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THE CALMING AND ENTRAINMENT EFFECTS OF SUBTLY VARYING LIGHTING
Abstract

Feelings of stress can occur in all sorts of circumstances, such as stress in employees
at the work floor, or stress in hospitalized patients. Stress can have a negative impact on the
wellbeing of people. While various strategies have been proposed to prevent people from
experiencing excessive stress, these strategies often have the disadvantage that they tend to
require the explicit attention and/or effort of the user.
In order to contribute to a more automatic remedy against stress, the current research is
engaged with investigating the calming effects of lighting varying subtly and continuously in
its intensity at a frequency slightly below someone’s average heart rate. The process of heart
rate entrainment is proposed as a pathway via which this calming effect may be established:
the subtly varying light entrains and reduces one’s heart rate, which in turn is interpreted as a
lower level of stress.
A laboratory study was conducted in which participants were exposed to three lighting
conditions (static light, light varying in intensity with a frequency 20% below their average
heartrate frequency, and at the average heartrate frequency) in three consecutive sessions.
During the experiment the participant had to perform stress tasks, during which subjective
anxiety, skin conductance, and heart rate was measured. The results yielded no significant
effect of the lighting condition on the stress measures (subjective anxiety and skin
conductance), suggesting no calming effect of the lighting subtly varying. Furthermore, since
the heart rate did not take on or even changed in the direction of the frequency of the light
stimulus, no entrainment effect was found. We thus conclude that neither a calming effect, nor
an entrainment effect of subtly varying light was established with the current study.
Keywords: stress, entrainment, lighting
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1.0 Introduction

In our modern daily lives, feelings of stress are all too common. The experience of stress can
occur in all sorts of circumstances, such as stress in employees at the work floor, stressing to
finish their work in time, or stress in hospitalized patients, worrying about their personal
wellbeing (The American Institute of Stress, 2014). Unfortunately, stress can have a negative
impact on the wellbeing of people. Besides the direct influence of stress, long term exposure
to the stress of daily life can trigger critical physical health problems, such as for instance
cardiovascular disease and stroke (Childs & de Wit, 2009; Dimsdale, 2008; Gump, et al.,
2011), but is also related to psychological problems, such as depression and anxiety
(D’Angelo & Wierzbicki, 2003; Russ, et al., 2010). Therefore, means to alleviate stress, are
much appreciated, particularly if they are easily applied and do not require explicit effort or
attention of the user.
The current study is concerned with testing such an effortless application for stress
reduction, which deploys subtle variations in ambient lighting. In the remainder of the
introduction it will be elaborated how lighting is involved in this application, and how this
application might reduce stress, and/or stress-related phenomena. The research question is
stated as follows:
Does subtly varying light reduce stress in people?

1.1 Stress
The definition of the concept of stress is concerned with some confusion. What exactly
is meant with stress can therefore not be stated with ease. Traditionally, stress has been
defined either as a stimulus or a response (Folkman, 2013). Stress as a stimulus - also called a
stressor - happens to a person, and serves to induce a stress response. More specifically, a
stressor can be a daily stressor; such as having an argument with someone, or a traumatic life
event; such as the death of a loved one (Whitehead & Bergeman, 2012).
Stress as a response is described by the occurrence of a non-specific psychological,
physiological, and behavioral reaction to events which are relevant to one’s well-being
(Ridner, 2004; Salomon, 2013). In the remainder of the report we will refer to the stress
stimulus as a stressor and to the stress reaction as “stress”.
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Psychological stress
Psychological stress is caused by events which we cognitively interpret to be a stressor
(Lazarus, 1966; Lazarus & Folkman, 1984). Events which are neutral in their origin, such as a
traffic jam, could therefore be turned into a stressor by the manner in which we interpret this
event, and the meaning we assign to this event (Everly Jr & Lating, 2012). Psychological
stress is often accompanied with distress; the experience of negative emotions as anxiety or
anger, as a response to a demand or stressor being harmful to the individual (Ridner, 2004;
Salomon, 2013). In order to deal with these feelings of distress, Lazarus and Folkman (1984)
indicate that people typically use cognitive strategies such as planning, distancing, and
reinterpreting in an effort to cope with these psychological stressors in our lives. On the other
hand, psychological stress can be experienced to be positive as well, referred to as eustress or
“good stress” as in contrast to distress or “bad stress” (Selye, 1976). Stress, for instance, can
be considered as helpful and “good” when it motivates you to accomplish more.

Physiological stress
Physiological stress consists of bodily changes caused by activity in the nervous
system in response to stressful events or stimuli (Salomon, 2013). Anatomically, the nervous
system is subdivided into the central nervous system (CNS) consisting of the brain and spinal
cord, and the peripheral nervous system (PNS), consisting of the autonomic nervous system
(ANS) and the somatic nervous system (SNS). The autonomic nervous system (ANS) is
involved with the direct response to stress from both its sympathetic and parasympathetic subsystems. While activity in the sympathetic nervous system is responsible for physiological
arousal, activity in the parasympathetic nervous system is mainly related to relaxation.
Physiological arousal is typically high during acute stress, as a result of the stress response of
the body. In the absence of stress, physiological arousal is low due to a relaxation response
(American Psychological Association, 2018). Heart rate, heart rate variability, and skin
conductance are bodily responses influenced by activity in the sympathetic nervous system
and the parasympathetic nervous system, depending on the presence or absence of a stressor.
Physiological stress can thus be measured through changes in for instance heartrate, heartrate
variability, and skin conductance level (Salomon, 2013).
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Remedies against stress
Various strategies have been proposed to prevent people from experiencing excessive
stress, and where possible aim to bring people in a more relaxed state, such as: meditation
(Barnes, Bloom, & Nahin, 2008), pharmalogical treatment, cognitive behavior techniques
(Rothbaum, Meadows, Resick, & Foy, 2000), biofeedback (Yucha & Montgomery, 2008),
breathing techniques (Nogawa, Yamakoshi, Ikarashi, Tanaka, & Yamakoshi, 2007), and
coping techniques (Folkman, 2013). These techniques, although effective at times, all have
the disadvantage of requiring the explicit attention and/or effort from the user.
In order to contribute to an effortless remedy against stress, Azevedo et al. (2017)
designed a wearable named “Doppel”, which has the aim to help the user with managing the
pressures of time and stress during the day. This wearable tries to modulate the physiological
state of the user, and through it tries to impact the users’ emotional (and cognitive) state. The
wearable provides an on-demand, discrete, user-controlled heartbeat-like vibration on the
wrist of the user. Azevedo et al. (2017) conducted an experiment in order to investigate
whether the device, vibrating at a frequency 20% below average resting heart rate, would
have a calming effect on physiological arousal and subjective states of anxiety during the
anticipation of public speech. The participants wearing the Doppel device switched on indeed
proved to have a lower increase in skin conductance responses and reported lower levels of
anxiety during public speech compared to the participants wearing Doppel as well, but
switched off. Azevedo et al. (2017) therefore concluded that the device, when providing a
slow heartbeat-like vibration, has a calming effect on physiological arousal and subjective
experience during a situation which is socially stressful.

1.2 Entrainment
The reasoning behind the Doppel wearable stems from research regarding the response
of humans to different rhythms, and the possible entrainment of our physiology to these
rhythms. Entrainment can be described as the process of alignment between two systems, also
commonly referred to as synchronization. Put in the context of human behavior and
physiology, entrainment is about synchronizing our brains and bodies to the environment,
either voluntarily or involuntarily (Ross & Balasubramaniam, 2014). Ross and
Balasubramaniam (2014) stated that entrainment of human behavior and physiology is
possible with any sensory modality: visual, auditory, tactile, or vestibular.
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The entrainment effect
In the research of Anishchenko, Balanov, Janson, Igosheva, and Bordyugov (2000) it
was examined whether it is possible to synchronize the cardio rhythm of a human by weak
external forcing of sequences of light and sound pulses. Participants were exposed to light
pulses in the form of a red square on a computer screen in combination with sound generated
by the speaker of a computer. The forcing was either periodic, in which the time intervals
between the pulses were fixed, or aperiodic, in which the time intervals between the pulses
were varied. Anishchenko et al. (2000) defined synchronization as locking of the signals of
forcing and the response (i.e. heart rate), which can be detected by the presence of a plateau
on the plot of phase difference against time. Anishchenko et al. (2000) found an increase of
approximately 3% in the average heart rate of the participant when the increase of the
frequency of the external forcing was 3% as well. This effect of frequency locking was also
established for other values of frequency detuning between the forcing and the heart rate from
-25% up to +25%. Therefore, Anishchenko et al. (2000) concluded that weak external forcing,
in the form of either periodic or aperiodic sequence of sound and light pulses is able to
synchronize cardio rhythm.
However, in the research of García-León (2015), who replicated the experiment of the
research of Anishchenko et al. (2000), no similar synchronizing effects of sound and light
pulses on human cardio rhythm were found. Moreover, García-León (2015) found an increase
in heartbeat rate after exposing participants to audiovisual stimuli pulsing in a frequency
lower or higher than their heart rate at baseline level, suggesting enhanced rather than
decreased arousal in both cases.
In order to investigate the entrainment effect of auditory stimuli, Way (2017)
examined the entrainment effect of auditory stimuli on heart rate. Three different frequencies
were used: 7%, 10%, and 15% below the mean heart rate of the participant over a rest period
of five minutes. Way (2017) considered entrainment as synchronization of the heart rate with
the rhythm of the external stimuli for at least ten seconds. An ability to entrain was found in
the 7% condition for most of the participants. In the 10% condition the majority of the
participants entrained, and in the 15% condition approximately one-quarter of the participants
were able to entrain. Therefore, Way (2017) concluded it is possible to entrain the heart rate
to external auditory stimuli, with the possibility that the effectiveness of heart rate
entrainment is inversely related to the increase or decrease in frequency. However, in a
replication study of the study of Way (2017) by Marchegiani (2018), no similar entrainment
effects of auditory stimuli were found. Differences in experimental and effect size due to
7
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small samples have been addressed by Marchegiani (2018) as main contributor to the
inconsistency in the findings regarding entrainment.

Entrainment and the effects on stress
In a study of Berg and Siever (2009) it was examined whether audio-visual
entrainment could have an effect on the treatment of seasonal affective disorder (SAD) with
symptoms such as anxiety, a phenomenon also related to stress. Flashing light and pulsed
tones were used for the treatment of SAD based on the expectation of audio-visual
entrainment to affect brain activity at specific frequencies (see Berg and Siever, 2009 for an
overview). Berg and Siever (2009) first exposed participants diagnosed with SAD to a
placebo stimulation with flashing light and pulsed tones of <1 Hz for two weeks. After the
two placebo weeks, participants received 20 Hz flashing light and pulsed tones for two weeks
every morning. A control group did not receive any treatment following the placebo weeks. It
was found that the 20 Hz audio-visual stimulus reduced symptoms of anxiety and depression.
Brain activity was not measured during the research.
Padmanabhan, Hildreth, and Laws (2005) examined the effect of music on preoperative anxiety in hospital patients undergoing general anesthesia for surgery based on the
idea of brain-wave entrainment. A prospective, randomized, controlled study was conducted
over a six month period. Participants reported a lower anxiety level after listening for 30
minutes to binaural beat audio when compared to listening to an identical soundtrack without
these added tones or when receiving no specific intervention. Therefore, Padmanabhan,
Hildreth, and Laws (2005) concluded that binaural beat audio has the potential to decrease
acute pre-operative anxiety significantly. Although not directly examined in their study,
Padmanabhan, Hildreth, and Laws (2005) based their research on the effect of delta brainwave entrainment, since according to Le Scouranec et al. (2001), binaural beat audio
generates delta brain-wave entrainment.
In the research of Azevedo et al. (2017), as previously mentioned, the Doppel device
was designed based on the idea that providing a slow tactile heartbeat-like vibration would
reduce the heart rate, based on heart rate entrainment. It was expected that this decrease in
heart rate would result in reduced levels of stress. As based on the theory of James (1884), it
is suggested that stress reduction by means of heart rate entrainment is involved with the
unconscious detection of a decrease in heart rate, which changes the emotional and cognitive
state. This unconscious detection of a lower heart rate level could therefore result in a feeling
of not being stressed. A calming effect of the Doppel device was indeed found by Azevedo et
8
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al. (2017) in terms of reduced levels of both skin conductance and subjective anxiety.
However, the heart rate remained uninfluenced, indicating no entrainment effects caused by
the Doppel device. Possibly, the mind might have “mistaken” the heart-rate like vibration as
provided to the participant by means of the Doppel device as the true hear rate of the
participant. This might explain the reduction in stress, while no significant entrainment of
heart rate was found.
While studies in the literature exist suggesting the presence of entrainment of our
brains and bodies with the environment (Anishchenko et al., 2000; Way, 2017), research
regarding these entrainment effects shows to be inconsistent (García-León, 2015;
Marchegiani, 2018). Therefore, the existence of entrainment in the context of behavior and
physiology is not generally confirmed yet, and asks for more extensive research in the field.
Furthermore, various studies exist in the literature related to brain entrainment and its effect
on stress, or stress-related phenomena, such as anxiety. However, the calming effect of heart
rate entrainment, and the reasoning behind its calming effect is not generally confirmed yet.
The way in which stimuli are presented might play a critical role in entrainment effects
as well as in calming effects for stress reduction. In the study of García-León (2015),
participants reported that they felt that the visual stimulus used in the experiment was
annoying and very striking, doubting that someone could actually be relaxed while being
exposed to such a stimulus. Indeed, the stimulus caused increases in the emotional states of
the participants. Several participants reported that the red color of the visual stimulus
reminded them of tense moments, such as a critical alarm. Furthermore, participants reported
that focusing on the stimuli required a lot of concentration, causing their minds to drift off.
Therefore, the use of a more subtle stimulus, as in the research of Azevedo et al. (2017),
might hold promise, and could result in calming and potentially entrainment effects. It should
be noted however, that while the presence of an entrainment effect might result in stress
reduction, and therefor might provide a “calming effect”, calming effects might also occur
without this entrainment, and vice versa.
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1.3 Light
Light as a stimulus could play an important role in the entrainment and/or relaxation of
our bodies and brains with the environment. The use of passive light alone already has far
reaching effects within the brain (Siever & Collura, 2017), since light is able to influence our
perception, physiology, mood, and emotions.
The effects of light have already been studied extensively in the context of performance and
vigilance; in which light with higher illuminance levels was found to increase alertness,
vitality, objective performance, and physiological arousal (Smolders, de Kort, and Cluitmans,
2012), as well as in the domain of medical treatment; in which light is used to effectively treat
symptoms of Seasonal Affective Disorder, such as low mood, fatigue, low energy, low levels
of concentration, and reduced interest (Cajochen, 2007).
Literature regarding the effects of light on stress relief however is not fully consistent.
Much research is dedicated to the effect of the color of light. While calming effects tend to be
ascribed to the color blue (Manav, 2007; Singh, 2006), evidence from research regarding the
calming effects of light, suggests relatively low correlated color temperature lighting to be
more beneficial for stress relief compared to light with a relative high correlated color
temperature (Baron, Rea, & Daniels, 1992; Izsó, Láng, Laufer, Suplicz & Horváth, 2009;
Laufer, Láng, Izsó, & Németh, 2009).
The research of Baron, Rea, and Daniels (1992) showed that environments lit with
warm white light were rated as more positive, and more preferred for relaxation as compared
to environments lit with cold white light. In the research of Laufer, Láng, Izsó, and Németh
(2009) the psychophysiological effects of colored light (red vs. blue) were examined. It was
found that red light was significantly more calming than blue light, and also was reported to
be less activating and more pleasant (than blue light). Additionally, in the study of Izsó, Láng,
Laufer, Suplicz and Horváth (2009), in which participants had to indicate their subjective
experience of light, it was found that light with a low color temperature (2700 K), and with a
low illumination level (around 100 lx), was experienced to be relaxing.

Dynamic light
Little is known about the effect of pulsating light on the relief of stress. As mentioned
before, some research does suggest the possibility of lowering heart rate by means of audiovisual entrainment (Anishchenko et al., 2000), and reduced feelings of anxiety by means of
flashing light and pulsed tones (Berg & Siever, 2009).The findings of a study by Hartog,
Cuppen, and Berkvens (2010), in which multiple dynamic lighting settings were tested,
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suggested that an orange colored light setting, slowly varying in saturation (small changes in
saturation of 0.2 Hertz), resulted to be the most preferred lighting setting for a home setting.
Furthermore, Wan (2011) examined the effect of pulsating light on stress-recovery
specifically, and found partially that an orange medium-paced pulsating background lighting
of 0.125 Hertz can support stress-recovery.

1.4 Hypotheses
Based on the proceeding overview, we come to the following hypotheses:
Since a subtly pulsing stimulus, as provided by a tactile heartrate-like vibration at 20% below
the heart rate frequency in the research of Azevedo et al. (2017), and pulsating lighting as
used by Wan (2011) were found to result in stress relief, our first hypothesis is:

Subtle repeated changes in light intensity, in a frequency at or 20% below the average
baseline heart rate frequency, have a calming effect on people.

Thus in these conditions we expect smaller stress reactivity (as measured with subjective and
physiological measures) than in a static light condition.

Since Azevedo et al. (2017) did hypothesize that this calming effect is related to the
possibility of heart rate entrainment, as also described for audio-visual stimuli by
Anishchenko et al. (2000), our second hypothesis is:

This calming effect, if found, may be explained by the underlying mechanism of heart rate
entrainment.

Thus, we expect a lower heart rate in the varying lighting conditions as compared to a static
lighting condition.
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2.0 Method
2.1 Design
In order to investigate the calming and entrainment effects of light subtly varying in
light intensity, a laboratory study was conducted. The study employed a within-subjects
design with three consecutive lighting conditions in which heartrate, skin conductance level,
and subjective anxiety were measured during stressful episodes.
The three lighting conditions consisted of a light varying at a frequency either similar to the
baseline heart rate of the participant, or 20% below the baseline heartrate, and of non-varying
light (control condition with static light).

2.2 Participants
Forty-one participants participated in the laboratory study, of which twenty-one male
and twenty female. The age of the participants ranged from eighteen to forty-three years old
(Mage = 24.8, SDage = 4.3). A maximum age of forty-five years old was chosen due to general
deterioration in many visual functions with age (Boyce, 2014), which could influence the
results of the study. For this study it was required that participants did not have any visual
defects other than myopia or hyperopia (if corrected by lenses or glasses). Additionally, it was
necessary that participants did not have any cardiovascular disorders, such that this could not
lead to irregular heart rate patterns. Therefore, it was specifically requested that participants
with any cardiovascular disorders did not participate in the experiment. Due to the fast
changes in light intensity, people suffering from photosensitive epilepsy were not allowed to
participate in the experiment either. All participants were recruited via de JFS database of
Human Technology Interaction of Eindhoven University of Technology and signed an
informed consent form (attached in Appendix I).

2.3 Setting and stimulus materials
The experiment was conducted in the Lighting Lab of Eindhoven University of
Technology. The space was furnished with a table and a chair for the participants. The walls
of the space were diffusely illuminated with wall washers. The floorplan of the experiment
room is shown in figure 1. In figure 2 pictures are shown of the setup of the room and the
light emitted by the wall washers.
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Figure 1. Floor plan of the experiment room.

Figure 2. Setup of the room with light emitted by wall washers.
The lighting conditions, as generated by the wall washers, were created according to
the representation of the RGB color model; HSV (hue, saturation, value), as represented in
figure 3.
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Figure 3. HSV cylinder.
The walls were illuminated with a correlated color temperature of around 3000 Kelvin
in all light conditions. The saturation of the light used was 0.8 in all conditions. The value
(intensity) of the light in the static light condition was set on 0.350. In the intensity varying
light conditions, the light varied around a value of 0.350.
In order to determine the range of the value of the varying light intensity (the
minimum and maximum values of the light) for the light conditions, a small pilot study was
performed before performing the actual experiment. In this pilot, five participants gave their
opinion about the varying lighting in the room, in an attempt to create a lighting situation in
which the varying light was perceived as noticeable, but not disturbing. We thus determined
the required value range (amplitude) for the light setting varying with a frequency of 0.8
Hertz, corresponding with a heartrate of 48 bpm (minimum value: 0.305, maximum value:
0.395, range: 0.09). It then turned out that the noticeability of the light varying with the same
amplitude differed for other frequencies. More specifically: the noticeability was going up for
higher frequencies of the light. Therefore, the stimulus which met the required noticeability
level (frequency: 0.8 Hz) was used as a reference in order to create the stimuli for all other
heartrate levels used in the study (ranging from 32 bpm to 120 bpm), based on equal speed of
change of value level. The ranges of the other light stimuli were adjusted such that the rate of
change (amplitude * frequency) was constant for all light frequencies, which was tested with
two participants in a small second separate pilot study.
In appendix II, an overview is provided for the minimum and maximum values for the
lowest and highest light frequencies (corresponding with heartrates of 32 bpm and 120 bpm),
and some light frequencies in between (corresponding with a heart rate of 60 bpm, 80 bpm,
and 100 bpm), combined with the luminance level and correlated color temperature as
14
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measured at the eye for these light frequencies. In the experiment, light stimuli were used with
frequencies corresponding with every heart rate level ranging from 32 bpm to 120 bpm, in
steps of one bpm.

2.4 Measurements
2.4.1 Psychological measures
Subjective anxiety. In order to examine the calming effect of varying light,
subjective anxiety was measured with use of the STAI-Y-1 questionnaire as created by
Spielberger, Gorsuch, Lushene, Vagg and Jacobs (1983). The questionnaire contains of 20
items (e.g. “I feel calm”, “I am relaxed”) assessing state anxiety on a four point Likert scale
ranging from “not at all” to “very much so”. The STAI-Y-1 questionnaire was successfully
used to assess stress in a similar experiment by Azevedo et al. (2017).

2.4.2 Physiological measures
Skin conductance. In order to examine the calming effect of the light, skin
conductance was measured with a Mobi-8 device via a galvanic skin response (GSR) sensor,
with a sampling frequency of 1024 Hz and AC voltage. The sensor consisted of two
electrodes which were attached to the soft parts of the second phalanx of the middle and ring
fingers.

Heart rate. In order to examine the entrainment effect of varying light on heart rate, a
Mobi-8 device was used with ECG electrodes, with a sampling frequency of 1024 Hz. Three
sticker electrodes, two for the bipolar input, and one for the participant’s ground, were
positioned on the body according to the standard II lead positioning.

2.5 Procedure
Before the start of the experiment, participants were asked to sign an informed consent
form. After the participant had given his or her consent, ECG electrodes and GSR sensors
were attached to the skin of the participant.
The experiment consisted of three consecutive sessions, each of which consisted of
four tasks. The tasks performed by the participant were similar per session, but the lighting
condition changed per session.
15

THE CALMING AND ENTRAINMENT EFFECTS OF SUBTLY VARYING LIGHTING
Task 1
At the beginning of every session, psychophysiological baseline measurements of
heart rate and skin conductance were taken during rest, while the participant watched an
ocean scene on a laptop screen for four minutes. Lighting was always kept constant at mean
level during this task. The average heartrate taken over de last 50 beats during this baseline
measurement was used as input value for the lighting conditions. Subsequently, participants
filled in the STAI-Y-1 questionnaire for a baseline measurement of subjective anxiety.

Task 2
After the baseline measurement, the lighting was changed according to the lighting
condition (static lighting, light varying at a frequency similar to the frequency of the heart rate
of the participant as measured during task 1, or light varying at a frequency 20% below that
frequency). After the lighting condition was turned on, participants watched the ocean scene
for a second time. Again, skin conductance and heart rate were measured during the ocean
scene. At the end of the ocean scene, participants filled in the STAI-Y-1 questionnaire.

Task 3
Hereafter, the experiment task was explained to the participants by means of text on
the laptop screen. The participants were told that they had four minutes to prepare a speech
about a particular subject (animal testing for research in session 1, the use of drones in war in
session 2, or the influence of social media on youth in session 3). During the preparation of
the speech, the lighting condition stayed the same as during task 2, and skin conductance and
heart rate were measured, and the STAI-Y-1 questionnaire was filled in afterwards.

Task 4
After preparation of the speech, the participant was instructed on the laptop screen to
perform the four minute long speech. The speech needed to be performed in front of a camera,
and the participants were told its purpose was for analyzing stress characteristics such as tone
of voice, body language, and facial expression. After the experiment leader turned on the
camera, the participants were told they could start with their speech. The participant was able
to see him or herself in the display of the camera. When participants did not speech for the
entire four minutes, the experiment leader indicated that the participant needed to continue
until the four minutes were reached. The real purpose for performing the speech in front of a
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camera was to induce stress. This type of task, including the speech preparation in task 3, can
be considered as a version of the Trier Social Stress test as created by Kirschbaum, Pirke, and
Hellhammer (1993), and has been used before by others (Campbell & Ehlert, 2012; Kudielka,
Buske-Kirschbaum, Hellhammer, & Kirschbaum, 2004). Heartrate and skin conductance were
measured during speech performance, and the lighting condition stayed the same as in task 2
and task 3. After the speech, participants filled in the STAI-Y-1 questionnaire again to assess
levels of anxiety.
This procedure was repeated for all three sessions, such that each of the three lighting
conditions was presented to each participant. The order of the presentation of the lighting
conditions was pseudo-randomized over participants.
After the three sessions, participants were shortly interviewed to gain insights
regarding the experience of the participants with the light stimuli they were exposed to, such
as for instance the noticeability of the light stimuli. Specific questions were whether they had
been noticing something about the lighting, and if so, what they did notice, and how they felt
about this. After the interview the participants were fully debriefed, thanked for their
participation, and paid €15.00 for their contribution.
An overview of the structure of the experiment can be found in figure 4.

Figure 4. Overview of the experiment structure (in which one of the three lighting conditions
(LC 1, LC 2, or LC 3) is equal to the baseline light condition (LC BL)).
2.6 Analysis
2.6.1 Preprocessing
Subjective anxiety. The twenty item scores of the STAI-Y-1 questionnaire were added
into one variable according to Spielberger, Gorsuch, Lushene, Vagg and Jacobs (1983), for
total state anxiety scores. Scoring was reversed for anxiety absent items. State anxiety scores
as measured after the baseline measurements (task 1), were subtracted from state anxiety
17
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scores after the different tasks for every light condition, in order to determine the anxiety
reactivity scores.
The distribution of the data of the dependent variable anxiety reactivity and its
residuals were tested for normality. Normality was found to be rejected for all sessions and
conditions combined. Transformations did not result in normality of the distribution of the
anxiety reactivity data nor the distribution of its residuals, and therefore the analysis is
continued with untransformed data.

Skin conductance. Due to measuring errors, three participants were excluded from the
data analysis. Two measures of skin conductance activity, namely the skin conductance
average and the skin conductance level-corrected time integral (Bach, Friston, & Dolan,
2010), were determined for the four-minute interval of every task (from start to end), for
every session. The skin conductance level-corrected time integral, referred to as the AUC
(area under the curve) was estimated according to the following formula:

𝐴𝑈𝐶 =

1
∫ 𝑆𝐶(𝑡)𝑑𝑡 − 𝑆𝐶𝐿
𝑇

in which T is the time period,
and SCL is the overall skin conductance level.
The AUC is closely related to the estimation of the number and amplitude of NS-SCRs, which
was shown to give a better prediction of autonomic arousal (Bach, Friston, & Dolan, 2010).
For both the skin conductance average and the AUC, the reactivity for every task was
determined by subtracting the activity as measured during baseline measurements (task 1)
from the activity during the other tasks.
The distribution of the dependent variables skin conductance reactivity and its
residuals, and AUC reactivity and its residuals, were tested for normality. For all sessions and
conditions combined, normality was found to be rejected. Transformations did not result in
normality of the distribution of the skin conductance data, nor the distribution of its residuals.
Therefore, untransformed values were used for further analyses.
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Heart rate. Due to measuring errors, six participants were excluded from the data
analysis. ECG data was analyzed using RR detect, an application by Boschman (2017), which
uses the Open Source ECG Analyses (OSEA) library from E.P. Limited (Hamilton, 2002) to
detect and localize QRS complexes, and outputs the R-R intervals or inter-beat intervals
(IBI’s).
The data was filtered using both an absolute criterion and a relative criterion. By
means of the absolute criterion, IBI’s were removed which were smaller than 0.4 or larger
than 1.4. For the relative criterion, first a moving average of the preceding ten IBI’s was
calculated. When an IBI was less than 0.5 or more than 1.5 times as large as the moving
average, the IBI was removed from the data set.
All IBI’s were averaged for all separate tasks for every session. In order to calculate
the heartrate for all separate tasks for every session, sixty was divided over the average IBI
value from every task for every session. In order to determine heartrate reactivity, heartrate as
measured during the baseline measurements (task 1) was subtracted from heartrate measured
during the different tasks for every lighting condition separately.
The distribution of the dependent variable heartrate reactivity and its residuals were
tested for normality. For all sessions and conditions combined, normality was found to be
rejected. Transformations did not result in normality of the distribution of the heartrate
reactivity data, nor the distribution of its residuals. Therefore, untransformed values were used
for further analyses.
2.6.2. Analysis
The effect of the lighting condition on stress (calming effect) was examined by means
of three two-way ANOVA’s (one for subjective anxiety reactivity, for skin conductance
reactivity, and one for AUC reactivity), with task type and lighting condition included as
factors. Task type was included in the analysis as well to examine the effect of task type
(watching a neutral video vs. preparing a speech vs. performing a speech) to assess the
effectiveness of the stress tasks (preparing a speech and performing a speech).
In addition, the effect of session on stress was analyzed with three two-way ANOVA’s
(one for subjective anxiety, one for skin conductance reactivity, and one for AUC reactivity)
with session and task type as factors, since it was considered possible that the stress response
would decrease over session because of habituation due to repetition of the stress tasks.
Furthermore, the reactivity differences between the stress tasks and the neutral task
(reactivity of task 3 – reactivity of task 2, and reactivity of task 4 – reactivity of task 2) were
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compared between the sessions with independent sample t-tests for subjective anxiety
reactivity, skin conductance reactivity, and AUC reactivity, in order to examine differences in
stress induction between the sessions.
The effect of lighting condition on the heart rate (entrainment effect) was analyzed by
means of a two-way repeated measures ANOVA, with task type and lighting condition as
factors. Since it was expected that the heart rate response would decrease after repetition of a
stress task, the effect of session on heart rate was analyzed by means of a two-way repeated
measures ANOVA, with session and task type included as factors.
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3.0 Results

The current study was designed in order to examine the calming effects of light
varying in its intensity. The stress level of participants was assessed through a psychological
measure, the STAI-Y-1 questionnaire measuring subjective anxiety, and a physiological
measure, the skin conductance response. These will be discussed in the first two sections
respectively. The process of heart entrainment was proposed as a pathway via which this
calming effect may be established, and was measured by means of heart activity. Results will
be discussed in the third section. The awareness and appraisal of the lighting were measured
by means of a short interview, and these findings will conclude the results section.

3.1 Psychological stress measures
3.1.1 Subjective anxiety
A two-way repeated measures ANOVA was performed in order to analyze the effect
of the stress tasks on the anxiety reactivity and the effect of the different lighting conditions.
Furthermore, the interaction between task type and lighting condition was analyzed. Task and
light condition thus were the two ANOVA factors.
A statistical significant main effect of the different tasks (rest vs. preparing a speech
vs. performing a speech) on the anxiety reactivity was found (F(2,80) = 31.81, p < 0.001).
A pairwise comparison showed that the anxiety reactivity was significantly higher in task 3
and 4 compared with task 2 (p < 0.001 and p < 0.001 respectively). Furthermore, the
difference in anxiety reactivity after task 3 was found to be statistically than task 4 (p =
0.025). In figure 5, the anxiety reactivity is visualized for the three different tasks.
No statistically significant effect of the lighting condition on anxiety reactivity was
found (F(2,160) = 2.29, ns). In figure 6, the anxiety reactivity is visualized for the three
different lighting conditions.
No significant interaction effect between lighting condition and task type was found
(F(4,160) = 0.56, ns), indicating no significant relation between lighting condition and anxiety
reactivity for either one of the task types.
An overview of the repeated measures ANOVA analyzing the effect of task type and
lighting condition on subjective anxiety reactivity, and the pairwise comparison comparing
the anxiety reactivity between the different task types, is provided in table 1 and table 2
respectively, in appendix III.
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Figure 5. Mean anxiety reactivity for the different types of tasks (watching a video (2),
preparing a speech (3), and performing a speech (4)), with a confidence interval of 95%.

Figure 6. Mean anxiety reactivity for the different lighting conditions.
In order to investigate whether the repeated exposure to the TSST showed habituation
effects, any effects of session on anxiety reactivity were checked. A two-way repeated
measures ANOVA was performed in order to analyze the anxiety reactivity and the effect of
repeating stress tasks over three consecutive sessions. Session and task type were the factors
used.
A statistical significant main effect of session was found on anxiety reactivity (F(2,80)
= 9.43, p < 0.001). By means of a pairwise comparison it was found that the anxiety reactivity
of the first and second session were significantly higher compared to session 3 (p < 0.001 and
p = 0.044 respectively). No statistical significant difference was found between the anxiety
reactivity of session 1 and session 2 (ns). As expected, a significant main effect of task type
on anxiety reactivity was found (F(2,80) = 31.81, p < 0.001). In figure 7, the anxiety reactivity
is visualized for the three different sessions.
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A statistical significant interaction effect was found between session and task type
(F(4,160) = 9.09, p < 0.001), in which the effect of task type on anxiety reactivity is different
per session. In figure 8, the interaction effect between task type and session for anxiety
reactivity is visualized.
An overview of the results of ANOVA analyzing the effect of session and task type on
anxiety reactivity, and the pairwise comparison comparing anxiety reactivity between the
different sessions, is provided in table 3 and table 4 of appendix III, respectively.

Figure 7. Mean state anxiety reactivity for the different sessions.

Figure 8. The effect of session 1, session 2, and session 3 on anxiety reactivity, over task
type.
In order to further examine the habituation effect of the repeated exposure of TSST on
the anxiety reactivity between the sessions, the difference in anxiety reactivity between the
speech preparation task (task 3) and the neutral task (task 2), as well as the anxiety reactivity
difference between the speech performance task (task 4) and the neutral task (task 2) were
compared between the three sessions. Mean differences were compared with independent
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sample t-tests.
For the anxiety reactivity difference between task 3 and task 2 a significant difference
was found between session 2 and session 3 (t(80) = 2.42, p = 0.0176), with a lower difference
in anxiety reactivity between task 3 and task 2 for session 3 (M = 6.66, SD = 9.76) than for
session 2 (M = 11.56, SD = 8.51). No significant differences were found in the anxiety
reactivity difference between task 3 and task 2 between the other sessions. A visualization of
the stress reactivity difference of task 3 and task 2 of the separate sessions is visualized in
figure 9.
The anxiety reactivity difference between task 4 and task 2 was found to differ
significantly between session 1 and session 3 (t(80) = 3.73, p < 0.001), as well as between
session 2 and session 3 (t(80) = 2.22, p = 0.030), while not between session 1 and session 2
(t(80) = 1.73, ns). The difference in anxiety reactivity between task 4 and task 2 was found to
be significantly lower for session 3 (M = 1.88, SD = 9.36) compared to both session 1 (M =
10.95, SD = 12.46) and session 2 (M = 6.63, SD = 12.46).
In figure 10 the difference in state anxiety reactivity between task 4 and task 2 is
shown for every individual session. An overview of the results of the independent t-tests can
be found in table 5 and table 6 of appendix III.

Figure 9. State Anxiety Reactivity difference between task 3 and 2 per session.
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Figure 10. State Anxiety Reactivity difference between task 4 and task 2 per session.
Since the previous results clearly indicate that the stress induction was not as effective
in session 2 and session 3 as in session 1, we wondered whether the lack of calming effects of
the lighting conditions could have been obscured by a lack of stress induction. Therefore, an
additional two-way ANOVA was performed with lighting condition and task as factors for the
first session only. However, similar as to the inclusion of all sessions, no significant effect of
lighting condition on the anxiety reactivity was found (F(2,114) = 1.78, p = 0.174), and the
effect of task type on anxiety reactivity was statistically significant (F(2,114) = 16.87, p <
0.001). Additionally, the interaction effect between lighting condition and task type on
anxiety reactivity was not statistically significant (F(4,114) = 0.76, p = 0.55). In figure 11, the
effect of lighting condition on anxiety reactivity is visualized for the first session only. An
overview of the result of the two-way ANOVA analyzing the effect of lighting condition and
task type on anxiety reactivity for the first session only can be found in table 7 of appendix
III.

Figure 11. Mean state anxiety reactivity for the different lighting conditions, for the first
session only.
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3.2 Physiological stress measures
3.2.1 Skin conductance average
A two-way repeated measures ANOVA was performed to examine the effect of the
stress tasks on the SC reactivity, as well as the effect of the different lighting conditions on
SC reactivity. Furthermore, the interaction between task type and lighting condition was
examined. Task and lighting condition were the factors included.
The effect of task type on the SC reactivity was found to be statistically significant
(F(2, 74) = 68.47, p < 0.001). A pairwise comparison showed that the SC reactivity was
significantly higher in task 4 compared to both task 2 (p < 0.001) and task 3 (p < 0.001). The
SC reactivity in task 3 was found to be significantly higher as compared to task 2 (p < 0.001).
In figure 12 the skin conductance reactivity is visualized for the three task types.
No statistically significant effect of lighting condition was found on the SC reactivity
(F(2,74) = 1.61, ns). The SC reactivity for the three different lighting conditions is visualized
in figure 13.
Also no significant interaction effect between lighting condition and task type was
found (F(4,148) = 0.21, ns), which indicates no significantly different relation between SC
reactivity and task type for the various lighting conditions.
An overview of the results of the two-way repeated measures ANOVA analyzing the
effect of task type and lighting condition on skin conductance reactivity, and the pairwise
comparison comparing the differences between task type on skin conductance reactivity, is
provided in table 8 and table 9 respectively, in appendix III.

Figure 12. Mean skin conductance reactivity for the different task types (2, 3, and 4).
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Figure 13. Mean SC reactivity for the different lighting conditions.
In order to investigate whether the repeated exposure to the TSST showed habituation
effects for skin conductance reactivity, similar as to anxiety reactivity, any effects of session
on skin conductance reactivity were checked. A two-way repeated measures ANOVA was
performed to examine the SC reactivity and the effect of repetition of stress tasks over three
consecutive sessions. Session and task type were the factors included.
A statistical significant main effect of session was found on SC reactivity (F(2,74) =
37.26, p < 0.001). A pairwise comparison showed that SC reactivity was significantly higher
in session 1 compared to both session 2 (p < 0.001) and 3 (p < 0.001). No statistically
significant difference was found between the SC reactivity of session 2 and session 3 (ns).
Again, the effect of task type on skin conductance reactivity was found to be statistically
significant (F(2,74) = 68.47, p < 0.001). In figure 14, the SC reactivity is visualized for the
three different sessions.
A statistical significant interaction effect was found between session and task type
(F(4,148) = 5.94, p < 0.001), in which the effect of task type on SC reactivity is different for
the different sessions. The interaction effect between task type and session is visualized for
the skin conductance reactivity in figure 15.
An overview of the results of the two-way repeated measures ANOVA examining the
effect of session and task type on skin conductance reactivity, and the pairwise comparison
comparing the differences between the sessions on skin conductance reactivity, is provided in
table 10 and table 11 of appendix III respectively.
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Figure 14. Mean skin conductance reactivity for the different sessions.

Figure 15. The effect of session 1, session 2, and session 3 on SC reactivity, over task type.
To further examine the habituation effect of the repeated exposure of TSST on the skin
conductance reactivity between the sessions, the difference in skin conductance reactivity
between the speech preparation task (task 3) and the neutral task (task 2), and between the
speech performance task (task 4) and the neutral task (task 2) were compared between the
three sessions. Mean differences were compared with independent sample t-tests.
For the SC reactivity difference between task 3 and task 2, a significant difference was
found between session 1 and session 2 (t(74) = 4.48, p < 0.001), and between session 1 and
session 3 (t(74) = 4.09, p < 0.001), with a higher difference in SC reactivity between task 3
and task 2 for session 1 (M = 1.31 , SD = 0.98) than for both session 2 (M = 0.49, SD = 0.56)
and session 3 (M = 0.53, SD = 0.65). No significant differences were found in the difference
in SC reactivity between task 3 and task 2 between session 2 and session 3 (t(74) = -0.29, ns).
The SC reactivity difference between task 4 and task 2 was found to differ significantly
between session 1 and session 2 (t(74) = 4.87, p < 0.001), and between session 1 and session 3
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(t(74) = 4.73, p < 0.001), with a higher difference in SC reactivity between task 4 and task 2
for session 1 (M = 2.37, SD = 1.48) compared to both session 2 (M = 1.00, SD = 0.91) and
session 3 (M = 1.02, SD = 0.96). No statistical difference in SC reactivity difference between
task 4 and task 2 was found between session 2 and session 3 (t(74) = -0.09, ns).
In figure 16 and 17, respectively, the difference in SC reactivity between task 3 and task 2,
and between task 4 and task 2 is shown for every individual session. An overview of the
results of de independent t-tests regarding SC reactivity can be found in table 12 and table 13
of appendix III.

Figure 16. SC reactivity difference between task 3 and task 2 per session.

Figure 17. SC reactivity difference between task 4 and task 2 per session.
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Since the previous results, similar to the results regarding anxiety reactivity, indicated
that stress induction was not as effective in session 2 and session 3 as in session 1, it was
considered whether the lack of calming effects of the lighting conditions, as examined
through skin conductance reactivity, could have been obscured by a lack of stress induction.
Therefore, a two-way ANOVA was performed with lighting condition and task as factors for
the first session only.
Similarly as to the inclusion of all three sessions, no significant effect of lighting
condition on the SC reactivity was found (F(2,105) = 2.82, p = 0.06). The effect of task type
on SC reactivity was statistically significant (F(2,105) = 28.26, p < 0.001). Additionally, no
significant interaction effect was found between lighting condition and task type for SC
reactivity in the first session (F(4,105) = 0.18, p = 0.95).
The effect of the lighting conditions on the skin conductance reactivity for the first
session only is visualized in figure 18. An overview of the results of the two-way ANOVA
analyzing the effect of lighting condition and task type on skin conductance reactivity for the
first session only, can be found in table 14 of appendix III.

Figure 18. Mean skin conductance reactivity for the different lighting conditions, for the first
session only.
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3.2.2 AUC
A two-way repeated measures ANOVA was performed to investigate the effect of the
stress tasks on the AUC reactivity, together with the effect of the lighting conditions on the
AUC reactivity. The interaction effect between task type and the lighting conditions was
examined as well. Task and lighting condition were the factors used.
The effect of task type on AUC reactivity was statistically significant (F(2,74) = 11.90,
p < 0.001). With a pairwise comparison it was revealed that the AUC reactivity was
significantly higher in task 4 compared to task 2 (p < 0.001). AUC reactivity was also found
to be higher in task 3 compared with task 2 (p = 0.033). No significant difference in AUC
reactivity between task 3 and task 4 was found. In figure 19 the AUC reactivity is visualized
for the three tasks.
Also for the AUC reactivity, the effect of lighting condition was found to be not
statistically significant (F(2,74) = 1.19, ns). The AUC reactivity for all different lighting
conditions is visualized in figure 20.
No significant interaction effect was found between lighting condition and task type
for AUC reactivity (F(4,148) = 1.61, ns), indicating no significantly different relation between
AUC reactivity and task type for the various lighting conditions.
An overview of the results of the two-way repeated measures ANOVA examining the
effect of task type and lighting condition on AUC reactivity, and the pairwise comparison
comparing the differences between task types on AUC reactivity, can be found in table 15 and
16 respectively, in appendix III.

Figure 19. Mean AUC reactivity for different task types (2, 3, and 4).
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Figure 20. Mean AUC reactivity for the different lighting conditions.
As for anxiety reactivity and for SC reactivity, a two-way repeated measures ANOVA
was performed to examine the effect of repeating stress tasks over three consecutive sessions
on AUC reactivity. Session and task type were included as factors.
The effect of session on AUC reactivity was found to be statistically significant
(F(2,74) = 7.13, p = 0.002) as well. By means of a pairwise comparison it was shown that
AUC reactivity of session 1 was significantly higher compared to the AUC reactivity of both
session 2 (p < 0.001) and session 3 (p = 0.001). No significant difference was found between
the AUC reactivity of session 2 and session 3. Again, a statistically significant effect of task
type on AUC reactivity was found (F(2,74) = 11.90, p < 0.001). In figure 21, the AUC
reactivity is visualized for the three different sessions.
A statistically significant interaction effect was found between session and task type
for AUC reactivity (F(4,148) = 6.47, p < 0.001). This indicates that the effect of task type on
AUC reactivity is different for the various sessions. The interaction between task type and
session for AUC reactivity is visualized in figure 22.
Results of the repeated measures ANOVA investigating the effect of session and task
type on AUC reactivity, and the pairwise comparison comparing the differences between the
sessions on AUC reactivity, are provided in table 17 and 18 of appendix III.
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Figure 21. Mean AUC reactivity for the different sessions.

Figure 22. The effect of session 1, session 2, and session 3 on AUC reactivity, over task type.
To further examine the habituation effect of the repeated exposure of TSST on the
AUC reactivity between the sessions, the difference in AUC reactivity between the speech
preparation task (task 3) and the neutral task (2), as well as the difference in AUC reactivity
between the speech performance task (4) and the neutral task (task 2) were compared between
the three sessions. Mean differences were compared with independent sample t-tests.
The difference of AUC reactivity in task 3 and task 2 was significantly different both
between session 1 and session 2 (t(74) = 3.17, p = 0.002), and between session 1 and session 3
(t(74) = 3.14, p = 0.002), with a higher difference in AUC reactivity between task 3 and task 2
in session 1 (M = 0.33, SD = 0.49) than both session 2 (M = 0.04, SD = 0.26) and session 3
(M = 0.04, SD = 0.27). No significant difference was found between session 2 and session 3
regarding the difference in AUC reactivity between task 3 and task 2.
The AUC reactivity difference between task 4 and task 2 was found to be significantly
different both between session 1 and session 2 (t(74) = 2.91, p < 0.005), and between session
1 and session 3 (t(74) = 2.32, p = 0.02). The difference in AUC reactivity between task 4 and
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task 2 was significantly higher in session 1 (M = 0.46, SD = 0.67) than in both session 2 (M =
0.12, SD = 0.26) and session 3 (M = 0.19, SD = 0.52). No significant difference in AUC
reactivity was found between task 4 and task 2 between session 2 and session 3.
The difference in AUC reactivity between task 3 and task 2, and between task 4 and
task 2 is for every individual session is visualized in figure 23 and figure 24. The overview of
results of the independent t-tests regarding AUC reactivity can be found in table 19 and 20 of
appendix III.

Figure 23. AUC reactivity difference between task 3 and task 2 per session.

Figure 24. AUC reactivity difference between task 4 and task 2 per session.
Since the previous results, similar as to the results regarding anxiety reactivity and
skin conductance reactivity, indicated that stress induction was not as effective in session 2
and session 3 as in session 1, the analysis of the AUC reactivity values was performed again
on the data of the first session only. A two-way ANOVA was performed with lighting
condition and task as factors for the first session only.
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In contrast to the inclusion of all three sessions, a significant effect of lighting
condition was found on AUC reactivity (F(2,105) = 3.90, p = 0.02). A pairwise comparison
revealed that AUC reactivity is significantly higher in the varying lighting condition (100%)
compared to the static light condition (p = 0.038). No significant differences in AUC
reactivity were found between the other lighting conditions in session 1.
Similar to the inclusion of all three sessions, a significant effect of task type was found
(F(2,105) = 7.73, p < 0.001), and no statistically significant interaction effect was found
between lighting condition and task type on AUC reactivity for the first session only
(F(4,105) = 1.32, p = 0.27).
The AUC reactivity for the different lighting conditions for the first session only is
visualized in figure 25. The results of the two-way ANOVA examining the effect of lighting
condition and task on AUC reactivity for the first session only, and the pairwise comparison
comparing the differences in lighting conditions on AUC reactivity can be found in table 21
and table 22 respectively.

Figure 25. Mean AUC reactivity for the different lighting conditions for the first session only.
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3.3 Entrainment measures
3.3.1 Heart rate
A two-way repeated measures ANOVA was performed in order to examine the effect
of stress tasks on the heartrate reactivity, as well as the effect of the different lighting
conditions on the heartrate reactivity. The interaction between task type and lighting
conditions was examined as well. Task and lighting condition were included as factor.
The effect of task type on HR reactivity was found to be statistically significant
(F2,68) = 94.53, p < 0.001). A pairwise comparison showed that HR reactivity was
significantly higher in task 4 compared to both task 2 (p < 0.001) and task 3 (p < 0.001).
Furthermore, the HR reactivity of task 3 was significantly higher compared to the HR
reactivity in task 2 (p < 0.001). In figure 26 the HR reactivity is visualized for the three
different tasks.
No statistical significant effect of lighting condition was found on the HR reactivity
(F(2,68) = 0.13, ns). The HR reactivity for the different lighting condition is visualized in
figure 27.
No significant interaction effect between lighting condition and task type was found
(F(4,136) = 1.29, ns), which indicates no significantly different relation between the task
types and HR reactivity for the various lighting conditions.
An overview of the two-way repeated measures ANOVA investigating the effect of task type
and lighting condition on HR reactivity, and the pairwise comparison comparing differences
in task type on HR reactivity is provided in table 23 and table 24 respectively, in appendix III.

Figure 26. Mean heart rate reactivity for the different task types (2, 3, and 4).
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Figure 27. Mean HR reactivity for the different lighting conditions.
Since the results concerning the stress measures (anxiety reactivity, skin conductance
reactivity, and AUC reactivity) indicated that the stress induction was not as effective in
session 2 and session 3 as compared to session 1, the effect of lighting condition on heart rate
reactivity was also examined for the first session only. Therefore, a two-way ANOVA was
performed with lighting condition and task type included as factors for the first session only.
Similar as to the findings with all three sessions included, no significant effect of
lighting condition on the HR reactivity was found in session 1 (F(2,96) = 0.68, ns). The effect
of task type on HR reactivity was again found to be statistically significant (F2,96) = 33.39, p
< 0.001). Additionally, no significant interaction effect was found between lighting condition
and task type on HR reactivity in the first session (F(4,96) = 0.66, p = 0.62). The effect of
lighting condition on HR reactivity for the first session only is visualized in figure 28. An
overview of the results of the two-way ANOVA examining the effect of lighting condition
and task type on HR reactivity, can be found in table 25 of appendix III.

Figure 28. Mean heart rate reactivity for the different lighting conditions, for the first session
only.
37

THE CALMING AND ENTRAINMENT EFFECTS OF SUBTLY VARYING LIGHTING
3.4 Interview
Interviews were conducted after the experiment to gain insights in the awareness and
appraisal of the participants regarding the light varying in intensity. Thirty out of the forty-one
participants reported after the experiment that they were aware of the lighting varying in
intensity in at least one of the sessions. Nine of the forty-one participants said to be unaware
of any changes in light intensity. Two of the forty-one participants gave an unclear answer.
Based on this insight, the analyses of the effect of lighting condition on anxiety
reactivity, skin conductance reactivity, AUC reactivity, and heart rate reactivity were
performed again, but did not include participants who were unaware of the lighting varying in
its intensity, as well as participants who gave an unclear answer related to the awareness of
the lighting. For skin conductance reactivity, AUC reactivity, and the heart rate reactivity,
results regarding the effect of the lighting condition remained the same. However, for
subjective anxiety reactivity, the effect of lighting condition was found to be statistically
significant (F(2,62) = 3.15, p < 0.05). A pairwise comparison showed that anxiety reactivity
was significantly higher in the lighting condition with light varying at a frequency 20% below
average heart rate, compared to the static light condition (p < 0.02). An overview of the
results can be found in table 1 and table 2 of appendix IV.
Participants who were aware of the lighting varying in intensity were asked to give
their opinion about the varying lighting, whether they perceived the varying lighting as
pleasant, neutral, or bothersome. Out of the thirty participants who were aware of the varying
lighting, five participants mentioned that they perceived the lighting as bothersome to at least
some extent. While some participants were bothered to a large extent: ‘It [the varying
lighting] was distracting, it was hard to focus on the screen. It felt like you ran very hard, and
the blood is beating in your eyes’ [PPN4], other participants were only slightly bothered by
the varying intensity of the lighting: ‘It [the varying lighting] was kind of annoying’ [PPN18].
Three out of the thirty aware participants mentioned to have mixed feelings regarding the
lighting stimuli. One of these participants mentioned: ‘During the videos you think “this [the
varying lighting] is super annoying”, but after a while you get used to it’ [PPN3].
Another participant said: ‘During the video I thought it [the varying lighting] was a bit
distracting, because I noticed it much more on the walls, so I watched over there. During the
presentation I kind of liked it’ [PPN12]. Sixteen out of the thirty aware participants felt
neutral about the lighting varying in intensity. One participant told: ‘I barely even noticed it
[the varying lighting], I was bored because of the videos, then I noticed it, but I did not think
it was annoying or bothersome’ [PPN9]. Six out of the thirty aware participants reported the
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varying lighting to be pleasant. The reasons for the lighting being appraised as pleasant were
diverse. A participant mentioned: ‘It [the varying lighting] was not annoying at all. The part
where it sort of pulsed was actually sort of nice, it sort of woke me up’ [PPN2]. Another
participant told: ‘It [the varying lighting] had a nice effect. When you looked around you did
not see it too much. But when you look at the screen you really see it pulsing. I found it
suiting’ [PPN17]. Yet another participant said: ‘It [the varying lighting] was a good
distraction’ [PPN24].
All in all, there is no clear agreement among the participants whether the varying
lighting was experienced as pleasant or unpleasant.
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4.0 Discussion

The current study was designed to examine the calming effect of light, when subtly
varying in its intensity, on the stress level of people. The process of heart entrainment was
proposed as a pathway via which this calming effect may be established. Based on literature it
was hypothesized that light varying subtly and repeatedly in its intensity, at a frequency 20%
below the average heart rate of the participant, would reduce stress. In other words, it was
expected that this varying light stimulus would have a calming effect on people. Additionally,
it was hypothesized that this calming effect would be caused by the entrainment of the heart
rate to the light stimulus, in which the heart rate would take on or approach the frequency of
the varying lighting. These hypotheses will be discussed in the upcoming section.

4.1 Calming effect
In order to answer the research question, effects on stress of the different lighting
conditions were analyzed. The results show no significant main effect of the lighting
condition for either one of the stress measures (subjective anxiety, skin conductance, AUC),
which is not in line with the first hypothesis of the study. These findings indicate that stress
does not differ significantly between static light, light subtly varying in its intensity at a
frequency 20% below the average heart rate, or at the frequency of the average heart rate
itself. The expected calming effect of light varying in light intensity at a frequency 20%
below the average heart rate, therefor did not find support.
In the research of Wan (2011) partial support was found for the calming effect of
pulsing lighting conditions versus static lighting conditions. While Wan (2011) found an
increase in heart rate variability in the pulsing lighting conditions as opposed to the static light
conditions, indicating less stress in the pulsing light conditions, no significant findings were
found for the other stress measures (subjective anxiety, skin conductance and heart rate).
While heart rate variability was not examined in the current research, findings regarding
subjective anxiety, skin conductance, and heart rate do correspond with the findings of Wan
(2011).
However, the findings of the current study are not in line with the research of Azevedo
et al. (2017), in which a calming effect of a subtle heartrate-like vibration, vibrating 20%
below the average heartrate frequency of the participant, was found. The difference in
modality might have been of substantial influence on the differences between the findings
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regarding the calming effect. The calming effect of a tactile heart-rate like vibration as found
in the research of Azevedo et al. (2017) was not due to entrainment, but might have been
caused by the mind “mistaking” the vibration felt on the body (wrist) for the true heart rate of
the participant. Since the heartrate-like vibration was lower than the true heartrate of the
participant, the state of the mind might have been influenced by the detection of a decrease in
heartrate level and interpreted it as a decrease in stress. In our experiment, it is rather unlikely
that repeatedly varying lighting, which is not directly felt by the body as compared to a tactile
stimulus, is “mistaken” by the mind as being the true heart rate of the participant, which might
be a possible explanation for the differences in findings between Azevedo et al. (2017) with
the current study.

4.2 Entrainment effect
No significant effect of the lighting condition was found on the heartrate of the
participant. This finding is not in line with the second hypothesis, since it was expected that
heart rate would decrease significantly more in the lighting condition in which lighting varied
in a frequency 20% below the average heart rate of the participant, as compared to the other
lighting conditions.
Additionally, this finding is not in line with the research of Anishchenko et al. (2000),
in which evidence was found of heart rate entrainment to light flashes and sound pulses.
The difference between the current study and Anishchenko at al. (2000) might be explained
by the presentation of the stimulus used. While the appearance of the stimulus in the current
research was strived for to be subtle and was presented in the periphery, the stimulus as used
by Anishchenko et al. (2000) was under direct attention and focus of the participant.
However, the absence of the entrainment effect is in correspondence with the findings of
Azevedo et al. (2017), in which no entrainment effect was found, even though their tactile
vibration did yield a calming effect.

4.3 Stress tasks
It was assessed whether the tasks, as designed and expected to induce stress, indeed
provided participants with feelings of stress and physiological reactions of stress.
Results showed a significant effect of the type of task on subjective anxiety, skin
conductance, AUC, and heart rate. For all measures, both task 3 (preparing a speech) and task
4 (performing a speech) proved to have higher levels compared to the levels in task 2
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(watching a neutral video). These findings suggest a higher level in stress during the tasks
which were designed to induce stress, compared to the neutral task. So indeed, the speech
preparation and the speech performance tasks did induce stress.

4.4 Habituation effect
However, a significant main effect of session was found on all stress measures:
subjective anxiety, skin conductance, and AUC. Subjective anxiety reactivity was found to be
higher in session 1 and 2, compared to session 3. Skin conductance reactivity and AUC
reactivity were found to be significantly higher in session 1 compared to both session 2 and 3.
Moreover, the reactivity differences in anxiety, skin conductance, and AUC between the
stress tasks and the neutral task (task 3 – task 2, and task 4 – task 2) were found to be
significantly lower in later sessions, which indicates that the amount of which the stress tasks
were able to induce stress, differed between the sessions.
For subjective anxiety reactivity, the difference between the neutral task and the
speech preparation was significantly higher in the second session as compared to the third
session. The difference in subjective anxiety reactivity between the neutral task and speech
performance was significantly higher in the first session as compared to the last session. For
skin conductance reactivity and AUC reactivity, the difference between de neutral task and
speech preparation, as well as the difference between the neutral task and speech
performance, was significantly higher in the first session compared to both the second and last
session. These findings have in common that stress reactivity decreases with increasing
session number, and indicate attenuation of the stress response.
According to Quaedflieg, Meyer, van Ruitenbeek, & Smeets (2017), eliciting stress
repeatedly in a laboratory setting was indeed found to be challenging, due to stress response
habituation, typically reflected in attenuation of the physiological stress response. Habituation
effects have been reported for the Trier Social Stress Test (TSST) in several studies
(Kirschbaum, Pirke, & Hellhammer, 1993; Schommer, Hellhammer, & Kirschbaum, 2003). A
decrease in the stress response, as found in this research, is therefore not unexpected.
As a consequence of this stress response decrease over the sessions, the analysis of the
effect of lighting condition for the data was redone for the first session only. However, in
general, similar results were found as for all sessions together. For subjective anxiety
reactivity, skin conductance reactivity, and heart rate reactivity, no significant differences
between the lighting conditions were found in the first session. Only for AUC reactivity,
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analysis of the data of the first session only resulted in a significant finding: it was found that
AUC reactivity was higher in the lighting condition in which light varied according to the
average heart rate of the participant, as compared to the static lighting condition, suggesting
higher levels of stress in the varying lighting condition, as compared to the static lighting
condition. This certainly does not support our hypothesis of a calming effect of subtly varying
light. Rather it suggests that subtly varying light is less calming than static lighting. Although
not statistically significant, the results for the lighting condition in which the light varied at a
frequency 20% below average heart rate, are in line with this observation. These findings
were unexpected, since AUC reactivity was expected to be significantly lower in the lighting
condition varying in intensity at a frequency 20% below the heart rate, compared to the static
lighting condition. Additionally, stress was expected to be possibly significantly lower even in
the lighting condition with lighting varying according to the average heart rate of the
participant as compared to the static light condition as well. A stimulus varying in intensity
might be able to reduce stress in itself in the absence of heart rate entrainment, similar as in
the research of Azevedo et al. (2017). Even with the presence of heart rate entrainment, light
varying according to the average heart rate frequency of the participant would vary at a
frequency which still would be lower than the heart rate frequency during stress, expected to
result in lower levels of stress as well, compared to the static light condition.
It should be mentioned that the skin conductance level corrected time integral, referred
to as AUC, is considered a better predictor of experimentally manipulated autonomic arousal
in a public speaking paradigm according to Bach, Friston, and Dolan (2010), which might
explain why no significant difference in the lighting conditions were found for the other stress
measures and stress-related phenomena. Additionally, the relatively low statistical power of
this analysis (with reduced number of data points and a between-subjects design) might have
been of influence of not detecting effects of the lighting condition on the other stress measures
in the first session.
4.5 Distraction
Results indicate that only six out of thirty aware participants reported the light varying
in intensity to be pleasant. One reason mentioned for the pleasant appraisal of the varying
light was the lighting being a good distraction. This is in line with the research of Ulrich
(1991). The research of Ulrich (1991), which is concerned with the design of health facilities,
emphasized the importance of designing supportive surroundings which facilitate patients
with coping with the stress they experience accompanying their illness. A guideline was
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described consisting of various components of which ‘positive distractions in physical
environments’, was one of them. Positive distraction was described as an environmental
feature eliciting positive feelings and holding attention and interest without stressing the
individual, thereby reducing worrisome thoughts (Ulrich, 1991). It was indicated that when
stimulation levels are too high due to sounds, intense lighting, bright colors, and other
elements in the environment, the cumulative impact on patients will be too stressful. For the
five out of thirty aware participants who mentioned to be bothered by the varying lighting to
some extent, the varying lighting might have been too overwhelming during the stressful
tasks, resulting in feelings of stress due to the lighting itself.
On the other hand, Ulrich (1991) indicates that prolonged exposure to low levels of
environmental stimulation could result in boredom and negative feelings of depression.
Without positive distraction, patients may focus more on their own worries and stressful
thoughts, possibly further increasing stress. For the sixteen participants feeling neutral about
the varying lighting, the lighting might have offered too low levels of environmental
stimulation. For this group the varying lighting might therefore have not served as a positive
distractor, making room for worrying and stressful thoughts in participants. The varying
lighting might therefor have increased the level of stress during the stressful tasks rather than
reducing stress.
4.6 Limitations & future research
Overall, the statistical power of the three-session study was relatively low due to low
sample size (lowest power for AUC reactivity: 0.67). Therefore, it is less likely to detect an
effect when it is there, which might explain why no significant effect of lighting condition
was found with al sessions included.
Additionally, participants were asked after the experiment whether they did notice
anything about the lighting. Less than 30% of the participants had not noticed the light
varying in its intensity. It is likely that the lighting might not have had an effect on the stress
of participants who were unaware of the lighting, since they did not perceive the lighting
varying in intensity. However, for the participants who reported to be aware of the lighting
after the experiment, it is unknown at which point during the experiment they became aware
of the lighting varying in its intensity. Therefore, the lighting might not have had an effect on
stress until the point at which participants became aware of the lighting. This might contribute
to why there are no effects found of the lighting on stress with all sessions included.
Future research could be concerned with continuing to examine the calming effects of
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light by means of subtly varying intensity, since lighting could be of substantial use in the
hospital and office environment to reduce stress in an unobtrusive and effortless manner. In
those future studies, it might be of use to explicitly test if the change in lighting intensity is
noticeable for every participant, such that all participants are aware of the varying of the
lighting. Other parameters of the varying lighting, such as hue, saturation, and tempo could be
investigated in order to design an optimal light setting for stress reduction in the future.
Additionally, it could be examined how the varying lighting can serve as a positive distraction
in order to reduce stress, for instance with research focusing more on user experience.
Furthermore, when positively tested in the lab environment, light settings should be tested in
the field in order to test whether hospitalized patients and employees could really benefit from
these light settings with regards to stress reduction.
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5.0 Conclusion

The current study was designed to examine whether light reduces stress in people
when it is subtly varying in intensity at a frequency 20% below the average heart rate. The
process of heart rate entrainment was proposed as a pathway via which this calming effect
may be established. Results showed no main effect of the different lighting conditions on the
stress measures (subjective anxiety, skin conductance, and AUC). Therefore, no calming
effect of varying light (not when varying at the heart rate frequency, nor at a frequency 20%
lower) was established. Additionally, no entrainment effect was found, since the heart rate did
not approach or take on the frequency of the light stimulus.
The tasks as designed to induce stress (preparing a speech and performing a speech),
indeed did induce stress in the participants. However, the amount of stress as induced by the
stress tasks decreased significantly with higher session number, which implied habituation of
the stress response.
Even though no calming effect nor entrainment effect was found for the light stimulus
varying in intensity at a frequency 20% below the average heart rate, research could continue
to investigate the effects of light to reduce stress in highly stressful environments such as the
hospital and work environment, since calming effects of varying lighting could serve as a
unobtrusive and effortless manner to reduce stress.
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Appendix I – Informed consent form

Informed consent form
This document gives you information about the study “The effects of light on stress”.
Before the study begins, it is important that you learn about the procedure followed in
this study and that you give your informed consent for voluntary participation. Please
read this document carefully.

Aim and benefit of the study
The aim of this study is to measure the level of stress in participants, and their relation
to physiological bio signals like for instance heart rate. This information is used to
examine and develop stress reducing techniques.
This study is performed by Eline Hooijman, a student under the supervision of Joyce
Westerink, Els Kersten – van Dijk, and Raymond Cuijpers of the Human-Technology
Interaction group.

Procedure
In this experiment we will measure your heart activity and skin conductance response
(‘sweat’). For these measurements you will be asked to attach a number of (sticker)
electrodes to your skin. The measurements will be performed during the entire
experiment. The experiment consist of several social tasks (which may be experienced
as stressful), as well as a short interview. You will be asked to answer a number of
questionnaires at several moments during the experiment.
During these social tasks you will be videotaped several times in order to analyze stress
characteristics like tone of voice, body language, and facial expression. You will be fully
informed during the experiment when you will be videotaped.

Risks
The study does not involve any risks or detrimental side effects. During the experiment
you may experience some stress. You may always stop the experiment if the experience
is too stressful.

Duration
The study will last approximately 90 minutes.

Participants
You were selected because you were registered as participant in the participant
database of the Human Technology Interaction group of the Eindhoven University of
Technology. Moreover, participants without any visual defects (besides wearing lenses
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or glasses), without cardiovascular disorders, and without photosensitive epilepsy are
required for this experiment.

Voluntary
Your participation is completely voluntary. You can refuse to participate without giving
any reasons and you can stop your participation at any time during the study. You can
also withdraw your permission to use your data up to 24 hours after the study is
finished. All this will have no negative consequences whatsoever.

Compensation
You will be paid 15.00 euros (€2.00 extra if you do not study or work at the TU/e or
Fontys Eindhoven).

Confidentiality
All research conducted at the Human-Technology Interaction Group adheres to the Code
of Ethics of the NIP (Nederlands Instituut voor Psychologen – Dutch Institute for
Psychologists).
We will not be sharing personal information about you to anyone outside of the research
team. No video or audio recordings are made that could identify you. The information
that we collect from this study is used for writing scientific publications and will only be
reported at group level. It will be completely anonymous and it cannot be traced back to
you.

Further information
If you want more information about this study you can ask Eline Hooijman (contact
email: e.j.m.hooijman@student.tue.nl).
If you have any complaints about this study, please contact the supervisor, Joyce
Westerink (j.h.d.m.westerink@tue.nl).

Certificate of Consent
I, (NAME)……………………………………….. have read and understood this consent form and
have been given the opportunity to ask questions. I agree to voluntarily participate in
this study carried out by the research group Human Technology Interaction of the
Eindhoven University of Technology.

Participant’s Signature

Date
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Appendix II – Light settings and measurements

Table 1
Light settings and measurements for 0.53 Hz and 0.67 Hz (corresponding with a heart rate of
32 bpm and 40 bpm respectively)
32 BPM (40 BPM – 20%)

40 BPM

Minimum

Maximum

Minimum

Maximum

Value

0.284

0.418

0.296

0.404

Measured

5.744

7.511

5.836

7.334

3076

3108

3068

3103

luminance (cd/m2)
CCT (K)

Table 2
Light settings and measurements for 0.8 Hz and 1 Hz (corresponding with a heart rate of 48
bpm and 60 bpm respectively).
48 BPM (60 BPM – 20%)

60 BPM

Minimum

Maximum

Minimum

Maximum

Value

0.306

0.396

0.314

0.386

Measured

6.009

7.270

6.119

7.100

3097

3084

3070

3114

luminance (cd/m2)
CCT (K)
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Table 3
Light settings and measurements for 1.07 Hz and 1.33 Hz (corresponding with a heart rate of
64 bpm and 80 bpm respectively).
64 BPM (80 BPM – 20%)

Value
Measured

80 BPM

Minimum

Maximum

Minimum

Maximum

0.316

0.384

0.324

0.378

6.163

7.062

6.288

6.987

3066

3106

3116

3109

2

luminance (cd/m )
CCT (K)

Table 4
Light settings and measurements for 1.33 Hz and 1.67 Hz (corresponding with a heart rate of
80 bpm and 100 bpm respectively).
80 BPM (100 BPM – 20%)

100 BPM

Minimum

Maximum

Minimum

Maximum

Value

0.324

0.378

0.328

0.372

Measured

6.288

6.987

6.344

6.931

3116

3109

3100

3087

luminance (cd/m2)
CCT (K)
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Table 5
Light settings and measurements for 1.60 Hz and 2 Hz (corresponding with a heart rate of 96
bpm and 120 bpm respectively).
96 BPM (120 BPM – 20%)

Value
Measured

120 BPM

Minimum

Maximum

Minimum

Maximum

0.328

0.374

0.332

0.368

6.340

7.009

6.421

6.883

3105

3105

3110

3091

2

luminance (cd/m )
CCT (K)
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Appendix III – Overview analyses

Table 1
Overview of results of the two-way repeated measures ANOVA for main effects and the
interaction effect of task and lighting condition on psychological anxiety reactivity
Attribute

Factor

df

df(residual)

F

P

ƞ2

Anxiety

Task

2

80

31.81

<0.001

0.44

Condition

2

80

2.29

0.108

0.05

Anxiety

Condition

4

160

0.56

0.69

0.01

reactivity

* task

reactivity
Anxiety
reactivity

Table 2
Overview of results of the pairwise comparison for the differences between task type on
psychological anxiety reactivity (p-value)
Attribute

Task 2 vs. 3

Task 2 vs. 4

Task 3 vs. 4

Anxiety

<0.001

<0.001

0.025

reactivity
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Table 3
Overview of results of the two-way repeated measures ANOVA for main effects and the
interaction effect of task and session on psychological anxiety reactivity
Attribute

Factor

df

df(residual)

F

p

ƞ2

Anxiety

Session

2

80

9.43

<0.001

0.19

Task

2

80

31.81

<0.001

0.44

Anxiety

Session *

4

160

9.09

<0.001

0.19

reactivity

task

reactivity
Anxiety
reactivity

Table 4
Overview of results of the pairwise comparison for the differences between sessions on
psychological anxiety reactivity (p-value)
Attribute

Session 1 vs. 2

Session 1 vs. 3

Session 2 vs. 3

Anxiety

0.189

<0.001

0.044

reactivity
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Table 5
Overview of the mean anxiety reactivity difference and standard deviation between task 3 and
task 2, and between task 4 and task 2 for every session
Session 1

Anxiety reactivity

Session 2

Session 3

M

SD

M

SD

M

SD

10.37

11.23

11.56

8.51

6.66

9.76

10.95

12.46

6.63

10.06

1.88

9.36

difference
task 3 – task 2
Anxiety reactivity
difference
task 4 – task 2

Table 6
Overview of the results of independent t-tests of the anxiety reactivity difference between task
2 and task 3 compared for every session, and the anxiety reactivity difference between task 2
and task 4 compared for every session
Session 1 vs. 2

Anxiety reactivity

Session 1. vs 3

Session 2. vs 3

p

t

df

p

t

df

p

t

df

0.589

-0.54

80

0.115

1.60

80

0.018

2.42

80

0.088

1.73

80

<0.001

3.73

80

0.030

2.22

80

difference
task 3 – task 2
Anxiety reactivity
difference
task 4 – task 2
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Table 7
Overview of the results of the two-way ANOVA for the main effects of lighting condition and
task type on anxiety reactivity for session 1 only
Attribute

Factor

df

df(residual)

F

p

ƞ2

Anxiety

Lighting

2

114

1.78

0.17

0.03

Task

2

114

16.87

<0.001

0.23

Anxiety

Lighting

4

114

0.76

0.55

0.03

reactivity

condition

reactivity Condition
Anxiety
reactivity

* task

Table 8
Overview of results of the two-way repeated measures ANOVA for main effects and
interaction effects of task and lighting condition on SC reactivity
Attribute

Factor

df

df

F

p

ƞ2

(residual)
SC

Task

2

74

68.47

<0.001

0.65

Condition

2

74

1.61

0.207

0.04

SC

Condition

4

148

0.21

0.93

0.01

reactivity

* task

reactivity
SC
reactivity
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Table 9
Overview of results of the pairwise comparison for the differences between task type on SC
reactivity (p-value)
Attribute

Task 2 vs. 3

Task 2 vs. 4

Task 3 vs. 4

SC reactivity

<0.001

<0.001

<0.001

Table 10
Overview of results of the two-way repeated measures ANOVA, for main effects and the
interaction effect of task and session on SC reactivity
Attribute

Factor

df

df(residual)

F

p

ƞ2

SC

Session

2

74

37.26

<0.001

0.5

Task

2

74

68.47

<0.001

0.65

SC

Session *

4

148

5.94

<0.001

0.49

reactivity

task

reactivity
SC
reactivity

Table 11
Overview of results of the pairwise comparison for the differences between sessions on SC
reactivity (p-value)
Attribute

SC reactivity

Session 1 vs.

Session 1 vs.

Session 2 vs.

2

3

3

<0.001

<0.001

>0.999
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Table 12
Overview of the mean SC reactivity difference and standard deviation between task 2 and task
3, and between task 2 and task 4 for every session
Session 1

SC reactivity

Session 2

Session 3

M

SD

M

SD

M

SD

1.31

0.98

0.49

0.56

0.53

0.65

2.37

1.48

1.00

0.91

1.02

0.96

difference
task 3 – task 2
SC reactivity
difference
task 4 – task 2

Table 13
Overview of the results of student’s t-tests of the SC reactivity difference between task 2 and
task 3 compared for every session, and the SC reactivity difference between task 2 and task 4
compared for every session
SC reactivity

Session 1 vs. 2

Session 1. vs 3

Session 2. vs 3

difference

SC reactivity

p

t

df

p

t

df

p

t

df

<0.001

4.48

74

<0.001

4.09

74

0.77

-0.29

74

<0.001

4.87

74

<0.001

4.73

74

0.93

-0.09

74

difference
task 3 – task 2
SC reactivity
difference
task 4 – task 2
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Table 14
Overview of the results of the two-way ANOVA for the main effects of lighting condition and
task type on SC reactivity for session 1 only
Attribute

Factor

df

df(residual)

F

p

ƞ2

SC

Lighting

2

105

2.82

0.06

0.05

Task

2

105

28.26

<0.001

0.35

SC

Lighting

4

105

0.18

0.95

0.007

reactivity

condition

reactivity Condition
SC
reactivity

* task

Table 15
Overview of the results of the two-way repeated measures ANOVA for the main effects of
lighting condition and task type on AUC reactivity
Attribute

Factor

df

df

F

p

ƞ2

(residual)
AUC

Task

2

74

11.90

<0.001

0.24

Condition

2

74

1.19

0.31

0.03

AUC

Condition

4

148

1.61

0.176

0.04

reactivity

* task

reactivity
AUC
reactivity
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Table 16
Overview of results of the pairwise comparison for the differences between task type on AUC
reactivity (p-value)
Attribute

Task 2 vs. 3

Task 2 vs. 4

Task 3 vs. 4

AUC reactivity

0.033

<0.001

0.088

Table 17
Overview of results of the two-way repeated measures ANOVA, for main effects and the
interaction effect of task and session on AUC reactivity
Attribute

Factor

df

df(residual)

F

p

ƞ2

AUC

Session

2

74

7.13

0.002

0.16

Task

2

74

11.90

<0.001

0.24

AUC

Session *

4

148

6.47

<0.001

0.15

reactivity

task

reactivity
AUC
reactivity

Table 18
Overview of results of the pairwise comparison for the differences between sessions on AUC
reactivity (p-value)
Attribute

AUC

Session 1 vs.

Session 1 vs.

Session 2 vs.

2

3

3

<0.001

0.001

0.611

reactivity
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Table 19
Overview of the mean AUC reactivity level difference and standard deviation between task 2
and task 3, and between task 2 and task 4 for every session
Session 1

AUC reactivity

Session 2

Session 3

M

SD

M

SD

M

SD

0.33

0.49

0.04

0.26

0.04

0.27

0.46

0.67

0.12

0.26

0.19

0.52

difference
task 3 – task 2
AUC reactivity
difference
task 4 – task 2

Table 20
Overview of the results of independent t-tests of the AUC reactivity difference between task 2
and task 3 compared for every sessions, and the AUC reactivity difference between task 2 and
task 4 compared for every session
Session 1 vs. 2

AUC reactivity

Session 1. vs 3

Session 2. vs 3

p

t

df

p

t

df

p

t

df

0.002

3.17

74

0.002

3.14

74

0.99

0.01

74

0.005

2.91

74

0.023

2.32

74

0.23

-1.20

74

difference
task 3 – task 2
AUC reactivity
difference
task 4 – task 2
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Table 21
Overview of the results of the two-way ANOVA for the main effects of lighting condition and
task type on AUC reactivity for session 1 only
Attribute

Factor

df

df(residual)

F

p

ƞ2

AUC

Lighting

2

105

3.90

0.02

0.07

Task

2

105

7.73

<0.001

0.13

AUC

Lighting

4

105

1.32

0.27

0.05

reactivity

condition

reactivity Condition
AUC
reactivity

* task

Table 22
Overview of results of the pairwise comparison for the differences between lighting conditions
on AUC reactivity (p-value)
Attribute

AUC reactivity

Condition

Condition

Condition

0% vs. 80%

0% vs. 100%

80% vs. 100%

0.174

0.038

>0.995
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Table 23
Overview of results of the repeated measures ANOVA for main effects and interaction effects
of task and lighting condition on HR reactivity
Attribute

Factor

df

df

F

p

ƞ2

(residual)
HR

Task

2

68

94.53

<0.001

0.74

Condition

2

68

0.13

0.88

0.004

HR

Condition

4

136

1.29

0.28

0.04

reactivity

* task

reactivity
HR
reactivity

Table 24
Overview of results of the pairwise comparison for the differences between task type on HR
reactivity (p-value)
Attribute

Task 2 vs. 3

Task 2 vs. 4

Task 3 vs. 4

HR reactivity

<0.001

<0.001

<0.001
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Table 25
Overview of the results of the two-way ANOVA for the main effects of lighting condition and
task type on HR reactivity for session 1 only
Attribute

Factor

df

df(residual)

F

p

ƞ2

HR

Lighting

2

96

0.68

0.51

0.01

Task

2

96

33.39

<0.001

0.41

Lighting

4

96

0.66

0.62

0.03

reactivity Condition
HR
reactivity
HR

reactivity Condition
* task
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Appendix IV – Overview analysis for aware participants only

Table 1
Overview of results of the repeated measures ANOVA for main effects and interaction effects
of task and lighting condition on anxiety reactivity for aware participants only
Attribute

Factor

df

df

F

p

ƞ2

(residual)
Anxiety

Task

2

62

26.17

<0.001

0.46

Condition

2

62

3.15

<0.05

0.09

Anxiety

Condition

4

124

0.80

0.529

0.03

reactivity

* task

reactivity
Anxiety
reactivity

Table 2
Overview of results of the pairwise comparison for the differences between lighting conditions
on anxiety reactivity for aware participants only (p-value)
Attribute

Anxiety

Condition

Condition

Condition

0% vs. 80%

0% vs. 100%

80% vs. 100%

0.017

0.421

0.578

reactivity
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