heatherton, 2011). Vitality is proposed as a subjective measurement of 
the amount of self-control and therefore energy accessible for the Self. Vitality arises from feelings of 
freedom, autonomy support, and intrinsic motivation, and can be defined as a subjective feeling of 
aliveness and energy (Ryan and Frederick, 1997). More energy available to the Self is suggested to 
manifest in more vitality. And therefore subjective vitality refers to the experience of having energy 
available for exerting self-control (Ryan and Frederick, 1997).  

1.5 The Current Study 
Combining the above, light has been found to have an activating effect on the prefrontal cortex, 
objective and subjective measures of self-regulatory capacity (cognitive performance and subjective 
vitality); it seems therefore plausible that bright and/or blue spectrum lighting has an immediate 
replenishing effect of the Self, even during daytime and under normal conditions (i.e. no sleep- or 
light deprivation). Research of Smolders, de Kort and Cluitmans (2012) showed beneficial effect of 
bright lighting on the Self as they demonstrated that during daytime and under normal conditions 
feelings of vitality were higher and the performance of participants on a vigilance task improved 
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while being exposed to bright light for one hour. However in a second study in which they 
investigated the effect of CCT on alertness, vitality and performance under normal conditions during 
daytime, inconsistent results were found of blue spectrum light on the subjective (i.e. alertness, 
vitality, and mood) and objective (i.e. performance on  tasks probing alertness, ability to focus 
attention, self-regulation, and executive functioning) measures (Smolders & de Kort, 2011). 
Therefore, the aim of the present study was to investigate whether blue spectrum light has a 
replenishing effect on the Self and therefore replenishes the self-regulatory capacity of humans, 
because blue spectrum light consists of short wavelengths to which the ipRGCs are most sensitive. 
Therefore it is assumed that blue spectrum lighting will have a bigger activating effect on the 
prefrontal cortex and therefore replenish one’s Self and the ability to exert self-control compared to 
other spectrum lighting.  

Based on the above, this research poses the following main hypothesis to be explored:  
-‐ Blue spectrum light can immediately replenish the Self. 
 
This hypothesis will be researched by means of a laboratory and field study. The laboratory study will 
investigate the influence that blue spectrum light, of a brief lighting exposure, has on the capacity to 
replenish the Self during daytime under normal conditions (i.e. no sleep or light deprivation). In this 
laboratory study, high and low CCT lighting will be manipulated by means of different lamps, and 
ego-depletion by means of an ego-depletion task. The field study will capture the replenishing effect 
of blue spectrum light throughout the day in a more everyday setting. In the field study the amount of 
ego-depletion is based on naturally occurring variations. The blue spectrum components of light are 
manipulated by means of different coloured glasses.  
These two study result in the following four sub-hypotheses. These hypotheses are based on the 
general assumption that executive tasks requiring self-regulation draw on and deplete the Self, and 
that subjective vitality can be used as a measurement of the amount of energy available for the Self.    
 
- After a task decreasing subjective state vitality, light treatment with a higher CCT will lead to higher 
subjective state vitality compared to lower CCT lighting. 
- After a first task drawing on self-regulation, a light treatment with a higher CCT will lead to better 
performance on a subsequent task requiring self-regulation, compared to lower CCT lighting. 
- Throughout the day light with a relative high power in the blue spectrum will lead to higher 
subjective state vitality compared to light with less power in the blue spectrum. 
- Throughout the day light with a relative high power in the blue spectrum will lead to better 
performance on tasks requiring self-regulation, compared to light with less power in the blue 
spectrum. 
 
In both the field and laboratory study measures of traits (trait vitality, trait self-control, sleep quality 
in general and chronotype) and demographics (gender, age) that were suggested to influence state 
self-regulatory capacity were included to control for the differences between participants based on 
these trait variables. In addition, potentially confounding variables (naturalness of the environment, 
being outside, food consumption, caffeine consumption, amount of social interaction, mental and 
physical activity, amount and quality of prior night rest and weather conditions) that were implied to 
also affect the amount of state self-regulatory capacity were assessed.  
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Previous research of, amongst others, Smolders and de Kort (2011) and Wan (2011) indicated that 
light has not only an affect on self-regulatory capacity but also other measures of mood. Measures of 
affect, tension, appraisals and attitude with regard to the light manipulation were therefore also 
included in the field and laboratory study. In addition, earlier research of Hubalek, Brink, and Shierz 
(2010) suggested that light exposure during daytime also influences the quality of night’s sleep. In 
their research they found that the amount of light entering the eye during the day positively influences 
the subjective quality of one’s night’s rest. For that reason, in the field study the quality and amount 
of night’s sleep after the experiment day were also assessed.  
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2 Pre-test investigating the ego-depleting effect of an ego-depletion manipulation 
Before investigating the effect of CCT, a pre-test was performed to investigate whether the task used 
as ego-depletion manipulation depleted the self and therefore resulted in lower subjective self-
regulatory capacity (i.e., lower State Vitality, a higher Loss of Self-control and a higher State 
Sleepiness) and decrements in performance on a task requiring self-control. The method employed in 
this pre-test and the results of this study are described and discussed in this chapter.  

2.1 Method  
2.1.1 Design  
The experiment followed of a between-subjects design with two conditions (ego-depletion versus non 
ego-depletion). Participants were randomly assigned to one of these two conditions. 
 
2.1.2 Participants of pre-test 
Twenty participants participated in this experiment: 14 male and 6 female participants. Because no 
females participated in the non ego-depletion condition there was a non homogenous distribution of 
gender amongst conditions, χ2 (1, N=20) = 0.067, p =<.01. The age of the participants ranged between 
18 and 39 years old (M = 23 SD =4.51) and there was no significant difference between the average 
age in the ego-depletion condition (M=24 SD=5.61) and non ego-depletion condition (M=21, 
SD=1.69), t(18) = -1.63, p =.12. All participants were native speakers of Dutch and were recruited 
from a participant database of the Human Technology Interaction group of the Eindhoven University 
of Technology. None of the participants suffered from colour blindness, chronic sleeping disorders, 
severe eye deficiencies or dyslexia. 
 
2.1.3 Procedure  
Participants were unaware that self-control was the main focus of this study as they were told that 
they were participating in an experiment examining their performance on a typing task and a response 
time task. After signing the consent form, participants were asked to take place behind a computer. 
Every session started with a questionnaire measuring potential confounding variables, including the 
time they were awake and hours of sleep they had. In addition, participants reported if they had spent 
time outside, the amount of mental and physical activity they had engaged in, and whether they had 
caffeine holding beverages or anything to eat one hour prior to the experiment. This questionnaire was 
followed by a two-minute rest and a baseline phase, in which subjective baseline measures of 
subjective self-regulatory capacity (State Vitality, State Loss of Self-control, Sate Sleepiness, Affect, 
and Tension), objective performance measures on a task requiring self-regulation, and physical state 
were performed. This was done by means of a questionnaire, self-control task, and heart-rate (ECG) 
and skin conductance measures (EDA)1. After the baseline measures, participants were given one 
minute to relax to reduce possible depleting effect of the baseline measures. Subsequently, 
participants performed an ego-depleting task or non ego-depleting task, according to the experimental 
group they were in. After completing the ego-depletion manipulation task, participants were asked to 
wait for two minutes. During these two minutes the physiological state of participants was measured 
by means of ECG & EDA. The amount of depletion was measured by means of a questionnaire 
assessing subjective self-regulatory capacity (i.e.,State Vitality, State Loss of Self-control, State 
Sleepiness) and objective performance on a task requiring self-control. Additionally Tension and 
Affect were measured. After completing the measurement of these dependent variables, a second 
questionnaire was administered in which we measured control variables including subjective Trait 
Vitality, subjective Trait Self-control, General Sleep Quality, Chronotype, Motivation and 
experienced Difficulty of the typing and dependent self-control task. Last the Ease of Typing was 
                                                        
1 Physiological measurements were not included in the analysis.  
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assessed using a short typing task. Each session lasted approximately 30 minutes for which 
participants received a monetary reward of 5 Euro at the end of the session. For a schematic overview 
of the method employed in the field study we refer to Figure 3.  
 

 
Figure 3 Procedure of the Pre-test 

 
2.1.4 Settings and Materials 
The experiment took place in a laboratory divided by means of a white light-blocking curtain into two 
experiment rooms (both LxWxH=3.60m, 1.80m, 2.00m), free of daylight entrance, at the Eindhoven 
University of Technology. The rooms had white walls and a dark grey floor. The main furniture 
consisted of a desk, chair, and laptop with keyboard mouse and headphones. A control room was 
located next to the two experiment rooms from which the behaviour of the participant was monitored 
during the experiment. Each experiment room contained four fluorescent ceiling armatures and two 
wall armatures. The wall armatures consisted of diffuse luminaires (Philips Savio TBS770 
6x14W/827/865 HFD AC-MLO) and each luminaire contained six lamps: four lamps with a high 
CCT (Philips Master TL5 HE 14W/865 SLV) and two lamps with a low CCT (Philips Master TL5 HE 
14W/827 SLV). The ceiling armatures too consisted of diffuse luminaires (Philips Savio TBS770354 
MLO) and each luminaire contained three lamps: two with a high CCT (Philips Master TL5 HE 
14W/865 SLV) and one lamp with a low CCT (Philips Master TL5 HE 14W/827 SLV). In the pre-test 
the wall and ceiling armatures were set at 500lx at eye level and 300lx at the desk with a CCT of 
4000K and remained constant during the whole experiment session. All questionnaires and 
instructions were programmed in Authorware and the self-control task was designed with Visual 
Studio. 
 
2.1.5 Ego- depletion manipulation  
From literature it is known that typing tasks omitting ‘e’s and spaces will lead to a depletion of the 
Ego and loss of self-control (Muraven, Gagne, and Rosman, 2008). Regulating typing behaviour 
during a typing task depletes the self-regulation capacity, because it requires much inhibition, as 
typing is a highly automatic task for many people. Therefore, the ego-depletion manipulation task 
designed for the current study consisted of a typing task in which participants were asked to retype a 
paragraph that appeared on the screen as accurately and quickly as possible. The text typed by 
participants was recorded but hidden from participant’s sight. In the ego-depletion condition the 
amount of self-regulation capacity of participants was depleted as they were asked to retype the text 
omitting all ‘e’s, ‘p’s and spaces. In the control condition participants were asked to copy the text as 
they saw it. The depletion condition was assumed to require more self-regulation effort and hence 
deplete the self-regulation capacity more. For the ego-depletion manipulation we refer to Appendix A. 
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2.1.6 Measures  
2.1.6.1 Dependent variables 
The dependent variables measuring self-regulatory capacity consisted of subjective state vitality, 
subjective state sleepiness, subjective state loss of self-control, and objective performance on a self-
control task. These dependent variables were measured before the Ego-depletion manipulation and 
two minutes after the Ego-depletion manipulation by means of a questionnaire and self-control task. 
In addition, subjective mood (Tension and Affect) was measured.  
 
Subjective measures of self-regulatory capacity  
State Vitality: Four items (energetic, lacking energy (reversed), alert and sleepy (reversed)) from the 
activation-deactivation adjective checklist (Thayer, 1989) and the item motivated and vital were 
translated to Dutch and used to measure the amount of subjective vitality. Participants were asked to 
indicate on 5-point Likert scales, ranging from ‘Not at all’(1) to ‘Extremely’(5), how they felt at that 
moment. By averaging the scores on these six items an internally consistent measurement of State 
Vitality (Cronbach’s α of.80) and baseline State Vitality (Cronbach’s α of .80) were created.  
State Sleepiness: The Karolinska Sleepiness Scale (KSS) was used to measure subjective sleepiness 
(Akerstedt & Gillberg, 1990). Participants responded to the question: Please indicate how you feel at 
this moment”, on a 9-point scale ranging from ‘very alert’ (1) to ‘Very sleepy, great effort to stay 
awake’ (9).  
State Loss of Self-control: To assess State Loss of Self-control three statements from the State Self-
Control Capacity Scale (SCCSS; Ciarocco, Twenge, Muraven & Tice, under review) were translated 
to Dutch (see Appendix B). Participants were asked to indicate on 7-points Likert scales, ranging from 
‘not at all’ (1) to ‘very much’(7), to what extent they felt like the statement. The average score of 
these three statements was used for the variable State Loss of Self-control (Cronbach’s α of .78) and 
baseline State Loss of Self-control (Cronbach’s α of .75). 

 
Subjective Mood 
State Tension: Two items (Tense and Calm (reversed)) from the activation-deactivation adjective 
checklist (Thayer, 1989) were used to measure the amount of State Tension2. Participants were asked 
to indicate on 5-point Likert scales, ranging from ‘Not at all’(1) to ‘Extremely’(5), how they felt at 
that moment.   
Positive and Negative Affect: The items happy and sad were used in this study to determine subjective 
state Positive and Negative Affect. Participants were asked to indicate on 5-point Likert scales, 
ranging from ‘Not at all’(1) to ‘Extremely’(5), how they felt at that moment.  
 
Objective measures of self-regulatory capacity: 
Performance on a self-control task: Performance was measured by means of a computerized two-
stimulus auditory Go-no-Go task. Participants were asked to listen to the auditory stimuli presented in 
both ears over the headphones. Participants were asked to make an overt response, by pressing the 
spacebar on the keyboard of the computer with their dominant hand as quickly and accurate as 
possible, when being presented with a frequent high tone but inhibit this response when being 
presented with a more rarely presented low tone. This task was chosen for the measurement of self-
control capacity as it does not require visual processing, is not subject to learning and requires self-
control as the participant has to inhibit his response to the infrequent tones (see e.g., Vandewalle et 

                                                        
2 These items were used separately because reliability tests showed inconsistent results for combining these two 
items in one variable tension.  
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al., 2006). The stimuli presented in the baseline measurement consisted of 80 percent frequent 
(600HZ) tones distributed randomly amongst 20 percent infrequent tones (400HZ). Intensity of both 
tones was identical, the duration of the tones was 200ms, and tones were presented for one minute 
with a random interval of 1 to 5 seconds. The stimuli presented in the go-no-go task two minutes after 
the ego-depletion manipulation was similar to that of the baseline but tones were presented over a five 
minute time lap with a random interval of 1 to 9 sec. The Number of Correct responses and Incorrect 
Responses as well as the Response Time of the correct responses was recorded.  
   
2.1.6.2  Control variables 
Control variables, consisting of subjective trait vitality, subjective trait self-control, sleep quality, 
chronotype, and demographics, were measured by means of a questionnaire at the end of the session. 
In addition, questions concerning motivation to perform the tasks and experienced difficulty of the 
typing and go-no-go tasks were administered in this questionnaire. 
Trait vitality: The subjective vitality scale of Ryan and Frederick (1997) was translated to Dutch and 
was used to measure the general experienced vitality of participants. This scale consisted of seven 
items (Cronbach’s α of .82), like “I feel alive and vital”, on which participants indicated to what 
extend they felt to possess this trait on 5-point Likert scales, ranging from ‘Not at all’(1) to 
‘Extremely’(5) (see Appendix C). 
Trait Self-control:  The subjective trait self-control scale was translated to Dutch to measure the 
amount of self-control normally experienced by participants (Tangney, Baumeister & Boone, 2004). 
This scale consisted of 13 items (Cronbach’s α of .83), like “I find it difficult to concentrate”, on 
which participants indicated to what extend they felt to possess this trait on a 5-point Likert scale, 
ranging from ‘Not at all’(1) to ‘Extremely’(5) (see Appendix D). 
General Sleep quality: Participants were asked to indicate the quality of their sleep over the last 
month, ranging from very good (1) to very bad (4).  
Chronotype: Chronotype, based on mid-sleep of work-days and days off, was measured using selected 
items from the Dutch translation of the Munich Chronotype questionnaire (MCTQ; Roenneberg et 
al., 2003). 
Motivation: Participants were asked to scale on 7-point Likert scales ranging from not at all (1) to 
very much (7), to what extent they were motivated to perform well on the auditory Go-no-Go tasks 
and the typing task. Participants indicated their motivation for the two Go-no-Go tasks separately.3  
Difficulty: Participants were asked to scale on 7-point Likert scales to what extend they found the 
auditory Go-no-Go task and the typing task difficult ranging from very difficult (1) to very easy (7).4  
Ease of Typing: To estimate the level to which typing was an automated task, typing speed of 
participants was assed by asking participants to retype a sentence as fast and correct as possible (see 
Appendix E). 
 
2.1.6.3 Potential Confounding variables 
Potential confounding variables (Hours of sleep, Quality of Sleep, Outside, Mental Activity, Physical 
Activity, Caffeine, and Food) were measured prior to the baseline measures of the dependent 
variables by means of a questionnaire. This questionnaire asked participant to indicate what time they 
had gone to bed the night before, what time they had woken up in the morning, if they had been 
outside one hour prior to the experiment, the amount of mental and physical activity prior to the 
experiment, and whether they had caffeine holding beverages or anything to eat one hour prior to the 
experiment.  

                                                        
3 The variable “Motivation” was not included in the analysis. 
4 The variable “Difficulty of task” was not included in the analysis. 
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2.2  Statistical analysis 
First, the distribution of all control and potential confounding variables over the two conditions was 
investigated. Pearson chi-square tests, for the dichotomous potential confounding variables, and t-
tests, for the continuous potential confounding and control variables, were employed to investigate 
whether these variables differed between the two conditions. In order to test the hypothesis that the 
ego-depleting task depleted the self-regulatory capacity, and therefore resulted in lower subjective 
state vitality and decrements in performance on a task requiring self-control, ANCOVA’s, with Ego-
depletion (ego depletion vs. non ego depletion) as between subject variable,  were performed. In these 
analyses, and the baseline measure of the corresponding variable was included as covariate.  
Potential confounding variables that were unequally divided over Ego-depletion were also included as 
covariates or fixed factors. Control variables with a significant absolute correlation value higher than 
.30 with the dependent variable were also included in the two-way ANCOVA. These analyses 
investigated the influence of the ego-depletion manipulation on subjective self-regulatory capacity 
(State Vitality, subjective State Loss of Self-control, subjective State Sleepiness, subjective state), 
mood (Tension, Positive and Negative Affect) and objective self-regulatory capacity (performance on 
a task requiring self-control). To prevent outlier bias, variable scores with an absolute Z-score greater 
than two were removed from the data set. Objective measures on the auditory Go-no-Go task of two 
participants was not correctly registered and therefore deleted from the dataset. Finally the normality 
of the distribution of dependent, potential confounding, and control variable scores was investigated. 
In case of non-normally distributed variables or a non-homogenously distributed dependent variables 
a Mann-Whitney U test instead of an ANCOVA was performed to investigate the effect of the ego-
depletion manipulation.  
 
2.3 Results  
In this section, first the spreading of the potential confounding variables, control variables, subjective 
baseline measures and the baseline performance measures will be reported. Hereafter, the effects of 
the ego depletion manipulation on the subjective measures and objective measures of self-regulatory 
capacity and subjective mood will be reported.  
 
Potential confounding variables. Pearson chi-square tests showed that the percentage of participants 
who had consumed caffeine holding drinks (χ2(1) = 2.02, p = .56), spent time outside (χ2(1) = 0.07, p 
= .80) or ate anything (χ 2(1) = 1.65, p = .20) one hour previous to the experiment did not significantly 
differ between the Ego-depletion conditions . Likewise, there was no significant difference between 
conditions in the extent to which participants had engaged in physical (t(18) = 1.76, p =.10) or mental 
(t(18) = -0.90, p =.38) activity prior to the experiment. These results regarding the distribution of the 
confounding variables over the conditions indicate that the effects in the ANCOVA’s are not due to 
an uneven distribution of these confounding variables. 5 
Control variables. We investigated whether the control variables did not differ between conditions 
by means of independent samples t-tests. The results showed that Trait Vitality (t(17) = -1.33, p=.20), 
Trait Self-control (t(18) = 0.44, p =.66), Chronotype (t(17) = 0.94, p =.36), General Sleep quality 
(t(18)=1.12, p=.46, and Ease of Tying (t(18) = -0.99, p =.34) did not significantly differ amongst the 
Ego-depletion conditions . Tables describing the mean values and standard error of these confounding 
and control variables can be found in Appendix F. 

                                                        
5 Note that, as indicated in the method description, gender was not evenly divided amongst conditions. However, in 
the ego-depletion condition the effect of gender on the dependent variables (subjective state vitality, subjective state 
loss of self-control, subjective state sleepiness, subjective state mood, number of errors, number of correct 
responses, relative number of errors, and response time) was not significant (all F<1; ns) 
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Baseline measures of dependent variables. 
 
Independent samples t-tests on the baseline subjective and objective measures of self-regulatory 
capacity and subjective mood showed that baseline measures of mean Response Time differed 
amongst Ego-depletion conditions (t(15)=-2.40, p=.03). Additionally a non-significant trends emerged 
for State Sleepiness (t(18)=-1.76, p=.10) and Positive Affect (t(16)=-1.96, p=.07). The other baseline 
variables showed no significant differences between the Ego-depletion conditions. Table 1 reports the 
estimated marginal mean and standard errors for the dependent measures at baseline for both the ego-
depletion and the non ego-depletion condition.  
Correlation analyses did, as expected, showed a significant correlation between measures of State 
Loss of Self-control and Positive Affect and their corresponding baseline measures (r=.50, p=.03 and 
r=.60, p<.01, respectively).  Although, the remaining correlation tests showed no consistent 
significant correlations between the other measures of subjective and objective self-regulatory 
variables and subjective mood in the baseline and after the manipulation, corresponding baseline 
measures were included as covariates in the ANCOVA’s to maintain consistency between the pre-test 
and laboratory study.  
 
Table 1 Estimated marginal mean values and standard errors of baseline measures of the dependent variables 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Subjective measures of self-regulatory capacity 
Analyses were performed to test whether the ego-depletion treatment depleted the energy available for 
the Self and therefore result in decreased subjective self-regulatory capacity state (i.e. decreased State 
Vitality, and increased State Sleepiness and State Loss of Self-control). 
State Vitality. Participants subjected to the ego-depleting condition reported to feel less vital  
after the task compared to participants who were subjected to a non ego-depletion condition (see 
Table 2). An ANCOVA showed that this difference in State Vitality between Ego-depletion 
conditions was significant (F(1,18)=10.69, p<.01).  
State Sleepiness. In line with what we expected, participants indicated to feel less sleepy after 
performing a non ego-depleting task compared to an ego-depletion task. An ANCOVA showed that 
the difference in State Sleepiness between Ego-depletion conditions was significant (F(1,18)=6.26, 
p=.02).  
State Loss of Self-control. In line with the hypothesis, participants in the ego-depletion condition 

	   Ego-‐Depletion	  

	   No	   Yes	  

BASELINE	  MEASURES	  OF:	   Mean	   Std.	  Error	   Mean	   Std.	  Error	  

State	  Vitality	   3.44	   0.14	   3.59	   0.22	  

State	  Sleepiness	   4.00	   0.50	   5.45	   0.62	  

State	  loss	  of	  Self-‐control	   2.44	   0.11	   2.33	   0.48	  

Calm	   3.78	   0.15	   3.82	   0.23	  

Tense	   1.88	   0.30	   1.80	   0.20	  

Negative	  Affect	   1.33	   0.17	   1.27	   0.14	  

Positive	  Affect	   2.75	   0.16	   3.30	   0.21	  

Number	  of	  Correct	  responses	   14.44	   0.29	   15.13	   0.55	  

Number	  of	  Incorrect	  responses	   0.63	   0.32	   0.67	   0.30	  

Relative	  Number	  of	  Incorrect	  responses	   0.04	   0.02	   0.04	   0.02	  

Response	  Time	   380.82	   25.49	   483.41	   33.33	  
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reported to feel a higher State Loss of Self-control compared to participants in the non ego-depletion 
condition. An ANCOVA, showed that this difference in subjective State Loss of Self-control between 
ego-depletion conditions was significant (F(1,17)=10.35, p<.01).  
 
In addition all baseline measures of the subjective self-regulatory capacity measures showed to be a 
significant predictor of their corresponding dependent variable (State Vitality: F(1,18)=17.07, p<.01, 
State Sleepiness: F(1,18)=10.63, p<.01, and State Loss of Self-control: F(1,17)=9.96, p<.01). This 
indicates that the amount self-regulatory capacity in the baseline positively correlated with the amount 
of self-regulatory capacity after the depletion manipulation (β =.69, β =.56, and β =.70, respectively). 
 
Subjective state Mood 
Analyses were performed to investigate whether the ego-depletion manipulation also influenced other 
subjective mood measures (tension and affect). 
Tension. An ANCOVA revealed that there were no significant differences in both items measuring 
tension (Calm and Tense) between Ego-depletion conditions (both F<1,ns).  
Positive and /Negative Affect. The correlation analysis indicated a high correlation between Trait Self-
control and measures of Positive Affect (r=-.581, p<.01) and Negative Affect (r=.625, p<.01). 
Therefore, Trait Self-control was included as covariate in the ANCOVA investigating the effect of the 
Ego-depletion manipulation on Positive and Negative Affect. The ANCOVA showed no significant 
difference in Positive Affect between the ego-depletion manipulations (F(1, 16) =2.25, p=.16). 
However, results also indicated a non-significant trend of participants’ Trait Self-control on Positive 
Affect (F(1,16) ==4.24, p=.06), indicating that the participants who reported to have higher self-
control capacity in general reported to feel more happy. An ANCOVA showed no significant 
differences in negative affect between the two conditions of ego-depletion (F(1,18)=1.67, p=.21). A 
significant predicting value of the variable Trait Self-control on Negative Affect was found 
(F(1,18)=25.58, p<.01), which suggested that participants scored lower on Negative Affect when they 
reported to have a higher Trait Self-control.  
 
Although, no significant effect of the Ego-depletion manipulation on subjective mood measures were 
found, the baseline measures of subjective mood  did show to have a significant predicting value on 
the corresponding dependent variable (Calm:F(1,17)=9.47, p<.01, Tense: F(1,16)=6.19, p=.03, 
Positive Affect: F(1,16)=12.55, p<.01, and Negative Affect: F(1,18=18.90 p<.01). Indicating that the 
baseline measures of subjective mood positively correlated withtheir corresponding measures after the 
Ego-depletion manipulation (β =.45, β =.68, β =.95, and β =.50, respectively). 
 
Objective measures of self-regulatory capacity.  
The effect of the ego-depletion manipulation on the performance measures on a task requiring self-
control was investigated here. 
Number of Correct- and Incorrect responses. In the ego-depletion condition, both the average 
Number of Incorrect and Correct responses were higher compared to the average Number of Incorrect 
and Correct responses in the non ego-depletion condition (see Table 2). An ANCOVA showed that 
these differences were significant with F ratio of respectively, F(1,15)=10.09,p<.01 and F(1,14)=7.42, 
p=.017. Most tellingly, even though both correct and incorrect responses increased in the ego-
depletion conditions, participants in the ego-depletion condition had on average a relative higher 
incorrect score compared to participant subjected to the non ego-depletion condition (see Table 2). An 
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ANCOVA showed that the difference in Relative Number of Incorrect responses between the ego-
depletion conditions was significant with F(1,15)=10.122 (p<.01). 6  
Response Time. Participants in the ego-depletion condition had longer response times with an average 
response time of 444 milliseconds than the participants in the non ego-depletion condition who had an 
average response time of 364 milliseconds. An ANCOVA showed that this difference between ego-
depletion conditions was significant, F(1,15)=10.12, p<.01. This suggests that participants who were 
exposed to execute a task that was hypothesized to deplete the ego responded slower to the targets on 
a subsequent task.  
 
For all objective measures of self-regulatory capacity (Number of Incorrect responses, Number of 
Correct responses, Relative Number of Incorrect response, and Response Time) their corresponding 
baseline measures showed no significant effect (all F<1, ns). 
 
Table 2 Estimated marginal mean values and standard errors of dependent variables 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2.4 Discussion  
In this pre-test, we tested whether a typing task in which participants were asked to retype a text 
leaving out all ‘e’s, ‘p’s, and spaces would deplete their self-regulatory capacity more than a normal 
retyping task. The amount of ego-depletion was measured by means of subjective self-regulatory 
capacity (state vitality, state loss of self-control, and state sleepiness) and objective self-regulatory 
capacity (number of correct, number of incorrect, relative number of incorrect, and response time) 
measures. A two-minute period of relaxing, between the depletion task and measurements of the 
dependent variables, was included in the procedure, because the depletion task was designed for a 

                                                        
6Note that applying a recoding strategy, wherein extreme scores are recoded to the highest (or lowest) reasonable 
score (two standard deviations removed from the mean) instead of excluding the outliers, resulted in the 
diminishment of the significance of the found effects. Although, the average number of correct (M=83.78, SD=2.30) 
and the number of incorrect (M=4.42, SD=2.49) responses in the ego-depletion conditions were still larger compared 
to the non ego depletion condition (M=82.26, SD=2.30 and M=1.45, SD=2.49, respectively), the difference in 
correct responses (F<1, ns) and incorrect responses (F(1,16)=1.45, p=.25) was no longer significant. In addition, the 
relative number of errors in the ego-depletion condition (M=.05, SD=0.03) didn’t significantly differ from the 
relative number of errors in the non ego-depletion condition (M=.03, SD=0.03), F(1,16)=1.50, p=.24. 

  

	   	   	  	   Ego-‐Depletion	  

	  	   No	   Yes	  

	   Mean	   Std.	  Error	   Mean	   Std.	  Error	  

State	  Vitality	   3.76	   0.14	   3.12	   0.13	  
State	  Sleepiness	   3.88	   0.50	   5.55	   0.45	  
State	  loss	  of	  Self-‐control	   2.03	   0.35	   3.57	   0.33	  
Calm	   3.23	   0.13	   3.40	   0.13	  
Tense	   2.35	   0.28	   2.22	   0.25	  
Negative	  Affect	   1.13	   0.08	   1.26	   0.07	  
Positive	  Affect	   3.12	   0.24	   2.61	   0.21	  
Number	  of	  Correct	  responses	   82.04	   0.58	   84.52	   0.67	  
Number	  of	  Incorrect	  responses	   1.62	   0.62	   4.34	   0.59	  
Relative	  Number	  of	  Incorrect	  responses	   0.02	   0.01	   0.05	   0.01	  
Response	  Time	   363.83	   21.10	   443.59	   18.27	  
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laboratory study in which there would be a two-minute light treatment after the depletion 
manipulation. Therefore, to make sure the depletion effect would still be evident after the light 
treatment, the amount of depletion was measured after two minutes. 
 
Results showed that the ego-depletion manipulation, congruent with the hypothesis, led to decreased 
subjective state vitality and increased feelings of lost self-control and sleepiness. The effects of the 
manipulation of self-regulatory capacity on these subjective state measures cannot be ascribed to 
changes in mood as no significant effects on other dimensions of mood (positive- and negative affect, 
and tension) were found.  
 
The results of this study also showed that the ego-depletion manipulation, as hypothesized, led to 
more incorrect responses on a subsequent task requiring self-control. Besides, a significant influence 
on the accuracy of performance on the task requiring self-control also emerged. Results showed that 
participants who were exposed to execute an ego-depleting task responded on average slower to the 
presented stimuli, compared to participants who were not exposed to the non ego-depletion condition. 
In the ego depletion condition participants also accomplished significantly more correct responses. 
One could suggest that the ego-depletion manipulation decreased the amount of risk adverse 
behaviour participants exposed, leading to both more correct and incorrect responses. Though, results 
show that also the relative number of incorrect responses was significantly higher after an ego-
depleting manipulation compared to a non ego-depleting manipulation, counter arguing the mediation 
by the risk averseness. In other words, it is assumed that participants who were exposed to execute an 
ego-depleting task performed worse on a task requiring self-control compared to participants who 
were exposes to execute a non ego-depleting task, because it decreased their self-regulatory capacity 
demonstrated in both response time and the absolute and relative amount of incorrect responses.  
 
Overall, these results imply that the ego-depletion manipulation decreased the amount of vitality, 
increased loss of self-control and sleepiness, and resulted in decrements of performance on a task 
requiring self-regulation. Therefore it is concluded that the ego-depletion manipulation successfully 
decreased the amount of energy available for the Self, resulting in decreased amount of self-regulatory 
capacity.  
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3 Laboratory study investigating the effect of CCT on the replenishing effect of light 
This section describes and discusses the method and results of the lab experiment that was employed 
to investigate the effect of CCT on the recovery from ego-depletion. It was hypothesized that, after a 
task depleting self-regulatory capacity, the replenishing effect of a light treatment with a relative high 
CCT is bigger compared to the replenishing effect of a treatment with a lower CCT.  

3.1 Method  
3.1.1 Design 
The experiment followed a 2 (ego-depletion versus non ego-depletion) by 2 (High CCT; 6000K 
versus Low CCT; 2700K) between subjects design. Participants were randomly assigned to one of 
these four conditions.  
 
3.1.2 Participants 
120 people participated in the laboratory study, consisting of 55 female participants and 63 male 
participants, with an average age of 24 years (SD=6.47, range =18 to 50). Data of two participants 
were removed due to a technical problem with the lighting system. A chi-square test and two-way 
ANOVA showed that gender (χ2 (3, N = 118) = 2.43, p =.49) and age (F(3,11)=.75, p =.53) were 
evenly divided over all conditions. All participants were native speakers of Dutch and were recruited 
from a participant data base of the Human Technology Interaction group of the Eindhoven University 
of Technology.  None of the participants suffered from colour-blindness, chronic sleeping disorders, 
severe eye deficiencies or dyslexia.  
 
3.1.3 Procedure    
The procedure used for this laboratory study was similar to that used in the pre-test, except that 
participants were subjected to a two-minute light treatment after the ego-depletion manipulation 
instead of waiting for two minutes without a change of the light. After this light treatment the same 
questionnaire and performance task as in the pre-test were used to measure the dependent variables: 
subjective self-regulatory capacity (State Vitality, State Loss of Self-control, State Sleepiness), 
subjective mood (Tension and Affect), and objective self-regulatory capacity (performance on a task 
requiring self-control). One additional questionnaire, assessing the evaluation and appraisal of the 
light treatment, was administered after the performance measures and right before the measures of the 
control variables. Each session lasted approximately 45 minutes for which participants received a 
monetary reward of 7,50 euro at the end of the session. For a schematic overview of the procedure 
used in the laboratory study we refer to Figure 4. 

 
Figure 4 Procedure of the laboratory study 

3.1.4 Settings 
The experiment was conducted in the same experiment rooms as used in the pre-test and the same 
computer programs were used to administer the questionnaires, instructions, and auditory self-control 
task. In the current laboratory study the light settings were also manipulated. The intensity and the 
CCT were controlled in groups using a control program designed by the Human Technology 
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Interaction group of the Eindhoven University of Technology. The experimenter in the control room 
next to the experiment rooms manipulated the light settings during the experiment. 

3.1.5 Ego-depletion and CCT Manipulations 
The amount of self-regulation capacity was manipulated by means of a typing task that was either 
depleting the ego or not depleting the ego. The depletion typing task was tested in a pre-test and 
showed to successfully manipulate the amount of self-regulatory capacity as the ego-depleting typing 
task resulted in significant decreased subjective state vitality and decreased accuracy on the 
subsequent self-control task compared to the control task (Chapter 2).  
After the amount of self-regulation capacity was manipulated by means of the typing task, CCT was 
manipulated by changing the lighting conditions, from the baseline lighting condition of 3500K 7and 
500lx at eye level and 300lx at the desk, to either the high CCT condition of 6000K and 1000lx at eye 
level and 600lx on the desk or the low CCT condition of 2700K and 1000lx at eye level and 600lx on 
the desk.8  For this light manipulation the same two fluorescent wall and four fluorescent ceiling 
armatures as employed in the pre-test were used. 
 

 
Figure 5 Spectral division lighting conditions of CCT manipulations and baseline 

3.1.6 Measurements  
3.1.6.1 Dependent variables 
The dependent variables measuring self-regulatory capacity consisted of variables similar to those in 
the pre-test. Same scales and constructs were used to measure these variables, leading to subjective 
measures of self-regulatory capacity (State Vitality (α=.87, baseline α=.81), State Sleepiness, State 
Loss of Self-control (α=.74, baseline α=.65), subjective mood (Tense, Calm, Positive and Negative 
Affect), and objective measures of self-regulatory capacity (performance on a self-control task; 
Number of Correct responses, Number of Incorrect responses, Relative Number of Incorrect 
responses and Response Time). In addition, in this study one category of dependent variables was 

                                                        
7 Note that the CCT of the baseline condition differs from the pre-test. A baseline light setting of 3500K was chosen 
because it was perceived to be the perceptual middle between the high and low CCT manipulation.  
8 As luminaires were subject to warm-up time, light settings with an average of 1000lx at eye level during the light 
treatment and measurement of dependent variables were used.  

Baseline lighting condition
3500K; 500lx eye level 300lx at desk

High CCT lighting condition
6000K; 1000lx eye level 600lx at desk

Low CCT lighting condition
2700K; 1000lx eye level 600lx at desk
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added: participants’ evaluation and appraisal of the lighting condition. These variables were 
measured, in contrast to the other dependent variables, only once, in a questionnaire at the end of the 
session.  
  
Appraisal of the lighting condition: Participants were asked to indicate to what extent they thought 
the current environmental lighting would improve their well-being and performance. Participants 
were asked to indicate on 5-point semantic differential scales to what extent they believed the lighting 
condition was stimulating versus calming, results in decreased versus increased focus, results in 
decreased versus increased performance. In addition they were asked to indicate on 5-point Likert 
scales to what extend the felt the environmental lighting would improve mood, improve focus, restore 
energy, improve vitality, improve attention, help relaxing, and improve performing. A principal 
components factor analysis with Varimax rotation was conducted on these items. The factor analysis 
showed that two factors could be extracted. The factor Energizing (Cronbach’s α of .92) was 
constructed by averaging the scores of the items ‘results in increased focus’, ‘results in increased 
performance’, ‘improve focus’, ‘restore energy’, ‘improve vitality’, ‘improve attention’, and ‘improve 
performing’. The factor Mood enhancing (Cronbach’s α of .73) was constructed by averaging the 
scores of the items ‘result in improved mood’ and ‘help relaxing’.  

Experienced Unpleasantness: Participants were asked to rate the pleasantness (Pleasant -  
Unpleasant) and comfortableness (Comfortable - Uncomfortable) of the lighting condition in the room 
on 5-point semantic differential scales. Averaging scores on these two scales resulted in a 
measurement of Experienced Unpleasantness (Cronbach’s α of .92). 
 
Experienced Coldness: Participants were asked to rate the experienced colour of the lighting condition 
in the room on a 5-point semantic differential scale (Cold - Warm). 
 
3.1.6.2 Control variables 
The control variables in this study were also similar to those in the pre-test, consisting of Trait vitality 
(Cronbach’s α of .84), Trait self-control (Cronbach’s α of .82), General Sleep Quality, Chronotype, 
Motivation and Difficulty of the typing and go-no-go tasks, and Ease of Typing. 
 
3.1.6.3 Potential confounding variables  
Potential confounding variables (Hours of sleep, Quality of Sleep, Outside, Mental Activity, Physical 
Activity, Caffeine, and Food) were assessed in the same way as was done in the pre-test, measuring 
the time they had woken up in the morning, if they had been outside one hour prior to the experiment, 
the amount of mental and physical activity they engaged in prior to the experiment, and whether they 
had caffeine holding beverages or anything to eat one hour prior to the experiment. In addition 
weather conditions at the time of the experiment were assessed. 
Weather conditions: At the start of every session the researcher registered the type of weather (rainy, 
completely overclouded, partly overclouded, or sunny). 
 
3.1.7 Statistical analysis  
First, the distribution of all control and confounding variables over the four conditions was 
investigated. Pearson chi-square tests, for the dichotomous confounding variables, and ANOVAs, for 
the continuous confounding and control variables, were employed to investigate whether these 
variables differed between conditions. In addition, the normality of the distribution of dependent, 
confounding, and control variable scores was investigated. To prevent outlier bias, scores were 
removed from the data set if they had an absolute Z-score greater than two. In order to test the 
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hypothesis stating that a light treatment with a relative high CCT has a more replenishing influence, 
compared to a light treatment with a relative low CCT, on self-regulation capacity after a depletion 
task, two-way ANCOVA’s, with Ego-depletion (depleted ego versus non depleted ego) and CCT 
(high versus low CCT light treatment) as between subject variables, were performed. These analyses 
investigated the main and interaction effects of the ego-depletion manipulation and CCT of the light-
treatment on subjective state vitality, subjective state loss of self-control, subjective state sleepiness, 
subjective state tension, positive and negative affect, objective performance on a task requiring self-
control, and the beliefs and evaluation of the lighting condition. In these analyses, the baseline 
measure of the corresponding dependent variable was added as covariate. Potential confounding 
variables that were unequally divided over Ego-depletion and CCT conditions were included as 
covariates or fixed factors. Control variables with a significant absolute correlation value higher than 
.30 with the dependent variable were also included in the two-way ANCOVAs. In case of non-
normally distributed variables or non-homogenously distributed dependent variables a Mann-Whitney 
U test instead of an ANCOVA was performed to investigate the effect of the ego-depletion and CCT 
manipulations.  
 
3.2 Results 
First, it was investigated whether the control, potential confounding and baseline measures differed 
between conditions. Subsequently, the effects of the ego depletion manipulation and CCT 
manipulation on the subjective and objective measures of self-regulatory capacity, subjective mood, 
and appraisals and evaluations of the lighting treatment will be reported. 

Potential confounding variables. Pearson chi-square tests were performed to investigate whether the 
dichotomous potential confounding variables differed between the experimental conditions. These 
tests showed that the percentage of participants who had consumed caffeine holding drinks (χ2 (3, N = 
118) = .77, p = .86), spent time outside (χ2 (3, N = 118) = 5.92, p = .12) or ate anything (χ2 (3, N = 
118) = .97, p =.81) one hour previous to the experiment did not vary significantly with condition.  
There was no significant differences between the conditions in terms of weather type (F (3,114) = .57, 
p = .64), hours of sleep (F(1,107) = .73, p=.53), and the amount of physical (F(1,114) = .72, p =.54) 
and mental activity (F(1,114)=.26, p=.86) prior to the experiment. These results of the distribution of 
these potential confounding variables indicate that the found effects in the analyses are not due to an 
uneven distribution of these variables.   
Control variables. The distribution of the control variables was also tested by means of ANOVAs 
with Ego depletion and CCT as independent variables. Trait Vitality (F(1,107) = .36, p = .79), Trait 
Self-control (F(1,111) = 1.19, p=.38), chronotype (F(1,108) = 1.16, p = .33), and speed of typing 
(F(1,96) = .38, p = .77) all showed to not significantly differ amongst the four conditions. Tables 
describing the estimated marginal mean values and standard deviations of these potential confounding 
and control variables can be found in Appendix G. 
 
Baseline measures of dependent variables 
Two-Way ANOVA’s, with two levels of Ego-depletion manipulation (depleted ego versus non 
depleted ego) and two levels of CCT of the light treatment (high versus low), on the baseline 
subjective measurement and performance measures were performed to test whether there were 
baseline differences. The results showed that Positive Affect at baseline significantly differed amongst 
Ego-depletion conditions (F(1,112)= 6.72, p=.01). Participants indicated to feel happier at the start of 
the experiment prior to the ego-depletion condition (M = 3.49, SD = .66) compared to the non ego-
depletion condition (M = 3.16, SD = .67).  
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Results showed non-significant trends suggesting that Calm (F(1,110) = 3.26, p = .07) and Negative 
Affect (F(1,108) = 2.88, p = .09) reported by participants differed in the baseline measurement 
between the high CCT condition (M = 4.09, SD = .66 and M = 1.13, SD = .33, respectively) and to the 
low CCT condition (M=3.89, SD=.58 & M=1.25, SD=.44, respectively). In addition, a non-significant 
trend on response-time was found (F(1,106)=3.43, p=.07), which indicated that the mean reaction 
time of participants was higher at baseline prior to the high CCT condition (M = 479.30, SD = 68.07) 
compared to the low CCT condition (M = 456.23, SD = 62.80). All other baseline measures of the 
dependent variables did not significantly differ amongst conditions (p > .10). Nevertheless, 
correlations between the baseline and the measures during the lighting condition showed that baseline 
measures of the dependent variables all, with exception of Number of Correct responses (r = .05, p = 
.57), significantly correlated with the corresponding dependent subjective and performance measures 
(all r>.3 and p<.01).  The corresponding baseline measures were therefore included as covariates in 
the ANCOVAs investigating the influence of Ego-depletion and CCT on the dependent variables.  
 
Subjective measures of self-regulatory capacity  
Analyses were performed to test whether a light treatment with a relatively high CCT leads to more 
energy available for the Self and therefore higher ratings of subjective vitality and lower ratings of 
loss of self-control and sleepiness compared to a light treatment with al lower CCT. Based on the 
results found in the pre-test, it was expected that participants would indicate to feel less vital, and feel 
more loss of self-control and sleepiness in the ego-depletion condition compared to the non ego-
depletion condition. 
Moreover it was expected that a light treatment with a relatively higher CCT would replenish the Self 
more after it had been depleted compared to a light treatment with a relatively low CCT. Therefore 
the difference between CCT conditions was expected to be more pronounced in the ego-depletion 
condition compared to the non ego-depletion condition. 
The estimated marginal mean values and standard errors of State Vitality, State Sleepiness and State 
Loss of Self-control are reported in Table 3. 
 
Table 3 Estimated marginal mean values and standard errors of subjective self-regulatory capacity 

	   	  
State	  Vitality	   State	  Sleepiness	   State	  Loss	  of	  Self-‐control	  

	   	   Mean	   Std.	  Error	   Mean	   Std.	  Error	   Mean	   Std.	  Error	  

Non	  ego-‐depletion	   Low	  CCT	   3.57	   0.07	   3.98	   0.19	   2.43	   0.14	  

 
High	  CCT	   3.55	   0.08	   4.24	   0.21	   2.40	   0.15	  

	   Total	   3.56	   0.06	   4.11	   0.14	   2.41	   0.10	  

Ego-‐depletion	   Low	  CCT	   3.48	   0.08	   4.19	   0.20	   2.69	   0.15	  

 
High	  CCT	   3.84	   0.08	   3.69	   0.19	   2.38	   0.14	  

	  
Total	   3.66	   0.06	   3.94	   0.14	   2.54	   0.10	  

Total	   Low	  CCT	   3.52	   0.05	   4.08	   0.14	   2.56	   0.10	  

 
High	  CCT	   3.69	   0.06	   3.96	   0.14	   2.39	   0.10	  

 
Total	   3.61	   0.04	   4.02	   0.10	   2.48	   0.07	  

 
State Vitality. In line with what was expected, participants indicated to feel less vital after an ego-
depletion task compared to a non ego-depletion condition. In addition a relatively high CCT light 
treatment resulted in higher vitality compared to a low CCT light treatment. These scores on 
subjective state vitality were subjected to a two-way ANCOVA. This two-way ANCOVA showed 
that the difference between CCT conditions was significant, F(1, 103)= 4.52, p = .04. This analysis 
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also showed that the overall difference in State Vitality between the Ego-depletion conditions was not 
significant, F(1, 103)=1.54, p=.22.  
As can been seen in Table 3, in case of an ego-depletion condition participants indicated to feel more 
vital when being exposed to a light treatment with a relatively higher CCT compared to a light 
treatment with a lower CCT. In the non ego-depletion condition participants also rated to feel more 
vital when being exposed to a light treatment with a relatively high CCT, however the difference 
between these means was smaller. In addition, the interaction effect between CCT and ego-depletion 
was significant, F(1, 103)= 5.63, p = .02. In line with this, pairwise comparisons indicated that the 
effect of CCT was only significant in the Ego-depletion condition (F=1, 102)=9.99, p=.02), and not in 
the non ego-depletion condition (F(1 102)=.03, p=.88).  
Note however, that results also showed an unexpected interaction effect of the Ego-depletion and 
CCT manipulations (see Figure 6). Participants whose ego was depleted indicated to feel more vital 
compared to participants whose ego was not depleted when they received a high CCT light treatment 
(p= .02). The opposite pattern of differences in State Vitality between Ego-depletion conditions was 
not significant when they received a light treatment with a relatively low CCT (p= .42).  
 
State Sleepiness. In line with what was expected, participants indicated to feel sleepier in the ego-
depletion condition compared to the non ego-depletion condition. In addition as expected a low CCT 
light treatment resulted in more sleepiness compared to a high CCT light treatment. However, a two-
way ANCOVA showed that these differences between the CCT conditions and the Ego-depletion 
conditions was not significant (both F<1, ns).  
However, the ANCOVA did show a non-significant trend for an interaction between ego-depletion 
and CCT manipulation on the subjective state sleepiness, F(1, 105) = 3.57, p = .06. Pairwise 
comparisons showed a trend for participants whose ego was depleted to feel less sleepy when being 
exposes to a light-treatment with a high CCT compared to being exposed to a light-treatment with a 
low CCT (F(1,104)= 3.23, p =.08). No such difference was found for participants whose ego was not 
depleted (F(1,104)=.80, p=.37). This suggests that the effect CCT was more pronounced when the ego 
was depleted.  
Note, however, that participants whose ego was depleted indicated to have lower feelings of 
sleepiness compared to participants whose ego was not depleted, when the received a light treatment 
with a relatively high CCT (see Figure 7). Pairwise comparisons showed that this difference was a 
non-significant trend (p =.06). The opposite pattern of differences in State Sleepiness between 
conditions of Ego-depletion was not significant when participants received light treatment with a 
relatively low CCT (p =.46). 

 
Figure 6 Subjective State Vitality scores     Figure 7 Subjective State Sleepiness scores 
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State Loss of Self-control. In line with what was expected, participants rated to feel more Loss of Self-
control in the ego-depletion condition compared to the non ego-depletion condition. Besides they 
indicated to feel more Loss of Self-control in the relatively low CCT condition compared to the high 
CCT condition. However, a two-way ANCOVA, showed no significant difference of subjective state 
loss of self-control between the ego-depletion conditions (F<1, ns) and no significant difference 
between CCT conditions (F(1, 109) =1.4, p=.24). In addition no significant interaction effect of CCT 
and Ego-depletion was found (F<1, ns).  
 
In addition all baseline measures of subjective self-regulatory capacity (State Vitality, State 
Sleepiness, and State Loss of Self-control) show to be a significant predictor of their corresponding 
dependent variable (respectively, F(1, 103)= 73.44,  p < .01, F(1, 105)= 141.31,  p < .01, and F(1,  
109)= 119,98,  p < .01). Indicating that the amount of self-regulatory capacity in the baseline 
positively correlated with the self-regulatory capacity after the Ego-depletion and CCT manipulation 
(respectively, β =.77, β =.76, and β =.79) 
 
Subjective state Mood.  
Two-way ANCOVA’s were employed to investigate whether the effect of the CCT manipulation was 
due to the influence on replenishment of the Self, and not due to an improvement of mood. No effects 
of the CCT manipulation on subjective mood measures were expected. Table 4 reports the estimated 
marginal mean values and standard errors of the subjective state mood measures  
 
Table 4 Estimated marginal mean values and standard errors of subjective state mood. 

	   	   Calm	   Tension	   Positive	  Affect	   Negative	  Affect	  

	   	   Mean	   Std.	  Error	   Mean	   Std.	  Error	   Mean	   Std.	  Error	   Mean	   Std.	  Error	  

Non	  ego-‐depletion	   Low	  CCT	   3.88	   0.11	   2.14	   0.16	   3.18	   0.10	   1.21	   0.06	  

 
High	  CCT	   3.93	   0.12	   2.09	   0.17	   3.23	   0.10	   1.19	   0.07	  

	  
Total	   3.90	   0.08	   2.11	   0.12	   3.20	   0.07	   1.20	   0.05	  

Ego-‐depletion	   Low	  CCT	   3.79	   0.12	   2.28	   0.17	   3.07	   0.10	   1.25	   0.06	  

 
High	  CCT	   3.69	   0.12	   2.34	   0.16	   3.13	   0.10	   1.15	   0.06	  

	   Total	   3.74	   0.08	   2.31	   0.12	   3.10	   0.07	   1.20	   0.04	  

Total	   Low	  CCT	   3.84	   0.08	   2.21	   0.12	   3.13	   0.07	   1.23	   0.05	  

 
High	  CCT	   3.81	   0.09	   2.21	   0.12	   3.18	   0.07	   1.17	   0.05	  

 
Total	   3.82	   0.06	   2.21	   0.08	   3.15	   0.05	   1.20	   0.03	  

Tension. Scores on both items of tension (Tension and Calm) were subjected to a two-way ANCOVA. 
For both items Calm and Tense, no significant differences between CCT conditions (both F<1, ns) or 
Ego-depletion conditions were found (F(1,103)=1.95, p=.17 and F(1,111)=1.40, p=.24, respectively). 
Nor was there a significant interaction effect between Ego-depletion manipulation and CCT 
manipulation on both items of tension (both F<1, ns).  
Positive Affect. A correlation test of all control and confounding variables indicated a high correlation 
between Trait Vitality and positive affect (r=-.30, p<.01). Therefore Trait Vitality was included as 
covariate in the two-way ANCOVA investigating the effect of the Ego-depletion and CCT 
manipulations on Positive Affect. No significant main effects of the Ego-depletion and CCT 
manipulation on positive affect were found (both F<1, ns). However, the two-way ANCOVA revealed 
a significant effect of participants’ Trait Vitality scores, F(1,101)=4.21, p=.04, demonstrating that 
participants who indicated to have a higher Trait Vitality also reported higher feelings of positive 
affect during the light exposure (β =.23).  
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Negative Affect. A two-way ANCOVA revealed no significant main or interaction effect of Ego-
depletion condition and CCT condition on Negative Affect (F<1, ns). Note, however, that the variance 
ratio of this dependent variable indicated that Negative Affect was not homogeneously distributed 
over conditions. Therefore, a non-parametric Mann-Whitney U test was also performed, which 
indicated that Negative Affect was greater for participants who were exposed to an light treatment 
with a relatively low CCT light treatment compared to participants who were exposed to a light 
treatment with a relatively high CCT, U=317.5, p=.045. No significant effect of Ego-depletion was 
found. 
 
In addition baseline measures of subjective state Mood measures (Calm, Tense, Positive Affect, and 
Negative Affect) did show to have a significant prediction value (respectively, F(1,103)=41.06, p<.01,  
F(1,111)=32.45, p<.01, F(1,105)=141.31, p<.01, F(1,101)=69.82, p<.01) Indicating that the amount of 
subjective mood the baseline positively correlated with the subjective mood after the Ego-depletion 
and CCT manipulation (respectively, β =.60, β =.66, β =.60, and β =.63) 
 
Appraisals of the lighting condition  
It was also investigated whether appraisals concerning the Energizing and Mood Enhancing effect of 
lighting differed between the two conditions. Two-way ANOVA’s were performed to investigate 
whether participants rated the low CCT lighting treatment to be less energizing, but more mood 
enhancing, compared to the high CCT lighting treatment. Table 5 reports estimated marginal mean 
values and standard errors of the appraisals of the light treatment.  

Table 5 Estimated marginal mean values and standard errors of appraisals of the lighting treatment 
	   	   Energizing	   Mood	  enhancing	  

	   	   Mean	   Std.	  Error	   Mean	   Std.	  Error	  

Non	  ego-‐depletion	   Low	  CCT	   2.95	   0.14	   3.19	   0.16	  

 
High	  CCT	   3.17	   0.15	   2.39	   0.17	  

	   Total	   3.06	   0.10	   2.79	   0.12	  

Ego-‐depletion	   Low	  CCT	   2.65	   0.14	   3.31	   0.17	  

 
High	  CCT	   3.49	   0.14	   2.12	   0.17	  

	  
Total	   3.07	   0.10	   2.71	   0.12	  

Total	   Low	  CCT	   2.80	   0.10	   3.25	   0.12	  

 
High	  CCT	   3.33	   0.10	   2.25	   0.12	  

 
Total	   3.06	   0.07	   2.75	   0.08	  

Energizing: A two-way ANOVA yielded that the difference in Energizing appraisal towards the light 
treatment was significant between CCT conditions, F(1, 110)= 13.92,  p < .01. Table 5 shows that this 
difference was in line with what was expected, as participants rated the lighting in of the high CCT 
treatment to be more energizing compared to participant in the low CCT condition. Means indicated 
only a small difference between depletion conditions and in accordance the ANOVA indicated this 
difference to not be significant (F<1, ns).  
The ANCOVA showed, however, that the interaction effect between Ego depletion and CCT was 
significant, F(1,110)=4.75,p=.01. Pairwise comparisons showed that the difference in beliefs between 
the two lighting conditions was most pronounced when participant’s ego was depleted (see Table 5). 
Participants whose ego was depleted reported to find the light treatment with a high CCT more 
Energizing in comparison with a light treatment with a low CCT(p< .01). For participants whose ego 
was not depleted, no difference in Energizing between CCT conditions was found (p= .28). 
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Mood Enhancing: Participants in the low CCT condition rated the lighting to be more mood 
enhancing compared to participants in the high CCT condition (see Table 5). A two-way ANOVA 
showed that the main effect of CCT on Mood Enhancing was significant (F(3,114) = 35.53, p<.01).  
The difference between Ego-depletion conditions was not significant (F<1, ns) and no significant 
interaction of CCT and Ego-depletion was found (F(1,114)=1.40, p=.24). 

Evaluation of the lighting condition  
To obtain more insights in how the lighting conditions were perceived by participants, the evaluation 
of the lighting condition in terms of pleasantness and colour (warm vs. cold) was investigated. Table 6 
reports estimated marginal mean values and standard errors of the evaluation of the light treatment. 

Table 6 Estimated marginal mean values and standard errors of evaluation of the lighting treatment 

	   	   Experienced	  Unpleasantness	   Experienced	  Coldness	  

	   	   Mean	   Std.	  Error	   Mean	   Std.	  Error	  

Non	  ego-‐depletion	   Low	  CCT	   2.78	   0.19	   2.41	   0.17	  

 
High	  CCT	   2.89	   0.21	   4.11	   0.19	  

	   Total	   2.84	   0.14	   3.26	   0.13	  

Ego-‐depletion	   Low	  CCT	   2.48	   0.20	   1.90	   0.18	  

 
High	  CCT	   3.27 0.20	   4.37	   0.18	  

	   Total	   2.88 0.14	   3.13	   0.13	  

Total	   Low	  CCT	   2.63	   0.14	   2.15	   0.13	  

 
High	  CCT	   3.08 0.14	   4.24	   0.13	  

 
Total	   2.86	   0.10	   3.20	   0.09	  

 

Experienced Unpleasantness: Participants in the high CCT condition rated the light to be more 
unpleasant compared to participants in the low CCT condition. A two-way ANOVA showed that the 
difference between the CCT manipulations was significant (F(1,114)=5.07, p=.03). No significant 
main effect of Depletion manipulation was found (F<1, ns). The interaction effect between CCT and 
Depletion manipulation, however, showed a non-significant trend, F(1,1 14)= 2.92 ,p = .09. Pairwise 
comparisons showed that the difference between CCT was most pronounced when participant’s ego 
was depleted. Participants whose ego was depleted indicated to find a light treatment with a high CCT 
less pleasant compared to a light treatment with a low CCT (p< .01). No such difference was found 
for participants whose ego was not depleted. (p= .70). 

Experienced Coldness: Participants in the high CCT condition rated the lighting to be colder 
compared to participants in the low CCT condition. Results of the two-way ANOVA showed that the 
difference between CCT conditions was significant (F(1,114)=135.13, p<.01). No significant 
difference between the ego-depletion conditions was found (F<1, p=ns). However, the interaction 
effect between CCT and Ego-depletion manipulation showed to be significant (F(1, 114)=4.54, 
p=.04). The effect of CCT was significant in both conditions of Ego-depletion (both p < .01). 
However, participants in the ego-depletion condition rated the low CCT light treatment to be 
significantly colder compared to participants whose ego was not depleted (p= .04). No significant 
difference was found for the ratings of the high CCT light treatment (p= .32). 
Nevertheless, a variance ratio of 2.99 indicated that the distribution of the variable Experienced 
Coldness was not homogenous. Therefore an additional non-parametric Mann-Whitney U test was 
performed. This test indicated that, consistent with the results found in the ANOVA, the experienced 
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colour of the lighting differed between the high CCT and low CCT condition, U=3133.00 p<.01. 
However, no significant difference between Ego-depletion conditions was found (p>.10).  

Objective measures of self-regulatory capacity 
 
In this section, we investigate whether a relatively low CCT would lead to a lower performance (i.e. 
more incorrect responses) on a task requiring self-control compared to a higher CCT. In addition it 
was investigated whether a light treatment with a relatively higher CCT would replenish the Self more 
after it had been depleted compared to a light treatment with a relatively low CCT. Finally, because it 
was assumed that the effect of CCT on performance was due to a difference in replenishment and not 
a shift in accuracy vs. speed trade-off. For that reason no effect on reaction time was expected.  
Table 7 reports the estimate marginal mean values and standard errors of the objective self-regulatory 
capacity measures. 
 
Table 7 Estimated marginal mean values and standard errors of objective performance measures 

	   	   Number	  of	  incorrect	   Number	  of	  correct	   Relative	  number	  of	  errors	   Response	  time	  

	   	   Mean	   Std.	  Error	   Mean	   Std.	  Error	   Mean	   Std.	  Error	   Mean	   Std.	  Error	  

Non	  ego-‐depletion	   Low	  CCT	   1.80	   0.33	   86.22	   0.62	   0.02	   0.00	   478.28	   8.43	  

 
High	  CCT	   2.49	   0.35	   86.14	   0.70	   0.03	   0.00	   458.81	   9.20	  

	   Total	   2.15	   0.24	   86.18	   0.47	   0.02	   0.00	   468.54	   6.23	  

Ego-‐depletion	   Low	  CCT	   2.70	   0.35	   86.45	   0.67	   0.03	   0.00	   457.36	   9.24	  

 
High	  CCT	   1.96	   0.33	   86.98	   0.65	   0.02	   0.00	   448.47	   9.07	  

	  
Total	   2.33	   0.24	   86.72	   0.46	   0.03	   0.00	   452.92	   6.43	  

Total	   Low	  CCT	   2.25	   0.24	   86.34	   0.46	   0.03	   0.00	   467.82	   6.28	  

 
High	  CCT	   2.23	   0.24	   86.56	   0.47	   0.03	   0.00	   453.64	   6.48	  

 
Total	   2.24	   0.17	   86.45	   0.33	   0.03	   0.00	   460.73	   4.48	  

 
Performance on a task requiring self-control  
Number of correct- and incorrect responses. Objective baseline measures on the auditory Go-no-Go 
task of four participants were not correctly measured, due to technical problems, and therefore deleted 
from the dataset. Table 7 shows that in line with what was expected the Number of Incorrect 
responses was higher when being exposed to a low CCT lighting treatment compared to a relatively 
higher CCT light treatment. However, a two-way ANCOVA showed that this difference of Number of 
Incorrect responses over CCT conditions was not significant (F<1, ns). In addition no significant 
differences between Ego-depletion conditions was found (F<1, ns). The interaction effect, however, 
was significant, F (3,102)=4.47, p=.04. In line with what was expected, pairwise comparisons showed 
a non-significant trend for a difference between Ego-depletion conditions in the low CCT condition, 
indicating that the number of incorrect responses in the low CCT light-treatment condition was higher 
when participants performed the ego-depleting task compared to the non ego-depleting task prior to 
the light-treatment, p=.06.9 Pairwise comparisons showed, however, no significant difference between 
the Ego-depletion conditions in the high CCT condition (p=.27).  
                                                        
9Note that applying a recoding strategy, wherein extreme scores are recoded to the highest (or lowest) reasonable 
score (two standard deviations removed from the mean) instead of excluding the outliers, resulted in a diminishment 
of the significance of the found differences in the absolute number of errors between conditions. Although, the 
average number of correct responses (M=2.66, SD=2.43) in the ego-depletion conditions were still larger compared 
to the non ego depletion condition (M=2.57, SD=-2.31), the difference became a non-significant trend 
(F(1,110)=2.85, p=.09).  
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In line with what was expected, a two way ANCOVA, showed no significant differences in Number 
of Correct responses between the CCT or Ego-depletion manipulation (both F<1, ns). In addition, no 
significant interaction effect of CCT and Ego-depletion was found (F<1, ns). Yet, because a variance 
ratio of 2.66 indicated that number of correct responses was not homogeneously distributed amongst 
conditions, a Mann-Whitney U test was also performed. This non-parametric test showed no 
significant difference between the conditions (all p>.10).  

A two way ANCOVA, with variable Relative Number of Incorrect responses as dependent variable, 
showed no significant differences in the Relative Number of Incorrect responses between CCT and 
Ego-depletion conditions (both p > .10). The interaction effect between CCT and Ego depletion 
showed a non-significant trend (F(1, 103)=2.84, p=.10). This trend indicated that, in line with what 
was expected and congruent with what was found for the absolute Number of Incorrect Responses, 
participants made relatively more incorrect responses after performing an ego-depleting task 
compared to a non ego depleting task, prior to the light-treatment in the low CCT light-treatment 
condition (p=.09), but not in the high CCT condition (p = .52).  

Response time. A two-way ANCOVA, with variable Response Time as dependent variable, showed a 
non-significant trend for an effect of ego-depletion on mean reaction time with F(1,106)=3.05, p=.08. 
This tendency indicates that participants who were exposed to execute a task that depleted their ego 
responded, in contrast to what was expected, faster to stimuli on a subsequent task requiring self-
regulatory capacity (see Table 5). No significant difference between CCT condition was found 
(F=2.43, p=.12). The interaction effect was also found to be non-significant (F< 1, ns). However, 
participants whose ego was depleted responded faster to target stimuli compared to participants whose 
ego was not depleted, when being exposed to a light treatment with a low CCT.  Pairwise 
comparisons showed that this difference was a non-significant trend (F(1 105)= 2.82, p= .10). No 
difference was found for participants who were exposed to a light treatment with a high CCT (p= .65) 

The baseline measures of the objective measures of self-regulatory capacity (Number of Incorrect 
Responses, Relative Number of Incorrect Responses, and Response Time) did show to have a 
significant prediction value (respectively, F(1,102)= 14.34, p<.01, F(1,103)=55.91, p<.01, and F(1 
106)= 86.97, p < .01) Indicating that the amount of objective self-regulatory capacity the baseline 
positively correlated with the subjective mood after the Ego-depletion and CCT manipulation 
(respectively, (β =.93, β =.18 and β =.64). However, the baseline measure of Number of Correct 
showed to be a non-significant predictor (F<1, ns). 
 
3.3 Discussion  
The current study investigated the effect of a light treatment with a relatively high vs. low CCT 
(6000K vs. 2700K) on self-regulatory capacity after ego depletion. Lighting with a relatively high 
CCT contains more light with a short wavelength compared to lighting with a lower CCT. Research 
has shown that the ipRGCs are most sensitive to short wavelength light (i.e., light around 480nm; 
Hattar, et al. 2003) and indicated that short wavelengths have a more pronounced effect on the 
psychological arousal of human beings (e.g., Mills et al., 2007; Viola et al.,2008; vandeWalle et 
al.,2007b). Therefore it was hypothesized that a light treatment with a relatively high CCT compared 
to a lower CCT would replenish subjective vitality and performance on a task requiring self-control 
more after performing a task drawing on self-regulation. No effects on positive affect, negative affect 
and tension was expected, since the effect of CCT was hypothesized to be caused by the 
replenishment of the energy available for Self. In addition, in line with this, the effect of CCT was 
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expected to be more pronounced in the ego-depletion condition compared to the non ego-depletion 
condition. 

Results showed that, congruent with the hypothesis, after an ego-depletion task a light treatment with 
a relatively high CCT resulted in a higher subjective self-regulatory capacity. Participants reported 
significantly higher subjective state vitality when exposed to light with a relatively high CCT 
compared to exposure to a low CCT. In addition, a non-significant trend suggested that participants 
reported lower feelings of sleepiness in the high CCT compared to the low CCT condition after the 
ego-depletion condition, but not after the non ego-depletion condition. However, no effects of CCT 
and ego-depletion on subjective state loss of self-control were found. The fact that these positive 
effects of CCT were more pronounced when participants suffered from depleted resources indicates 
that self-regulation capacity was influenced by the CCT manipulation resulting in a difference in 
subjective state vitality and sleepiness. In addition, this assumption is supported by the lack of an 
effect of CCT on positive affect, negative affect, and tension. Moreover participants exposed to the 
high CCT lighting treatment indicated to find the lighting condition less mood enhancing and less 
pleasant compared to participants exposed to the low CCT light treatment. Consistent with the results 
of CCT on subjective measures of self-regulatory capacity, participants exposed to the high CCT light 
treatment indicated to believe that the lighting was more energizing compared to participants in the 
low CCT condition. This effect of CCT was also larger when participant were exposed to an ego-
depletion task compared to a non ego-depletion task prior to the light-treatment. 
It should be noted however, that participants whose ego was depleted indicated lower feelings of 
sleepiness and higher feelings of state vitality compared to participant whose ego was not depleted, 
when being exposed to a light treatment with a high CCT. No such difference between depletion 
conditions was found when participants were exposed to a light treatment with a low CCT.  This 
could imply that the replenishing effect of high CCT light-treatment is positively influenced by the 
degree to which participant’s ego is depleted.  
 
Results of the objective performance measures on a task requiring self-control showed that 
participants who were exposed to an ego-depleting task performed worse on a subsequent task 
requiring self-control, as both the absolute and relative number of errors increased. However, when 
being exposed to a light treatment with a relative high CCT, the effect of the ego-depleting task was 
no longer significant, indicating that the amount of energy available for self-regulation was 
replenished by the high CCT light-treatment. These results are in line with the hypothesis and 
previous research of Lockley et al. (2006) and vandeWalle et al. (2007b) that suggested that short 
wavelengths have a more pronounced psychological alerting and activating effect on humans and the 
research of Meesters et al. (2011), Mills, Tomkins & Schlangen (2007), and Viola et al. (2008) that 
indicating that blue-enriched white light, i.e. light with a high portion in the blue spectrum, has a more 
powerful effect on alertness, work performance, and the decrease of SAD-symptoms.  
It should be noted, however, that participants whose ego was depleted not only made more incorrect 
responses but also responded faster when being exposed to a low CCT light treatment compared to 
participants whose ego was not depleted and were exposed to a low CCT light treatment. One could 
argue that the faster response time together with more errors suggest a speed- accuracy tradeoff.  
 
Overall, these results support the hypothesis: “After a task decreasing subjective state vitality, light 
treatment with a higher CCT will lead to higher subjective state vitality compared to lower CCT 
lighting” and “After a first task drawing on self-regulation, a light treatment with a higher CCT will 
lead to better performance on a subsequent task requiring self-regulation, compared to lower CCT 
lighting”. Significant effects of the CCT conditions on subjective state vitality and performance on a 
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task requiring self-control were found. Hence, this study found evidence that for a brief light 
treatment the blue spectrum light positively influences the energy available for the self. However in 
this study the effect of blue spectrum light was examined and the ego was depleted in a controlled 
environment. Besides the CCT manipulation consisted of a brief light treatment. More research, 
investigating the effect of more prolonged short wavelength exposure and the dynamic development 
of vitality and self-control throughout the day in a more real life setting, is needed in order to draw 
more externally valid conclusions about the effect of short wavelengths on the energy available for the 
Self.  
  



29 

4 Field study investigating the effect of light in different parts of the spectrum 
4.1 Method 
A field study was conducted to investigate whether the results that were found in the laboratory study 
also hold in a real-life setting. Additionally, the field study allowed us to measure the effect of the 
light manipulation on self-regulatory capacity throughout the day. In this field study it was 
investigated whether blue spectrum light would lead to higher subjective and objective measures of 
self-regulatory capacity compared to light with less relative power in the blue spectrum. In this 
chapter, the method and results of the field study are described and discussed.  
 
4.1.1 Design 
The field study consisted of a within subject-design with two conditions of spectral power, which 
were manipulated by orange and green coloured glasses, manipulating the spectrum of light entering 
the eyes of the participants. Orange glasses transduced only light with wavelengths greater than 
540nm, thereby depriving participants from short wavelength lighting (i.e. blue light). Green glasses 
transduced only light with wavelengths shorter than 600 nm, thereby depriving participants from long 
wavelength lighting (i.e. orange light). The order in which participants were exposed to both of the 
conditions was randomly assigned. Data was captured by means of an experience sampling protocol, 
investigating the dynamic development of vitality and self-control throughout the day. Participants 
were asked to schedule their two experiment-days in such a way that it would not interfere with 
important finals or other important performance tasks. Additionally, participants were asked to 
schedule the experiment during work or school days in such a way that experiment days were similar 
with regard to workload and activities performed during and the evening prior to the experiment day. 
Each session consisted of two experiment days, each followed by a follow-up day. 
 
4.1.2 Participants 
Twenty-nine people participated in the field study, consisting of 15 female participants and 14 male 
participants, with an average age of 24.62 years (SD=7.24, range =18 to 53). Participants were asked 
to fill out 12 hourly questionnaires each day. On average participants filled out more than 11 
questionnaires each day (M = 11.29, SD = 1.43) as there were 57 missed calls in total but also 16 
extra filled out questionnaires, resulting in a total of 655 distinct cases. The number of cases measured 
was equally divided over spectral power conditions. Subjective mood and subjective state self-control 
data of 30 cases, and hourly measured confounding variables of 89 cases were removed due to a 
technical problem with the experience sampling questionnaire. All participants were native speakers 
of Dutch and were recruited from a participant database of the Human Technology Interaction 
department of the Eindhoven University of Technology, or by means of flyers at the University 
Campus. None of the participants suffered from colour-blindness, chronic sleeping disorders, or 
severe eye deficiencies.  
 
4.1.3 Procedure    
After participants scheduled their participation slot they received an e-mail explaining the procedure 
of the study. Participants collected the equipment one day prior to the first experiment day. They were 
welcomed by the researcher and introduced to the field study. The researcher informed the participant 
about the research and checked if they had not scheduled their participation on days with any 
important performance tasks. The researchers elaborately explained the research procedure to the 
participant and made them familiar with the questionnaire software on the mobile PDA device and the 
self-control task. When participants had no further questions the researcher handed them all the 
equipment (mobile PDA device with questionnaire software, glasses with orange and green glasses 
and a diary) and an instruction booklet with contact information in case they had any questions or 
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difficulties later on during the experiment. Each experiment day, participants were asked to wear 
either the orange or green glasses, to which they were randomly assigned, start up the questionnaire 
program on the mobile PDA device and report the quality and duration of their night rest in the dairy 
as soon as they woke up. From this point on they received a questionnaire measuring subjective state 
vitality, subjective state self-control, subjective state tension, subjective positive and negative affect 
and objective performance on a self-control task, on the mobile phone every hour for 12 hours. After 
these 12 hours, participants could take off their glasses and describe in their diary what their day had 
been like, and if, why and for how long they took off their glasses at any time during the day, and if 
there were any events during the day that would have influenced their wellbeing. The morning 
following the first day of the experiment participants were asked to rate the quality and amount of 
sleep that night. The first and second experiment day were intervened by a follow-up day. The second 
experiment day was similar to the first experiment day, except for the colour of the glasses, as 
participants were asked to wear the other pair of glasses on the second experiment day. The day after 
the second experiment day, participants were asked to indicate for the last time in their diary the 
quality and amount their sleep the night before. Participants were asked to return the research 
equipment after finalizing the experiment. When returning the equipment participants were debriefed 
and asked if they had worn the glasses all the time and if not they were asked whether they had 
correctly indicated this in the diary. Additionally participants were asked to fill out a paper 
questionnaire investigating participants’ trait vitality, trait self-control, age, gender, chronotype, sleep 
quality in general and their beliefs concerning the effect of the orange and green coloured glasses. 
Finally the participant was informed about the actual purpose of the study. If the participants had no 
further questions or comments, they received their monetary reward of 50 euros. For a schematic 
overview of the method used in the field study we refer to Figure 8. 

 
Figure 8 Procedure of the field study 

4.1.4 Settings 
The experiment was conducted in the real life environment of participants. As participants were asked 
to participate during work or school days experiment environments mostly consisted of participants’ 
workplaces. The mobile PDA devices that were used to generate hourly questionnaires consisted of 
HTC (Touch cruse) devices on which questionnaires and a self-control task were programmed using 
Visual Studios software.  
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 Figure 9 Spectral properties of the Filters 

4.1.5 Manipulations power in the blue spectrum 
The relative amount of blue spectrum light was manipulated by means of coloured glasses (PRISMA). 
The difference in light transducing qualities between two glasses in different lighting conditions was 
measured with a spectrodiometer (JETI). Light conditions were simulated in a laboratory setting by 
means of four fluorescent ceiling and two wall armatures. Daylight measures were done on daylight 
entrance through a window. The wall armatures consisted of diffuse luminaires (Philips Savio 
TBS770 6x14W/827/865 HFD AC-MLO) and each luminaire contained six lamps: four lamps with a 
high CCT (Philips Master TL5 HE 14W/865 SLV) and two lamps with a low CCT (Philips Master 
TL5 HE 14W/827 SLV). The ceiling armatures too consisted of diffuse luminaires (Philips Savio 
TBS770354 MLO) and each luminaire contained three lamps: two with a high CCT (Philips Master 
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TL5 HE 14W/865 SLV) and one lamp with a low CCT (Philips Master TL5 HE 14W/827 SLV). 
Vertical illuminance levels were measured for four different light settings: Daylight (5500K; 1250lx), 
low CCT lighting (2700K; 375lx), average CCT lighting (4000K; 360lx) and high CCT lighting 
(6500K;310lx). For every setting illuminance levels without filter, with a green filter and with an 
orange filter were measured (see Figure 9).  
 shows that a green filter resulted in a relatively higher power in the blue spectrum as it filters 
wavelengths between 600nm and 700nm. By the same principle the orange filter resulted in a lower 
power in the blue spectrum and therefore higher power in the orange spectrum as it filters 
wavelengths of 520nm and below.  
 also shows that both filters reduce the same amount of light intensity when being exposed to full 
spectrum daylight. CCT will influences the light intensity transduction, therefore being exposed to 
low CCT lighting will result in higher lux levels in the orange filter condition and being exposed to 
high CCT lighting will result in higher lux levels in the green filter condition. These two specific 
coloured filters were selected because they transduced, under daylight conditions, equal lux levels and 
the light transmittance was also reasonably similar to the most commonly applied office lighting 
conditions (4000K). 
4.1.6 Measurements 
4.1.6.1 Dependent variables 
The dependent variables measuring self-regulatory capacity consisted of subjective state vitality, 
subjective state self-control, and objective performance on a self-control task. In addition, mood and 
tension were measured. These dependent variables were measured every hour by means of a 
questionnaire and self-control task. Participants’ evaluation of the productivity of their day and sleep 
quality was measured only once at the end of each experiment day or morning after. Participants’ 
attitude towards the coloured glasses was measured with a questionnaire the day after the last 
experiment day.  

Hourly repeated measured variables 
Subjective measures of self-regulatory capacity  
State Vitality. Consistent with the laboratory study, four items (energetic, lacking energy (reversed), 
alert, sleepy (reversed)) from the activation-deactivation adjective checklist (Thayer 1989) and the 
items motivated and vitality were translated to Dutch and used to measure the amount of subjective 
vitality. Participants were asked to indicate on 5-point scales, ranging from ‘Not at all’(1) to 
‘Extremely’(5), how they felt at that moment. The subjective State Vitality was internally consistent 
(Cronbach’s α of.89) and the average score of these six items was used for further analysis. 

State loss of self-control. As in the laboratory study, subjective state self–control was assessed by 
means of three statements selected from the State Self-Control Capacity Scale (SCCSS; Ciarocco, et 
al., under review) and translated to Dutch (see Appendix B).  Participants were asked to indicate on 7-
point Likert scales, ranging from ‘not at all’(1) to ‘very much’(5), to what extent they felt like the 
statements. The subjective state loss of self-control was internally consistent (Cronbach’s α of .77) 
and the average score of these three statements was used. 

Subjective Mood 
Tension: Following the same approach as in the laboratory study, two items (tense and calm 
(reversed)) from the activation-deactivation adjective checklist were used to measure the amount of 
subjective state tension. Participants were asked to indicate on 5-point Likert scales, ranging from 
‘Not at all’(1) to ‘Extremely’(5), how they felt at that moment.   
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Positive and negative affect: Following the same approach as in the laboratory study, the items happy 
and sad were used in this study to measure positive and negative affect, respectively, on a response 
scale ranging from ‘Not at all’(1) to ‘Extremely’(5). 
 
Objective measures of self-regulatory capacity  
Performance on a self-control task: Self-control performance was measured by means of a Go-no-Go 
task, similar to the laboratory study. However, an auditory task would not have been convenient for 
this study as participants had to perform the task on an hourly basis while continuing with their 
everyday life. Therefore participants were asked to perform a visual Go-no-Go task. The task was to 
make an overt response, by pressing the button on the PDA device as quickly and accurate as 
possible, when being presented with a frequent target, i.e., asterisk, but inhibit this response when 
being presented with a more rare presented plus sign. The stimuli presented consisted of 80 percent 
frequent (asterisk) visual stimuli distributed randomly amongst 20 percent infrequent visual stimuli 
(plus). Both stimuli had an equal duration of 200ms and were presented with a random interval of 1 to 
5 seconds during one minute. From this task the number of correct- and incorrect responses as well as 
the response time of the correct responses was recorded. 

Daily measured dependent variables   
Evaluation of the day: At the end of each experiment day participants were asked to indicate on 
semantic differential scales to what extent they experienced their day as pleasant, productive, busy, or 
tough. A principal components factor analysis with Varimax rotation was conducted on these four 
items. This factor analysis showed that two factors could be extracted. The factor productive 
(Cronbach’s α of .59) was constructed by averaging the scores of the items ‘busy’ and ‘productive’ 
and the factor tough (Cronbach’s α of .65) was constructed by averaging the scores of the items 
‘tough’ and ‘pleasant (reversed)’.  
Subjective sleep quality: The morning after the experiment days participants rated the quality of their 
night’s rest on a semantic differential scale including the items: quality of sleep, ease of falling asleep, 
calmness of sleep, how well rested they felt in the morning, easiness of waking up, and the amount of 
sleep. These questions were adopted from the Karolinska sleep diary (KSD; Akerstedt, Hume, Minors 
& Waterhouse, 1994) and the Pittsburg sleep diary (PghSD; Monk et al., 1994). Averaging the scores 
on these items resulted in a measurement of sleep quality of the night’s rest after the experiment day 
(Cronbach’s α of .52) . 
Hours of sleep: In addition participants indicated the morning after each experiment day, the time of 
going to sleep, time of awakening and the number of hours they had slept that night. 

Measures at the end of the experiment 
Appraisals of the lighting condition: Participants were asked to elaborate their appraisal of the green 
and orange glasses by indicating to what extent they thought that they had improved their well-being 
and performance. Participants were asked to indicate on 5-point Likert scales, ranging from ‘Not at 
all’(1) to ‘Extremely’(5), to what extent they believed the two different coloured glasses conditions:  
had a relaxing effect, resulted in increased focus, resulted in increased performance, improved mood, 
improved focus, restored energy, improved vitality, improved attention, helped relaxing, and 
improved performing. Consistent with the laboratory study, two factors Mood enhancing and 
Energizing were constructed. The appraisal Mood Enhancing was constructed by averaging the scores 
of the items ‘result in improve mood’ and ‘help relaxing’ (Cronbach’s α of .59). The appraisal 
Energizing was constructed by averaging the scores of the items ‘results in increased focus’, ‘results 
in increased performance’, ‘improve focus’, ‘restore energy’, ‘improve vitality’, ‘improve attention’, 
and ‘improve performing’ (Cronbach’s α .88). 
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4.1.6.2 Control variables 
Control variables, consisting of subjective trait vitality, subjective trait self-control, chronotype and 
sleep quality in general, were measured by means of a questionnaire the day after the last experiment 
day. The control variables were measured in the same way as in Experiment 1. 
Trait vitality: The subjective vitality scale of Ryan and Frederick (1997) was translated to Dutch to 
measure the general vitality of participants (see Appendix C). This scale consisted of seven items, like 
“I feel alive and vital”, on which participants indicated to what extent they felt to possess this trait on 
a 5-point Likert scale, ranging from ‘Not at all’(1) to ‘Extremely’(5). The scale was internally 
consistent with a Cronbach’s α of .90. 
Trait self-control:  The subjective trait self-control scale of was translated to Dutch to measure the 
amount of self-control normally experienced by participants (see Appendix D).  This scale consisted 
of 13 items, like “I find it difficult to concentrate”, on which participants indicated to what extent they 
felt to possess this trait on a 5-point Likert scale, ranging from ‘Not at all’(1) to ‘Extremely’(5). This 
scale was internally consistent with a Cronbach’s α of .76. 
Sleep Quality General Participants were asked to indicate the quality of their sleep over the last month 
on a scale ranging from very bad (1) to very good(4).  
Chronotype: Chronotype, based on mid-sleep of work-days and off-days, was measured using 
selected items from the Dutch translation of the Munich Chronotype questionnaire (MCTQ; 
Roenneberg et al., 2003). Participants were asked to indicate at what time, in general, they wake up 
and go to bed during work-days and days off. 
 
4.1.6.3 Confounding variables  
Daily measured confounding variables were measured by means of a questionnaire at the beginning of 
each experiment day.  
Hours of Sleep and Sleep Quality Prior: This questionnaire asked participant to indicate at what time 
they went to bed the night before, what time they woke up in the morning, and they were asked to rate 
on 5-point Likert scales, ranging from ‘Not at all’(1) to ‘Extremely’(5), their sleep quality on the 
items: quality of sleep, ease of falling asleep, calmness of sleep, how well rested they felt in the 
morning, easiness of waking up, and the amount of sleep. Averaging the scores on these items 
resulted in a measurement of Sleep Quality Prior (Cronbach’s α of .65).  
Temperature, Rainfall, Sunshine: In addition the average temperature outside, rainfall in mm, and 
percentage of sunshine during the experiment days were retrieved from an online database of the 
KNMI (http://www.knmi.nl/klimatologie/daggegevens/).  
Social Interaction, Mental Activity and Physical Activity: Hourly measured confounding variables 
were included in the experience sampling questionnaire which participants were asked to fill out 
every hour on the PDA. Participants were asked to rate the extent to which they engaged in social 
interaction, mental activity and physical activity on 5-point Likert scales ranging from (1)‘none’ to 
(5)‘very much’.  
Outside: In addition, participants were asked how much time in minutes (0, 1-20min, 21-40min, or 
41-60min) they had spent outside over the last hour.10 In case they had spent time outside participants 
were asked to indicate whether this was in company of other people and whether this was in a natural 
or urban environment.11  
Time of Day: Finally the PDA device registered the exact time of day participants filled out each 
questionnaire.  

                                                        
10 Because participants only indicated to have spent either zero or 0-20 minutes outside this variable was recoded to a dichotomous 
variable.  
11

 Because data showed that participants had spent little time outside these measures were not included in the analysis.  
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4.1.7 Statistical analysis 
With regard to the hourly measures seven cases, belonging to five participants, were deleted from the 
dataset. These cases were deleted because participants indicated to have failed to wear the coloured 
glasses the full hour previous to the measurement. In addition, three cases were deleted because 
insufficient numbers of data points at times early in the morning or late evening were available in the 
dataset. After these deletions, a total of 645 hourly measurements remained. Z-scores were calculated 
based on the level (hourly, daily one time) of measurement. Variable scores with an absolute Z-score 
greater than two were recoded as outliers and removed from the data set. All continuous confounding 
and control variables were centered. The normality of the distribution of the dependent, confounding, 
and control variables was investigated. Control and potential confounding variables were not taken 
into account if not distributed normally. For the daily and one-time measured variables Z-scores were 
constructed separately for each condition. Hereafter, the distribution of all control and confounding 
variables over the two filter conditions was investigated. Pearson chi-square tests, for the dichotomous 
confounding variables, and independent t-tests, for the continuous confounding and control variables, 
were employed to investigate whether these variables significantly differed between conditions.  

The hourly measured dependent variables in this study consisted of: subjective state vitality, 
subjective state loss of self-control, subjective state tension, positive and negative affect, and 
objective performance on a task requiring self-control. 
To investigate the effect of light spectrum on the hourly measured dependent variables Linear Mixed 
Model (LMM) analyses were performed with participant number as random factor and spectral power 
manipulation as fixed factor. Confounding variables that showed an unequal distribution amongst 
filter conditions (green vs. orange glasses) were included in the model either as a fixed factor or 
covariate. Control variables that showed an unequal distribution amongst the two spectral power 
conditions and/or a significant absolute correlation value higher than .30 with the dependent variable, 
and showed no significant correlation with other independent variables were also added to the model. 
Hourly measurements were repeated because participants filled out multiple hourly questionnaires per 
condition. A null model, a LMM analysis with the dependent variable and participant as random 
intercept but no predictors, was performed to investigate what percentage of the variance in the 
dependent variable could be explained at the participant  level. 
 
The daily measured dependent variables Productive, Tough, Sleep Quality After, and Hours of Sleep 
were subjected to a repeated measures ANOVA with the Filter manipulation as within subject 
variable. Similar to the LMM analyses, potential confounding variables that were unequally divided 
amongst the Filter conditions were included as covariate or between-subject factor. Control variables 
that showed an absolute correlation value higher than .30 with the dependent variable, and showed no 
significantly correlation with other independent variables or the spectral power manipulation that 
were included in the repeated measures ANOVA. 
 
4.2 Results 
4.2.1 Potential confounding variables 
Because participants were randomly assigned to the order in which they wore the coloured glasses, it 
was expected that the number of participants who wore green glasses on the first experiment day was 
similar to the number of participants who wore orange glasses on the first experiment day. Pearson 
chi-square tests confirmed that the order in which participants wore the coloured glasses did not differ 
significantly between the two manipulation conditions of spectral power (45% started with the Green 
Filter). However the number of questionnaires completed while wearing the orange filter vs. green 
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filter differed between the two experiment days, as relatively more measures on the first experiment 
day belonged to the orange filter condition compared to the green filter condition, while the opposite 
pattern occured on the second experiment day (see Table 8). A Pearson chi-square test showed that 
this difference was significant (χ2(1) =4.03 , p = .05). The other confounding variables (percentage of 
sunshine, average temperature outdoors, amount of rainfall, and the quality and hours of night’s rest 
prior to experiment day) did not differ significantly over the two spectral power conditions.  
 

Table 8 Distribution of cases over Filter manipulations and experiment day 
 
 
 
 

The distribution of the hourly measured continuous confounding variables (amount of social 
interaction, physical activity and mental activity) was investigated using independent t-test analyses. 
Results of these analyses showed that these potential confounding variables were equally distributed 
among the spectral power conditions (all p > .10). Whether or not participants had spent time outside, 
however, differed significantly between the spectral power conditions (χ2(1) =1.53 , p = .23) showing 
that participants had spent more time outside when wearing the orange vs. green glasses.  
Thus, the variables Day and Outside were included in the LMM analyses as fixed factors as they were 
unequally distributed over the conditions of Filter. No confounding variables were included in the 
repeated ANCOVA’s.  
Tables describing the estimated marginal mean values and standard errors of the confounding 
variables can be found in Appendix H.  

4.2.2 Hourly repeated measured variables 
Correlation analysis of all hourly dependent, control and confounding variables showed a significant 
correlation between State Vitality and Sleep Quality Prior (r=.30 p<.01) and between State Tension 
and Temperature during the experiment day (r=-.33, p<.01). No significant correlations of these 
confounding variables with the Filter manipulation were found. Therefore, these variables were 
included as covariates in the relevant LMM analyses investigating the effects of spectral power 
manipulation.  

Subjective measures of self-regulatory capacity  
In line with the hypothesis it was expected that wearing the orange glasses would lead to lower rates 
of subjective state vitality and higher rates of loss of self-control, compared to wearing the green ones. 
Table 9 reports the estimated marginal means and standard errors of the measures of subjective state 
self-regulatory capacity. 

Table 9 Estimated marginal mean values and standard errors of Subjective state Self-regulatory capacity. 

	  
State	  Vitality	   State	  Loss	  of	  Self-‐control	  	  

	   Mean	   Std.	  Error	   Mean	   Std.	  Error	  

Spectral	  Filter	   Green	   3.40	   0.07	   3.89	   0.10	  

	  	   Orange	   3.56	   0.07	   3.89	   0.10	  

Outside	   No	   3.43	   0.07	   3.86	   0.10	  

	  	   Yes	   3.53	   0.07	   3.92	   0.11	  

Day	   One	  	   3.52	   0.07	   3.93	   0.10	  

	  
Two	   3.45	   0.07	   3.85	   0.10	  

	  
Green	  Filter	   Orange	  Filter	  

First	  day	   148	   174	  

Second	  day	   174	   149	  
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State vitality. The intercept varied significantly over participants (Wald Z=3.48, p<.01). Intraclass 
correlation (ICC) suggests that 42.57% of the variance in State Vitality lies between participants. In 
contrast to what was expected Table 9 shows that participants rated to feel more State Vitality in the 
orange filter condition compared to the green filter condition. A LMM analysis showed that the 
difference in State Vitality between Filter conditions was significant (F(1,470.32)=14.44,p<.01). In 
addition, Sleep Quality Prior showed to have a significant influence on State Vitality (F(1, 366.20) = 
14.73; p < .01). Participants indicated to feel more vital if they experienced a higher quality of night’s 
rest prior to the experiment day (β =.18). Furthermore, the State Vitality significantly differed 
between Outside conditions (F(1, 472.64)=4.69, p=.03). Table 9 shows that participants indicated to 
feel more vital when they had spent time outside. No significant difference was found between the 
Day conditions (F(1, 479.19)=2.53, p=.11).  
State loss of self-control. The intercept varied significantly over participants (Wald Z=3.49, p<.01). 
ICC suggest that 39.51% of the variance in State loss of self-control lies between participants. 
Participants indicated to feel the same amount of loss of self-control in the Orange Filter condition 
compared to the Green Filter condition. Correspondingly, no significant difference between spectral 
power conditions was indicated in a LMM analysis (F<1, p=ns). The LMM analysis showed no 
significant differences in Sate loss of self-control between conditions of Outside (F<1, p=ns), or Day 
(F(1, 191.81)=2.28, p=.13).  

Subjective Mood 
It was expected that the effect of the Filter manipulation was due to the influence on replenishment of 
the Self, therefore no effects of the Filter manipulation on subjective mood measures were expected. 
Table 10 reports the estimated marginal means and standard errors of the measures of subjective 
mood. 
 
Table 10 Estimated marginal mean values and standard errors of Subjective state Self-regulatory capacity 

	  
Tense	   Calm	   Positive	  affect	   Negative	  affect	  

	   Mean	   Std.	  Error	   Mean	   Std.	  Error	   Mean	   Std.	  Error	   	  	   	  	  

Spectral	  Filter	   Green	   1.68	   0.09	   3.27	   0.08	   3.06	   0.08	   1.25	   0.06	  

	  
Orange	   1.67	   0.09	   3.06	   0.08	   3.13	   0.08	   1.31	   0.06	  

Outside	   No	   1.70	   0.09	   3.18	   0.08	   3.07	   0.08	   1.30	   0.06	  

	  	   Yes	   1.65	   0.09	   3.15	   0.09	   3.12	   0.08	   1.27	   0.06	  

Day	   One	  	   1.58	   0.09	   3.22	   0.08	   3.11	   0.08	   1.29	   0.06	  

	  
Two	   1.76	   0.09	   3.11	   0.08	   3.08	   0.08	   1.27	   0.06	  

 
Subjective state tension. The null model showed that the intercept of the item tense varied 
significantly over participants (Wald Z=3.41, p<.01). ICC suggested that 33.35% of the variance in 
subjective tension lies between participants. Table 10 shows that participants indicated to feel more 
tensed when being subjected to the Green Filter condition compared to the Orange Filter condition. 
However the LMM analysis showed that this difference in feelings of tension between Filter 
conditions was not significant (F<1, ns). The correlating confounding variable Temperature showed a 
significant effect on tension (F(1, 229.18)=14.69, p<.01). Participants indicated to feel less tense as 
the average temperature outdoors during the experimental day increased (β =-.07). In addition, the 
difference between experiment day was significant. Participants indicated to feel less tensed during 
the first experiment day compared to the second experiment day (F(1, 470.96)=9.40, p<.01). No 
significant effect of Outside were found (F<1, p=ns) 
 
The null-model showed that the intercept of the item Calm varied significantly between participants 
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(Wald Z=3.39, p<.01). ICC suggests that 32.91% of the variance in Calm lies between participants. 
Participants reported to feel more Calm when being subjected to the Green Filter condition compared 
to the Orange Filter condition (see Table 10). The LMM analysis, showed that this difference in 
Tranquility between Filter conditions was significant (F(1, 474.63)=16.46, p<.01). In addition a 
significant difference between conditions of Day was found as participants indicated to feel relatively 
more Calm during the first experiment day than during the second experiment day (F(1, 474.59)=5.38, 
p=.02). No significant differences between conditions of Outside was found (F<1, ns). 
 
Positive and negative affect.  
A null model showed that the intercept of Positive Affect varied significant over participants (Wald 
Z=3.39, p<.01). ICC suggests that 66.57% of the variance in Positive Affect lies between participants. 
The LMM analysis showed that the difference in Positive Affect between Filter Conditions was not 
significant (F(1, 480.50)=2.24, p=.14). In addition, the LMM analysis also showed no significant 
differences in Positive Affect between Outside conditions and Day conditions (F<1, ns). 
 
A null-model showed that the intercept of Negative Affect varied significantly over participants 
(Wald Z=3.28, p<.01). ICC suggests that 31.21% of the variance in Negative Affect lies between 
participants. Table 10 shows that participants indicated to feel less sad in the Green Filter condition 
compared to the Orange Filter condition. A LMM analysis showed a non-significant trend in the 
difference in Negative Affect between spectral power conditions (F(1, 435.83)=3.25, p=.01). No 
significant difference between the conditions of Outside and Day were found (F<1, ns).  

Objective measures of self-regulatory capacity 
This section investigates whether the Orange Filter led to a decreased performance (i.e. more incorrect 
responses) on a task requiring self-control in comparison to the Green Filter. Table 11 reports the 
estimated marginal means and standard errors of the measures of objective state self-regulatory 
capacity. 
 
Table 11 Estimated marginal mean values and standard errors of Objective measures of self-regulatory capacity 

	  
Number	  of	  Incorrect	  

Relative	  Number	  of	  
	  Incorrect	   Number	  of	  Correct	  	   Response	  Time	  

	   Mean	   Std.	  Error	   Mean	   Std.	  Error	   Mean	   Std.	  Error	   Mean	   Std.	  Error	  

Spectral	  Filter	   Green	   1.26	   0.09	   0.06	   0.01	   18.37	   0.13	   561.35	   6.92	  

	  	   Orange	   1.29	   0.09	   0.07	   0.01	   18.19	   0.13	   557.18	   6.90	  

Outside	   No	   1.30	   0.09	   0.07	   0.01	   18.30	   0.12	   559.85	   6.81	  

	  	   Yes	   1.25	   0.10	   0.06	   0.01	   18.26	   0.16	   558.68	   7.10	  

Day	   One	  	   1.15	   0.09	   0.06	   0.01	   18.26	   0.13	   561.83	   6.91	  

	  
Two	   1.40	   0.09	   0.07	   0.01	   18.30	   0.13	   556.70	   6.91	  

 
Number of Correct- and Incorrect responses. The null model showed that the intercept of Number of 
Incorrect responses varied significant over participants (Wald Z=3.30, p<.01). ICC suggests that 
18.93% of the variance in Number Incorrect lies between participants. Results showed that the 
number of incorrect responses was higher in Orange Filter condition compared to the Green Filter 
condition (see Table 11). However, the LMM analysis showed this difference to be non-significant 
(F<1, ns). In addition, the effect of Outside was not significant (F<1, ns). The difference in Number 
Incorrect between conditions of Day was significant as participants showed more incorrect responses 
on the second day compared to the first experiment day (F(1, 492.23)=9.44, p<.01).  
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The null model showed that the intercept of Number of Correct did not vary significantly over 
participants (Wald Z=1.15, p=.25). ICC suggest that only 2.2% of the variance in number of correct 
responses lies between participants. Results showed that the number of correct responses was higher 
in the Green Filter condition compared to the Orange Filter condition (see Table 11).  However, a 
LMM analysis showed this difference to be non-significant. The effects of Outside and Day were 
found to be non-significant as well (F<1, ns).  
 
With regard to the relative number of errors, the intercept did vary significantly between participants 
(Wald Z=3.16, p<.01). ICC suggests that 21.70% of the variance in the Relative Number of Incorrect 
lies between participants. Table 11 shows that the relative number of incorrect responses in the 
Orange Filter condition was relatively higher than the Green Filter condition. However, the LMM 
analysis showed no significant difference between the Filter manipulations (F<1, ns). In addition the 
difference in Number of Relatively Incorrect responses between conditions of Outside was not 
significant (F<1, ns). The difference in relative number of incorrect responses between conditions of 
Day was significant as participants showed relatively more incorrect responses on the second day than 
one the first experiment day(F(1, 499.67)=8.87, p<.01). 
 
Response time. A null model showed that the intercept varied significantly over participants (Wald 
Z=3.30, p<.01). ICC suggests that 48.30% of the variance in number of incorrect responses lies 
between participants. Response time was relatively higher in the Green Filter condition compared to 
the Orange Filter condition. Yet, the LMM showed that this difference was not significant (F(1 
492.06)=1.72, p=.19). Also no significant effects of Outside and Day were found (F<1, ns and F(1, 
492.02)=2.60, p=.11, respectively). 
 
4.2.3 Daily measured variables 
Correlation analysis of all daily and one-time measured dependent and confounding variables showed 
a significant correlation between Energizing and Sleep Quality General (r=.41; p=.04), and between 
Sleep Quality After and Trait Self-control (r=.41; p=.03),  Sleep Quality General (r=.44, p=.02) and 
Trait Vitality (r=.39; p=.05). No significant correlations between these confounding variables or with 
the Filter manipulation were found, and therefore these confounding variables were included as 
covariates in the relevant ANCOVA investigating the effects of the Filter manipulation. 

Evaluation of the day  
To investigate whether experienced productivity and toughness of the day differed between the Filter 
manipulation, repeated measures ANCOVA’s were performed. As relative high power in the blue 
spectrum was hypothesized to enhance vitality and self-control we expected participants to rate their 
day to be more productive and less tough in the Green Filter condition compared to the Orange Filter 
condition. Table12 reports the estimated marginal means and standard errors of the measures of the 
evaluation of the day. 

Table 12 Estimated marginal mean values and standard errors of evaluation of the day 

	  
Productive	   Tough	  

	   Mean	   Std.	  Error	   Mean	   Std.	  Error	  

Spectral	  Filter	   Green	   2.69	   0.17	   2.93	   0.17	  

	  	   Orange	   2.41	   0.16	   3.17	   0.17	  

 
Productivity. Congruent with what was expected results revealed that the mean productivity of the 
experiment day was higher in the Green Filter condition compared to the Orange Filter condition (See 
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Table 12). A repeated measures ANCOVA showed that the difference of Productivity between the 
Filter conditions approached significance (F(1,26)=4.0; p=.06).12  
Tough: Results indicated that participants rated the toughness of their day higher after a Orange Filter 
manipulation in comparison to the rated toughness after a Green Filter manipulation (See Table 12). 
However, a repeated measures ANCOVA, showed that the mean value of Tough did not differ 
significantly between the Filter manipulations (F<1, ns). 

Night’s rest After  
To investigate if the amount of blue spectrum light entering the eye during the day influenced 
subjective quality and amount of night’s rest afterwards repeated measures ANCOVA’s were 
performed. It was expected that the amount of blue spectrum light would positively influence the 
quality and amount of night’s rest after. Therefore, it was expected that the Green Filter manipulation 
would lead to relatively higher ratings of quality of night’s rest compared to the Orange Filter 
manipulation. Table 13 reports the estimated marginal means and standard errors of the measures of 
night’s rest after. 

Table 13 Estimated marginal mean values and standard errors of Night’s rest After. 

	  
Sleep	  Quality	  After	   Hours	  of	  Sleep	  After	  

	   Mean	   Std.	  Error	   Mean	   Std.	  Error	  

Spectral	  Filter	   Green	   3.81	   0.11	   7.53	   0.22	  

	  	   Orange	   3.92	   0.11	   7.36	   0.24	  

  

Sleep Quality After: An ANCOVA revealed that Sleep Quality After did not differed significantly 
between the Filter conditions (F<1, ns). In addition no significant effect of Trait Vitality was found 
(F<1, ns). Results, however, did show a significant between-subjects effect of Trait Self-control 
(F(1,22)=8.2, p<0.01) and Sleep Quality General (F(1,22)=6.2, p=.02), indicating that both Trait Self-
control (Green Filter condition β =.42, p=.07 and Orange Filter condition β = .56, p=.02) and Sleep 
Quality General (Green Filter condition β =.15, p=.34 and Orange Filter condition β =.45, p=.01) 
positively influenced Sleep Quality After13.  As can been seen in the significance of the regression 
coefficients the influence of the control variables was more pronounced in the Green Filter condition. 

 Hours of Sleep After: A repeated measures ANCOVA showed that Hours of Sleep After did not 
differ significantly between spectral power conditions (F<1, ns). 

4.2.4 One-time measured variables 

Appraisals of the Filter condition 
It was also investigated whether appraisals concerning the Energizing and Mood Enhancing effect of 
the Filters differed between the two conditions. In line with the results found in the laboratory study, it 
was expected that participants would rate the Orange Filter condition to be more Mood Enhancing and 

                                                        
12 Note that applying a recoding strategy, wherein extreme scores are recoded to the highest (or lowest) reasonable score (two standard 
deviations removed from the mean) instead of excluding the outliers, resulted in a significant difference between the mean values of 
‘productivity’ (F(1,28)=4.2, p=.05). As the productivity of the experiment day was rated higher after wearing the green glasses (M= 2.8, 
SD=.17) compared to the orange glasses (M=2.5, SD=.16). 
13 Note that applying a recoding strategy, wherein extreme scores are recoded to the highest (or lowest) reasonable score (two 
standard deviations removed from the mean) instead of excluding the outliers, resulted in a diminishment of the significance of 
the found effects of ‘trait self-control’ (F(1,25)=3.6, p=.07). 
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less Energizing compared to the Green Filter condition. Table 14 reports the estimated marginal 
means and standard errors of the measures of the appraisal of the filter conditions. 

Table 14 Estimated marginal mean values and standard errors of Appraisal of the Filter condition 

	  
Energizing	   Mood	  Enhancing	  

	   Mean	   Std.	  Error	   Mean	   Std.	  Error	  

Spectral	  Filter	   Green	   2.62	   0.12	   2.62	   0.12	  

	  	   Orange	   3.14	   0.12	   3.14	   0.12	  

 

 Energizing. Participants rated, in contrast to our expectations the Green Filter manipulation as less 
energizing compared to the Orange Filter manipulation (See Table 14). A repeated measures 
ANCOVA revealed that the mean value of ‘Energizing’ differed significantly between the Filter 
conditions (F(1, 23) = 9.35 , p < 0.01). The effect of Sleep Quality was not significant (F(1,23)=1.13, 
p=.30.  
Mood enhancing: Participants indicated to belief that the Orange Filter manipulation was more mood 
enhancing compared with Green Filter manipulation (See Table 14). A repeated measures ANCOVA, 
showed that the difference between the mean value of Mood Enhancing between the Filter conditions 
approached significance (F(1, 23) = 2.84 , p = .10). 

4.3 Discussion 
The aim of this field study was to investigate whether manipulating power in the blue spectrum during 
daytime under normal circumstances showed similar effect on vitality and self-control as the effects 
found in the laboratory study. An hourly questionnaire measured subjective state vitality and self-
control and a visual Go-no-Go task measured objective self-control; spectral power was manipulated 
by means of two types of coloured glasses. Green glasses manipulated the reduced spectral power in 
the short wavelengths condition and orange glasses manipulated reduced spectral power in the long 
wavelengths condition. Blue spectrum light consists of short wavelengths to which the ipRGCs are 
most sensitive. It was hypothesized that depriving participants of short wavelengths (i.e. orange filter) 
light would show stronger decreasing capacity to control oneself compared to depriving long 
wavelengths light (i.e. green filter). Besides this it was expected that this effect was due to 
replenishment of the Self and therefore mainly effects on vitality and self-control and not on mood 
were expected.  
Results showed that, in contrast to what was expected and what was found in the lab experiment, the 
amount of subjective state vitality reported by participants was higher in orange filter condition 
compared to the green filter condition. In addition no statistical significant differences in subjective 
state self-control and performance on a task requiring self-control between spectral power conditions 
were found. Participants also indicated to feel calmer when being exposed the green filter condition 
compared to the orange filter condition. However results showed no correlation between how calm 
participants felt and subjective state vitality. No effects of the Filter manipulation on other measures 
of mood were found. In addition in the present study, participants did not significantly rate the 
productivity and toughness different for the two filter conditions. The effects of the filter manipulation 
on subjective state vitality are in contrast with the effects that were found in the laboratory study 
investigating the effect of CCT. It is also in contrast with results found in research of Lockley et al. 
(2006) and vandeWalle et al. (2007b) that showed that short wavelengths have a more pronounced 
psychological alerting and activating effect on humans and the research of Meesters et al. (2011), 
Mills, Tomkins & Schlangen (2007), and Viola et al. (2008) that indicating that blue-enriched white 
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light, i.e. light with a high portion in the blue spectrum, has a more powerful effect on alertness, work 
performance, and the decrease of SAD-symptoms.  
Based on the findings from our laboratory study it was expected that participants would rate the green 
filter condition to be more energizing and less mood enhancing compared to the orange filter 
condition. In contrast to what was expected, but in line with the effects found on subjective state 
vitality, participants indicated to believe orange filter condition was more energizing. However, they 
also believed that the orange filter condition was more mood enhancing.  
 
To investigate if the amount of blue spectrum light entering the eye during the day influenced 
subjective quality and amount of night’s rest afterwards, hours of sleep and subjective quality of 
night’s rest after the experiment day were examined. However, in the current research no positive 
effect of blue spectrum light was found as no significant difference in subjective quality and hours of 
night’s rest between spectral power manipulations was found.  
 
Based on these results, the hypothesis: “Throughout the day light with a relative high power in the 
blue spectrum will lead to higher subjective state vitality compared to light with less power in the blue 
spectrum” and “Throughout the day light with a relative high power in the blue spectrum will lead to 
better performance on tasks requiring self-regulation, compared to light with less power in the blue 
spectrum” could not be confirmed as inconsistent effects of the filter conditions on subjective and 
objective measures of self-regulatory capacity (subjective state vitality and self-control and 
performance on a task requiring self-control) were found.  
A potential explanation for the inconsistency of the found effects could be the possible bias in light 
exposure. The glasses that were employed to manipulate spectral power also showed differences in 
the amount of light (intensity) that was transmitted for lighting conditions with a CCT different from 
daylight (5500K), i.e. an orange filter would transmit relatively more light in case of a lighting 
environment with a CCT lower than 5500K while a green filter would transmit relatively more light in 
a lighting environment with a CCT higher than 5500K. Participants spent most of the time indoors: 
67% of the cases participants indicated to have spent all time inside and in the remaining 33% of the 
cases participants had spent a maximum of 20 minutes outside. CCT of most commonly applied 
indoor office environments lighting (3000K-4000K) is lower than that of daylight. For that reason it 
can be assumed that participants had spent most of the experiment time in relatively low CCT lighting 
condition, leading to a difference in illuminance confounded with spectral power conditions. This 
because in low CCT lighting conditions orange glasses will lead to a higher light transmittance in 
comparison with green glasses. In addition participants indicated to have spent more time outside 
while wearing the orange glasses compared to the green glasses. Because illuminance levels of 
daylight are significantly higher compared to indoor lighting it can be assumed participants received 
higher light intensities while wearing the orange glasses. Literature shows that higher illuminance 
light has a more alerting effect (Cajochen,  2007). In line with this it would be expected that orange 
glasses would result in more energy available for the Self. A similar effect was found in research of 
Smolders and de Kort (2012), which showed that during daytime and under normal conditions 
feelings of vitality and the performance of participants on a vigilance task improved while being 
exposed to bright light for one hour. Additionally Smolders and de Kort (2011) showed in a field 
study, employing experience sampling combined with continuous measurements of light exposure, a 
positive relationship between light exposure throughout the day and feelings of vitality. In line with 
this explanation the results indicated that participants felt more vital when they had spent time 
outside.  
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Another explanation for the absence of effects on subjective state self-control and performance on a 
task requiring self-control and a reversed effect on subjective state vitality could be the low naturally 
occurring depletion. It was found in the laboratory study, investigating the effect of CCT, that the 
difference between the replenishing effect of blue enriched white light with a relative high proportion 
of short wavelengths lighting was more pronounced when people’s ego was depleted. Therefore it 
could be the case that no effects of the spectral power manipulations were found, because there was 
no need for replenishment of the Ego. As depletion of the Self was not manipulated, it cannot be 
assured that participant’s ego was depleted by everyday life circumstances. This assumption is 
supported by the fact that the average feeling of vitality reported by participant was relatively high 
(M=3.48, SE=.07), which is higher than the reported state vitality in the ego-depleted although lower 
than the non ego-depletion condition in the pre-test (respectively M=3.12, SE= .13 and  M=3.76, SE= 
.14 
 
Different than the laboratory study, in which the CCT of the lighting was manipulated, in the field 
study filters to manipulate the amount of short wavelengths lighting received by the participants were 
employed. Thus in the field study, participants were exposed to light with only a certain frequency 
band in the visual spectrum. Whereas in the laboratory study participants receive blue or orange 
enriched white light. Prior research indicated that the colour of light can influence affect (Wan, 2011). 
In the study of Wan (2011), investigating the calming effect of pulsating and static light, it was 
concluded that orange pulsating light was able to elicit more positive affect compared to blue 
pulsating light. Therefore the inconsistency of the results found in the laboratory and field study might 
have been caused by the different types of light treatments, as the coloured glasses manipulated not 
only the relative amount of short wavelengths but also the perceived colour of the light treatment. 

In addition the filters employed in the field study reduced the overall illuminance levels because they 
removed parts of the light spectrum. In the laboratory study the light treatments that manipulated CCT 
had a relatively high illuminance level. It could be possible that in order for blue light to induce an 
activating effect a certain amount of photons is needed. In that case it could be reasoned that the light 
intensities in the field study did not reach this threshold and therefore no activating effect was found. 
In the laboratory study these threshold were met and therefore an activating effect of blue spectrum 
light was found.  

Finally in contrast to what was concluded from the results found on the vitality measures participants 
indicated that they felt some sort of lost self-control when being exposed the orange filter condition ‘I 
felt like I had a temper while wearing the orange glasses and I found it very difficult to restrain 
aggressive reactions when being annoyed.(participant 18)”. Other statements of participant indicated 
that they indeed felt more energy when wearing the orange glasses but that this was not a positive 
type of energy ‘I felt like having very chaotic thoughts while wearing the orange glasses 
(participant10)”, “I felt like having more internal energy while wearing the orange glasses, because I 
swore a lot and was very direct (participant 17)”, “Other people indicated to think that the orange 
glasses made me more extrovert, I however felt like being out of control(participant 12)”  The 
discrepancy between these comments and the found effects on vitality suggest that participants might 
have interpret the vitality measures not as measures of how much self-control they experienced but 
how hyperactive they felt.  
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5 General discussion 
In the controlled laboratory experiment, we found support for the two hypotheses: “After a task 
decreasing subjective state vitality, light treatment with a higher CCT will lead to higher subjective 
state vitality compared to lower CCT lighting” and “After a first task drawing on self-regulation a 
higher CCT light treatment will lead to better performance on a subsequent task requiring self-
regulation, compared to lower CCT lighting”. The findings of this study support the theory that blue 
spectrum lighting has an immediate replenishing effect of the Self, even during daytime and under 
normal conditions (i.e. no sleep- or light deprivation). The results of this study also support that blue 
spectrum light will positively influence the capacity of people to control oneself, because executive 
tasks requiring self-control draw on and deplete the Self.  
In the field study no support was found for the theory that higher power in the blue spectrum would 
lead to greater replenishment of the energy available for the self. Therefore the hypotheses 
“Throughout the day light with a relative high power in the blue spectrum will lead to higher 
subjective state vitality compared to light with less power in the blue spectrum” and “Throughout the 
day light with a relative high power in the blue spectrum will lead to better performance on tasks 
requiring self-regulation, compared to light with less power in the blue spectrum” could not be 
confirmed.  
However, the illuminance levels between the light manipulations were probably lower and potentially 
biased, as the spectral properties of the environmental lighting during the field experiment could not 
be controlled. As participants spent most time indoors and therefore in relatively low CCT lighting 
conditions the orange filter (low power in the short wavelengths spectrum manipulation) would 
transduce more light compared to the green filter (low power in the long wavelengths spectrum 
manipulation). Research has shown that that bright lighting has an immediate replenishing effect of 
the Self, even during daytime and under normal conditions (Smolders & de Kort, 2011; Smolders et 
al., 2012), therefore, the amount of light might have been a confounding variable in the field study. In 
addition the overall illuminance levels of the field study were relatively low compared to the 
illuminance levels of the laboratory study. Illiminance levels were decreased in the field study 
because the filters that were employed for the manipulation of the amount blue spectrum light 
removed certain frequency band in the visual spectrum. It could be possible that in order for blue light 
to induce an activating effect a threshold amount of photons is needed. Therefore in follow-up 
research, investigating the effect of short wavelengths lighting on energy available to the Self and 
self-regulation in real life situations, other ways to manipulate the spectral power in the blue spectrum 
without influencing the illuminance levels should be investigated. In addition, since the field study 
indicated that not only spectral power but also the absolute light intensity might have influenced the 
amount of energy available for the Self, follow up research should consider investigating the 
interaction effect of illuminance and spectral properties of light on the replenishment of the Self.  
In addition, the field study at hand did not control or manipulate naturally occurring levels of ego-
depletion. Future research could consider manipulating the depletion of participants’ ego during the 
study or select participants that have a high risk of depletion. Follow-up research investigating the 
relationship between the depleted state of people and the replenishing effect of light can be proposed 
as results of the laboratory study indicated that the amount of ego-depletion prior to the light 
treatment positively influenced the replenishing effect of blue enriched white lighting. In addition, 
future research should be devoted to investigate more non visual effects, besides the replenishing 
effect, of CCT and illuminance levels of the lighting environment, as participants in the laboratory 
study indicated to evaluate the high CCT lighting to be less pleasant and mood enhancing.  
 
Currently, most of the commonly applied office lighting conditions have a relatively low CCT level 
(4000K). Based on the results of this study we strongly recommend designing indoor lighting systems 
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with higher levels of CCT. In addition not only high CCT levels but also high illuminance levels 
should be acquired. Furthermore, indoor lighting conditions should be designed in such a way that 
they provide more intensity and blue spectrum light on the eye, because the mechanism underlying 
the alerting effect requires light the stimulation of the non-visual on the ipRGC in order to evoke a 
response. One could think of for instance applying wall lighting in indoor environment. But also 
office design that includes a sufficient amount of daylight entrance through vertical window will 
enhance the light intensity and amount of blue spectrum light on eye level. Results of this study also 
indicate that lighting is more beneficial when a broader frequency band in the visual spectrum is 
offered. Therefore, we recommend increasing the amount of daylight in indoor environments as it 
consists of a very broad spectrum of lighting. Besides, we encourage the development of artificial 
daylight systems to be employed in situations in which no real daylight can be applied. Finally, we 
strongly recommend to not only take into consideration the alerting effect of light but also other non-
visual effects of environmental lighting, like for instance phase shifting and mood enhancing effects,  
when designing environmental lighting. 
 
  This study went beyond previous studies, because it investigated the immediate alerting effect of 
light and its ability to replenish the Self during daytime under normal conditions (i.e. no sleep or light 
deprivation). In addition both subjective and objective measures were employed. Recalling the main 
research question, promising results were found in this study indicated that blue spectrum light of a 
short light treatment could immediately replenish the Self. However, more research investigating the 
effect of light on self-regulation, but also on a wider range of non-visual effects, is needed. 
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 Ego-depletion manipulation task. Appendix A.
Below the ego-depletion manipulation task as designed for the laboratory study consisted of a typing 
task in which participants were asked to retype a paragraph that appeared on the screen as accurately 
and quickly as possible. Below the ego-depletion condition in which participants were asked to retype 
the text omitting all ‘e’s, ‘p’s and spaces is depicted. In the control condition participants were asked 
to copy the text as they saw it.  
 

Type snelheid en Nauwkeurigheid 
 
De computer neemt een steeds belangrijkere plaats in in het dagelijkse leven. In dit onderzoek 
bekijken we de snelheid en nauwkeurigheid bij het typen. 
 
Er zal zo een stuk tekst op het scherm verschijnen. Het is de bedoeling dat je deze tekst zo snel en 
correct mogelijk overtyped. 
 
LET OP: Je mag hierbij de letters "e", "p" é_ de spatiebalk niet gebruiken, deze moet je in de 
tekst overslaan. 
 
Rechtsboven in het scherm kun je zien hoeveel fouten je gemaakt hebt, met andere woorden: hoe 
vaak je toch de spatiebalk hebt ingedrukt of de letter "e" of "p" gebruikt hebt. 
 

Druk op verder om de taak te starten. Probeer zo snel en accuraat mogelijk de tekst over te typen. 
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 State Loss of Self-control  Appendix B.

Below the three statements that were selected from the State Self-Control Capacity Scale/SCCSS 
(Ciarocco, Twenge, Muraven & Tice, under review) to measure State Loss of Self-control.  

 
 

 Trait vitality  Appendix C.
Below the translated subjective vitality scale of Ryan and Frederick (1997) that was used to measure 
the general vitality of participants  
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 Trait Self-control Appendix D.
Below the translation of the scale of Tangney, Baumeister & Boone (2004), that was employed to 
measure the amount of self-control normally experienced by participants. 

 
 
 
 
 
  



Appendices 4/7 

 Ease of typing Appendix E.
To estimate the ease of typing, participants were asked to retype the sentence below as fast and 
accurate as possible. Below the instruction and task are depicted.  
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 Estimated marginal mean values and standard errors of in the Pre-test Appendix F.
Tables below depict the estimated marginal mean values and standard errors of the control and 
confounding variables in the pre-test. 

  Ego-Depletion  
  No  Yes  

 Mean Std. Error Mean Std. Error  

Trait Vitality  3.75 0.095 3.94 0.11 
Trait Self-Control 3.15 0.17 3.04 0.17 
Chronotype 4.69 0.21 4.34 0.27 
Ease of Typing 00:53 00:05 01:00 00:05 
General Sleep Quality 2.00 0.33 1.55 0.25 
  Ego-Depletion  
  No Yes 
  Mean Std. Error Mean Std. Error  

Mental Activity 2.33 0.24 1.82 0.18 
Physical Activity 3.00 0.47 3.55 0.39 
Age 21.11 0.56 24.27 1.69 
 
  Ego-Depletion  

  No  Yes 
  

  Mean Std. Error Mean Std. Error  

Caffeine holding drink 5 4 5 6 
Outside 7 2 8 3 
Eat 4 5 8 3 
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 Estimated marginal mean values and standard errors of the Laboratory Appendix G.
study 

Tables below depict the estimated marginal mean values and standard errors of the control and 
confounding variables in the laboratory study. 

Confounding variables 
    Low CCT High CCT 

    
Non ego-
depletion  

Ego-
depletion 

Non ego-
depletion  

Ego-
depletion 

Gender Male 19 14 16 14 

 

Femal
e 10 16 15 14 

Cafeine holding 
drink Yes 23 25 23 22 

 
No 6 5 8 6 

Food Yes 14 11 12 11 

 
No 15 19 19 17 

Outside Yes 5 12 6 5 
  No 24 18 25 23 
 

    Trait Self-
control   Trait 

Vitality   Chronoty
pe   Age   

  Ego-depletion 
condition Mean SE Mean SE Mean SE Mea

n SE 

Low 
CCT Non ego-depletion 2.95 0.1

0 3.77 0.0
9 4.27 0.1

6 3.77 0.0
9 

  Ego-depletion 2.91 0.1 3.79 0.1
0 4.65 0.1

6 3.79 0.1
0 

High 
CCT Non ego-depletion 3.17 0.1

2 3.17 0.1
2 4.48 0.1

3 3.72 0.0
7 

  Ego-depletion 3.10 0.1
2 3.72 0.0

7 4.29 0.1
5 3.84 0.0

8 
 
Control Variable 

    Physical 
Activity   Mental 

Activity   
Typing 
Speed   Wea

ther    Hours of 
Sleep Prior 

  
Ego-

depletion 
condition 

Mean SE Mean SE Mean SE Mea
n 

S
E Mean SE 

Low 
CCT 

Non ego-
depletion 2.19 

0.1
5 2.58 

0.2
16 00:54 

00:
03 2.16 

0.
17 8:04 0:12 

 Ego-
depletion 2.24 

0.2
03 2.72 

0.2
32 00:58 

00:
04 2.24 

0.
20 7:51 0:15 

High 
CCT 

Non ego-
depletion 2.11 

0.2
01 2.86 

0.2
1 00:58 

00:
04 2.50 

0.
20 7:48 0:11 

  Ego-
depletion 1.9 

0.1
62 2.77 

0.2
52 00:58 

00:
04 2.33 

0.
19 8:13 0:14 
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 Estimated marginal mean values and standard errors of the field study Appendix H.
Tables below depict the estimated marginal means values and standard errors of the control and 
confounding variables in the field study. 

Hourly measured confounding variables 
  Filter 
  Green  Orange   
  Mean Std. Error Mean Std. Error  

Mental Activity 3.22 0.07 3.01 0.07 
Physical Activity  1.67 0.05 1.81 0.05 
Social Interaction 2.79 0.08 2.96 0.09 
 
    Filter   
    Green Orange  Total 
Outside No 191 174 365 
  Yes 86 98 184 

 
Daily measured confounding variables 
  Filter       
  Green   Orange    
  Mean Std. Error Mean Std. Error  

Sunshine 0.36 0.06 0.38 0.05 
Temperature  15.88 0.66 16.22 0.51 
Rainfall 1.74 0.65 3.06 0.87 
Quaility of Sleep Prior 3.59 0.14 3.42 0.15 
Hours of Sleep Prior 9:08 0:16 9:54 0.20 
 
Control variables  
  Filter       
  Green   Orange    
  Mean Std. Error Mean Std. Error  

Chronotype 4.51 0.12 4.51 0.12 
Trait Self-control 3.19 0.09 3.19 0.09 
Trait Vitality  4.02 0.08 4.02 0.08 

 
     

 


