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Abstract

Recent studies and key theories in Environmental Psychology suggest that dappled light (e.g.,
sunlight falling through a tree canopy) might be beneficial for one’s health and well-being. This is the
first time, to our knowledge, that the effect of projected dappled light patterns on stress restoration is
tested in a real indoor environment. The current study investigated the effect of dappled light patterns
on association with nature and stress restoration in an office environment using subjective- and skin
conductance measures. This was done using a between-subjects design with three conditions: a
control condition showing uniformly distributed light, a static dappled light, and a dynamic dappled
light condition. These conditions allowed us to examine the effect of temporal variability (e.g., the
movement of the pattern over time), which has been scarcely investigated. During the experiment,
stress was induced with a Sing-a-Song Stress Test to examine whether there were differences in the
recovery from stress between the conditions.

Results showed that the dynamic dappled light pattern was more strongly associated with
nature compared to the static dappled light pattern, while uniformly distributed light was barely
associated with nature. These results suggest an effect of temporal variation in the dynamic dappled
light pattern. Additionally, subjective measures showed significantly higher stress restoration for
static dappled light compared to uniformly distributed light and dynamic dappled light, while skin
conductance measures revealed no differences between the control and static condition. This research
showed a significantly lower skin conductance level (SCL) during the stressor task compared to the
other conditions suggesting that the stressor task was least effective in the dynamic dappled light
condition. As the dynamic dappled light pattern showed lower SCL during the stressor task, and had
lower differences in SCL during the recovery period compared to the control and static condition, a
potential restorative effect is indicated. Yet, further research is necessary to explore the potential
instorative effect of dynamic dappled light patterns in office environments since this can be relevant

in the area of lighting design.

Keywords: dappled light patterns, association with nature, skin conductance, stress

restoration
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1. Introduction

Stress is a big part of contemporary life. Everyone experiences stress from time to time, some
worse than others. Stress can occur in a work environment, at school, or in a social environment. In
the current society, where expectations are greater and the pressure to achieve good results is higher,
the number of people experiencing stress has increased (Kinman & Jones, 2005). In 2009, the World
Health Organization (WHO) launched new mental health guidelines specifically for conditions and
disorders related to stress (Tol et al., 2014; World Health Organization, 2010). This indicates that
stress is prevalent among individuals across the world, making intervention is necessary. Stress affects
our mental state in the short-term, resulting in emotional upset or psychological distress (Cohen,
2000). Long-term consequences of stress on individuals’ well-being might lead to burnouts, sleep
disorders, and mental health problems (Novack et al., 2007; Salvagioni et al., 2017). These negative
consequences of prolonged stress on one’s health are the main reason why stress should be reduced.
There are several ways to recover from stress. This can be done by using evidence-based stress
reduction techniques such as cognitive behavioral stress reduction or progressive muscle relaxation
(Varvogli & Darviri, 2011). Furthermore, engaging in social interaction, exercising and meditation are
also often used to recover from stress (Beute & de Kort, 2014). These stress-reducing techniques take
quite a bit of time but unfortunately, time is precious. Therefore, this research aims to propose a
solution where stress can be reduced in a way that does not take much time for individuals.

Literature suggests that environmental factors such as daylight and nature play a role in
reducing stress (Beute & de Kort, 2014). This is substantiated by Boyce, Hunter & Howlett's (2003)
literature review showing that the stimulating effect of daylight results in less stress and increased
productivity. Besides the effect of daylight on stress restoration, different theories in Environmental
Psychology have attempted to explain the effect of nature on stress restoration. The two most
dominant theories are the Attention Restoration Theory (Kaplan & Kaplan, 1989; Kaplan, 1995) and
the Psycho-Evolutionary Theory (Ulrich, 1983). The Attention Restoration Theory by Kaplan &
Kaplan (1989, 1995) explains the restorative qualities of nature on fatigue, while Ulrich’s Psycho-
Evolutionary theory (1983) states that nature influences the emotional state of individuals in a positive
manner. Since daylight and nature often coincide outdoors, it could be the combination of the two
environmental factors that influence stress recovery. As stated earlier, the existing techniques to
recover from stress take a lot of effort. Yet, the combination of nature and daylight could be an
effective way to reduce stress as it takes little effort to look at the environment. However, the problem
is that people nowadays hardly have a nature view due to urbanization (Cox, Shanahan, Hudson,
Fuller, & Gaston, 2018). Additionally, individuals spent most of their time indoors, especially office
employees (Aries, Veitch, & Newsham, 2010; Schweizer et al., 2007). Therefore, it would be
beneficial for office employees to translate the restorative qualities of daylight and nature into the

indoor environment. In this way, stress might be reduced without putting much effort into stress-



reducing techniques. The present study translated the restorative qualities of nature to the indoor
environment by using light as a potential medium. To do that, a dappled shadow pattern of sunlight
falling through a tree canopy was used as a promising stimulus. This should give a feeling of being in

nature and therefore should reduce the feeling of stress.

1.1 Psychological effects of daylight

Exposure to daylight might be experienced as positive and negative. Daylight can be the cause
of thermal or visual discomfort (Aries et al., 2015). On the other hand, lack of daylight during the day
is associated with seasonal affective disorder (SAD) (Aries et al., 2015). During the fall and winter
months, SAD is more common compared to the summer months, because of the difference in amount
of daylight during the day (Melrose, 2015). Exposure to natural daylight and bright light therapy are
two possible ways to reduce SAD (Aries et al., 2015). This demonstrates the impact daylight can have
on human health. A comprehensive review concluded that daylight is associated with multiple other
psychological effects such as the improvement of mood and the reduction of stress (Beute & de Kort,
2014). Mood and stress are closely related as stress often results in a change of mood. Research of
Kaida, Takahashi, & Otsuka (2007) revealed that participants’ positive mood enhanced more while
being exposed to daylight of circa 3,000 lux on the eye, compared to electric lighting lower than 100
lux on the eye.

Multiple studies have focused specifically on the effect of daylight on stress (Jiang, Li,
Yongga, & Yan, 2022; Rechlin, Weis, Schneider, Zimmermann, & Kaschka, 1995). Rechlin et al.
(1995) revealed that heart rate variability increased when participants were exposed to bright electric
light. Furthermore, results of the study of Jiang et al. (2022) showed as well that heart rate variability
increased, but in this study the participants were exposed to natural daylight. The results of both
studies indicate a potential stress reducing effect since heart rate variability is likely related to
increased parasympathetic neural activity (Bilchick & Berger, 2006). In addition to improvement of
mood and reduction of stress, an increase in productivity is also a result of the psychological effects of
light. Access to daylight provides stimulation during the day, resulting in an increase in productivity
(Boyce et al., 2003; Day, Futrell, Cox, & Ruiz, 2019). In a study investigating the impact of daylight
on occupants, Day et al. (2019) found that the distance from the window to the workplace influenced
satisfaction. A workplace closer to the window, thus more exposure to daylight and outside view,
resulted in higher satisfaction. In summary, previous research shows that exposure to daylight result
in positive psychological effects for the occupants. The following sections will elaborate more on the

spatial and temporal effects of light in a space.



1.1.1. The play of light in spaces

Daylight positively influences individuals’ health and productivity. Therefore, the play of
light in workplaces might be of importance for companies. Roche, Dewey & Littlefair (2000)
investigated occupants’ reaction to daylight and lighting in offices. Results show that humans prefer
natural daylight over artificial light. Moreover, individuals tend to prefer natural items over their
synthetic counterparts (Haans, 2014). Concerning lighting, this is illustrated by people preferring
daylight or simulated daylight over fluorescent light (Haans, 2014).

Multiple studies have focused on research concerning daylight. Lighting research in virtual
environments showed promising results regarding the effect of luminance variations on occupants’
visual interest (Rockcastle, Amundadottir, & Andersen, 2017; Rockcastle, Chamilothori, & Andersen,
2017). Additionally, in a study investigating the effect of fagade geometry and its interaction with
sunlight on occupants’ subjective perception, Chamilothori et al. (2019) found that an irregular
sunlight pattern on facades was evaluated more positive compared to a regular sunlight pattern. To
elaborate, participants in an interior scene were exposed to three different fagade variations in the
virtual environment; irregular, regular and blinds. The visual scenes can be seen in Figure 1. Besides
the more positive evaluation, the irregular sunlight pattern affected heart rate responses as well. The
results showed a decreased heart rate when participants were exposed to irregular facade patterns.
This effect might indicate a reduction in stress, since heart rate is often used in research as an

indicator for the level of stress (Lin, Lin, Lin, & Huang, 2011; Ulrich et al., 1991; Yin et al., 2020).

Neutral seene |

Figure I - Visual scenes in research of Chamilothori et al. (2019)

A more recent study in virtual reality also investigated the effect of facade geometry and
daylight pattern geometry on occupants’ perception (Chamilothori, Wienold, Moscoso, Matusiak, &
Andersen, 2022). This research examined more facade patterns and different sky types compared to
the previously mentioned study of Chamilothori et al. (2019). Results revealed that fagade geometry
affect how pleasant, interesting, exciting and complex the space was perceived (Chamilothori et al.,
2022). Facade geometries evaluated as more complex, were also evaluated as more exciting and more
interesting.

In a study investigating the effect of different light geometries projected on walls and floors of
an interior space on visual interest, preference and mood response, Abboushi, Elzeyadi, Taylor &

Sereno (2019) used fractal patterns as different light geometries. A fractal pattern has a structure that



repeats over a range of magnification scales. For instance, a snowflake shows a pattern within a
pattern. The first study, conducted in a lecture hall, revealed that projected fractal patterns were
preferred over projected non-fractal patterns. These results were further investigated in a more
realistic environment. Sunlight patterns with four different computer renderings falling on facade
systems in a work environment were shown to participants in a lecture room. The different computer
renderings created four sunlight patterns with different fractal dimensions. The higher the fractal
dimension, the more complex the pattern was perceived. Results showed that sunlight patterns with a
high fractal dimension increased the visual interest among participants. Additionally, excitement and
stimulated ratings increased as fractal dimension increased. This study gave promising results, yet the
implementation of light patterns in a realistic environment is deficient.

Lighting research in virtual environments have given promising results concerning fagade and
daylight patterns on subjective perceptions. Nevertheless, studies employed in real environments
show inconsistent results. Abboushi & Elzeyadi (2018) investigated sunlight pattern geometry and
visual comfort in a real daylit office environment. Three difference sunlight pattern geometries were
created —Fractal Pattern, Striped Pattern, and ‘No-Pattern’— by panels mounted on the window.
Although the results showed that fractal patterns were more visually interesting compared to striped
patterns, the effect was not statistically significant. Another study by Abboushi and colleagues (2021)
performed in a real office environment compared the same sunlight pattern geometries as in Abboushi
& Elzeyadi (2018). The different sunlight patterns were as well mounted on the window. Results did
not show significant differences in visual comfort or visual interest among the three different sunlight
patterns (Abboushi et al., 2021).

Although more research in real environments is needed, the results of the previously
mentioned studies in virtual environments are of importance. These results can be broadened by
combining the sunlight pattern geometries with the temporal aspect. To elaborate, static patterns were
used in previous studies while temporal variability, the patterns moving over time, was not used in the
previously mentioned studies. The movement of the patterns might be of importance since research
showed that dynamic light patterns are preferred over static light patterns (Lemmens, Chamilothori, &
de Kort, 2022). Little research has been done on the variability of light, but it might influence the

effect of light patterns on subjective and physiological responses.

1.1.2. Temporal variability

The perception of daylight over a short period of time can be influenced by the temporal
variability of daylight. That is, for example, a passing cloud that creates bigger fields of shadow, or
the movement of leaves in trees due to wind, causing the shadow patterns on the floor to move over
time. These temporal aspects of light are momentary and unpredictable (Houser, 2018). Additionally,
emotional appeal to daylight is, among other factors, built on temporal variability (Houser, 2018).

Therefore, research on daylight patterns including the effect of temporal variability might result in
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better outcomes regarding subjective perceptions compared to research solely including static light
patterns.

Although little research has been done on the variability of light, Lemmens et al. (2022)
investigated the effects of light patterns directly derived from nature, dappled light patterns. Dappled
light is defined as sunlight falling through a tree canopy which creates a dappled shadow pattern
(Matchette, Cuthill, & Scott-Samuel, 2018). Lemmens et al. (2022) compared static dappled light
patterns to dappled light patterns that moved over time, which are called dynamic dappled light
patterns. The moving pattern was preferred over the static dappled light pattern, showing an effect of
temporal variability.

The previous sections mainly elaborated on the effects of daylight on psychological effects,
however nature also plays a big role in health and well-being. The following sections will elaborate

more on the restorative effects of nature.

1.2. Stress and restorative effects of nature

An increasing number of studies did research in the area of beneficial effects of natural
environments. It has been argued that viewing nature positively influences one’s mental health such as
feelings of stress, mental fatigue and anxiety (Beute & de Kort, 2014, 2018; Groenewegen, van den
Berg, Maas, Verheij, & de Vries, 2012). Two theories in the area of environmental psychology, the
Psycho-Evolutionary Theory and the Attention Restoration Theory, have attempted to explain the
effect of natural environments on stress restoration. This section explains the important concepts
behind the restorative quality of nature and describes the restorative psychological and physiological

effects of natural environments.

1.2.1. Psycho-Evolutionary Theory & Attention Restoration Theory

The Psycho-Evolutionary Theory of Ulrich (1983) is also called the Stress Recovery Theory
(SRT). The theory is based on evolutionary insights that there is a preference for natural environments
since those environments provide a higher chance of survival. Additionally, the theory proposes that
unthreatening natural environments elicit unconscious emotional and physiological arousal responses.
SRT posits that immediate positive affective responses to nature lead to stress restoration (Ulrich,
1993). Those adaptive responses can be positive or negative emotions which are fundamental for the
psychological component of stress and stress restoration (Ulrich et al., 1991).

The Attention Restoration Theory suggests that exposure to a natural environment provides
replenishment of attention which results in the reduction of mental fatigue and improvement of
concentration (Kaplan & Kaplan, 1989; Kaplan, 1995). The term ‘voluntary attention’ or ‘directed
attention’ plays a central role in this theory, and means that mental effort is necessary in order to be

able to focus on a task (Kaplan & Kaplan, 1989). This prolonged mental effort can lead to directed
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attention fatigue which results in mental fatigue. Recovery from directed attention fatigue is possible
by paying attention in a way that does not require effort and does not result in fatigue, called
involuntary attention. This involuntary attention might give directed attention some rest. The term
involuntary attention is also known as soft fascination (Kaplan, 1995). ‘Restorative experiences’ or
‘restorative environments’ allow for involuntary attention to occur which reduces the fatigue from
prolonged directed attention (Kaplan & Kaplan, 1989).

According to ART, an environment can be perceived as restorative when it contains the
following components: a feeling of being away, extent, compatibility, and fascination (Kaplan, 1995).
To elaborate, a feeling of being away gives people rest from mental activity which requires directed
attention. The environment should also have extent. This means that the environment should have
enough features to be perceived as a coherent and rich environment, but it should not have too many
stimuli. The last component in order for an environment to be restorative is that there should be
compatibility between the environment and the user. What the user wants and needs should be
compatible with the environment (Kaplan, 1995)

In a study investigating the positive effects of exposure to nature, Ulrich (1984) found
empirical evidence for stress recovery. Patients in a hospital with a view towards nature had more
favorable recovery times compared to patients who looked out on a brick building wall. This indicates
that patients who looked at a natural setting had for example a shorter length of stay, needed less pain
medicines and/or had better evaluations by nurses (Ulrich, 1984). These results show that access to a
natural view has restorative effects on patients in a hospital.

Empirical evidence for ART was found by Berto (2005) who investigated whether exposure
to natural environments facilitated recovery from mental fatigue. The participants performed a
sustained attention test that caused mental fatigue. Subsequently, photographs of restorative
environments (e.g., natural environments), nonrestorative environments (e.g., urban environments) or
geometrical patterns were shown after which another sustained attention test was performed. Results
showed that photographs of natural environments were rated as more restorative compared to urban
environments, and that restorative environments facilitated recovery from mental fatigue (Berto,
2005).

For both SRT and ART, the mechanism behind the theories are still investigated. A
framework was proposed by Kaplan (1995) where both SRT and ART were integrated. Both theories
agree on the beneficial and restorative effects of nature, but the usefulness of the attentional concept
has been questioned by Ulrich et al. (1991). The integrative framework shows that the stress-related
and the attentional components are intertwined (Kaplan, 1995). Although both theories have some

points of criticism, both theories agree that natural elements have stress restorative properties.
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1.2.2. Restorative psychological and physiological effects of natural environments

Natural environments have been consistently shown to be perceived as restorative
environments (Berto, 2005; Ulrich, 1984). Nordh & @stby (2013) investigated the components a
public park should have in order for psychological restoration to take place. Results of the study
revealed that participants evaluated a natural environment with grass, flower, plants, and water as
potentially being more restorative than environments with lack of vegetation. In a study investigating
the perceived restorativeness of three environments (e.g., urban, combined/mixed, and natural),
Nikunen & Korpela (2012) showed that natural scenes have higher restorative qualities compared to
environments with urban elements. Both studies of Nikunen & Korpela (2012), and Nordh & Ostby
(2013) measured restorativeness with self-report measurements. Although these studies provide
promising results, research with physiological measurements are more reliable since it concerns
objective measurements. Therefore, many studies have focused on research with both self-report
measures and physiological measures (e.g., Chang & Chen, 2005; Huang, Yang, Jane, Li, & Bauer,
2020; Ulrich et al., 1991).

Ulrich and colleagues (1991) investigated stress recovery during exposure to natural and
urban environments. The findings showed that people who were exposed to a natural environment
after watching a stressful movie recovered faster from stress compared to people who were exposed to
an urban environment (Ulrich et al., 1991). Stress recovery was measured by changes in skin
conductance response (SCR). Numbers of studies have used this type of physiological measurement
for stress recovery since it is an unbiased measurement of arousal of the autonomic nervous system
(Alvarsson, Wiens, & Nilsson, 2010; Huang et al., 2020; Ulrich et al., 1991).

In a study investigating different types of environments on stress reduction measured by skin
conductance, Huang et al. (2020) found results that are in line with Ulrich's (1983) theory of
restorative responses to nature. The study examined whether a courtyard with trees, grass or concrete
presented in a virtual reality environment differed in restorative effects. In order to find restorative
effects, stress was induced with a math task while listening to noise. After the increase in stress,
participants were exposed to either the tree, grass, or concrete virtual environment. Skin conductance
measurements suggested that both the tree and grass environments are important for stress restoration
(Huang et al., 2020).

Chang & Chen (2005) investigated human responses to window views and indoor plants in
the workplace with self-report measures and psychophysiological responses (e.g., EMG, EEG, and
BVP). The experiment simulated the office environment with different conditions; with or without
windows, with a view on the city or on nature, and with or without indoor plants. Results showed that
participants were less nervous or anxious when they had a view on nature and/or when the office
featured indoor plants (Chang & Chen, 2005). The view on nature might also positively influence
stress restoration since stress becomes evident through symptoms of anxiety (Ivars & Calatayud,

2001).
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Both psychological and physiological effects of natural environments have been investigated
in previous research. However, the concept of restorative environments can be elaborated more by
specifying the visual characteristics of restorative environments. The following section will define the

elements that make an environment restorative.

1.3. Visual characteristics of restorative environments

Numerous studies have investigated the restorative psychological and physiological effects of
natural environments (e.g., Berto, 2005; Huang et al., 2020; Ulrich, 1984). Although these studies
confirm the beneficial effects of natural environments, it remains unclear which visual characteristics
contribute to restorative environments. According to ART, an environment can be perceived as
restorative when it contains the following components: a feeling of being away, extent, compatibility,
and fascination (Kaplan, 1995). Fascination derives from processes (e.g., gambling) or contents (e.g.,
seeing a wild animal) which can vary along a ‘soft-hard’ dimension. Soft fascination requires no
effort and provides an opportunity to reflect. The opportunity to reflect enhances recovery from
directed attention fatigue (Kaplan & Kaplan, 1989; Kaplan, 1995). Many elements in nature provide
soft fascination. On the other hand, hard fascination attracts attention with highly stimulating activity
which gives no opportunity to reflect, such as watching a car racing. According to van den Berg, Joye,
& Koole (2016), visual complexity is a visual characteristic that potentially activates fascination
which is important for the replenishment of directed attention.

Visual characteristics of an environment influence how interesting and favorable the
environment is perceived. Complexity is a visual property that has often been studied in research
focusing on nature and daylight (Abboushi et al., 2019; Lemmens et al., 2022; Ulrich, 1983). In a
study investigating the effect of visual patterns on human perceptual responses, Abboushi et al. (2019)
revealed that patterns with a certain complexity were more visually interesting compared to patterns
with other levels of complexity. Additionally, the extent to which an environment has nature elements
also influences subjective perceptions (Huang et al., 2020; Nordh & Ostby, 2013). Complexity is
often confounded with naturalness since natural elements have certain complexity. To elaborate,
natural environments with rich vegetation are fairly complex, while urban environments without
vegetation are less complex (Van Den Berg et al., 2016). The next paragraphs will elaborate more on

complexity and association with nature.

1.3.1. Complexity

Both SRT by Ulrich (1983) and ART by Kaplan & Kaplan (1989) mention complexity as an
important visual property of a restorative environment. Van Den Berg et al. (2016) support this by
suggesting that complexity plays an important role in the restorative potential of natural scenes.

Numerous studies have focused on the role of complexity in the effect of fractal patterns on subjective
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perceptions (Abboushi et al., 2019; Smith et al., 2020; Taylor, 2006). Fractal patterns are shapes that
under any magnification scale illustrate the same shape. Examples of fractal patterns are trees,
mountains, rivers, clouds and lightning (Abboushi et al., 2019). Multiple researchers argue that the
positive effects of natural scenes can be explained by these fractal patterns which are common in
natural scenes (Abboushi et al., 2019; Joye, 2007; Purcell, Peron, & Berto, 2001).

Visual complexity of fractal patterns are characterized by the fractal dimension (D) (Abboushi
& Elzeyadi, 2018). Fractal light patterns of medium to medium-high complexity are more visually
interesting compared to patterns with other levels of complexity (Abboushi et al., 2019). Furthermore,
Chamilothori et al. (2022) investigated the effect of fagade geometry and daylight pattern geometry on
occupants’ perception. The results showed that more complex fagade geometries were evaluated as
more exciting and more interesting, which is in line with previous research done on the effect of
facade geometry on occupants’ subjective evaluations (Abboushi et al., 2019; Chamilothori et al.,
2019). In summary, previous research shows that complexity is an important visual characteristic of

natural environments which influences how an environment is perceived.

1.3.2. Association with nature

Naturalness can be interpreted in many different ways, such as the comparison between
natural environments and urban environments, or the comparison between natural daylight and
artificial light. In a study investigating environmental preference, van den Berg and colleagues (2003)
found that natural scenes including vegetation and/or water received higher naturalness and
preference ratings compared to urban scenes in a city center. The comparison between natural
daylight and artificial daylight was investigated in a research of Haans (2014). Results revealed that
daylight was perceived as more natural compared to electrical light. The common point between these
seemingly different studies, is the association with nature since both daylight and natural elements
occur in nature. To avoid confusion in this thesis, naturalness will be used as how much the stimuli
are associated with nature. As mentioned in an extensive review by Joye (2007), individuals have an
emotional relation with elements that are associated with nature, and interaction with it is assumed to
be good for one’s psychological and physiological health.

Research showed that there is a significant correlation between association with nature and
self-rated restoration. In a study investigating the relationship between naturalness and students’
restoration and health, Liu and colleagues (2018) carried out their research at eight universities.
Students located in green areas at the campus filled in a questionnaire about their subjective
evaluations on association with nature and restoration. Results showed that there is a significant
correlation between association with nature and self-rated restoration (Liu et al., 2018). These results
are supported by Carrus et al. (2014) who investigated the relation between association with nature

and restoration in shaping evaluations of different urban and natural environments. The results
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showed that perceived restoration is the highest in green spaces, and increases with a higher level of
association with nature.

Many research has also focused on association with nature and preference (Coburn et al.,
2019; Ode, Fry, Tveit, Messager, & Miller, 2009). Coburn et al. (2019) investigated psychological
responses to natural patterns in architecture. A distinction was made between naturalistic qualities and
artificial qualities in architectural scenes. The results showed that naturalistic qualities of buildings,
such as deep level of scale and contrast, positively influenced individuals’ preference.

While Coburn et al. (2019) focus on architectural scenes, Ode and colleagues (2009) focus on
association with nature and preferences in landscapes. The relationship between different landscape
indicators of naturalness and preference was explored. The visual indicators used with respect to
naturalness are level of succession, shape index of edges, and number of woodland patches. To
elaborate, level of succession indicates the amount of vegetation, where higher level of succession
means more vegetation. The shape index of edges is specified by the extent to which the landscape
contains complex shapes or geometric shapes. Lastly, number of woodland patches indicates the size
and amount of shapes in the landscape. A high shape index of edges reflects many small shapes,
whereas a low shape index of edges reflects a few big shapes. Multiple computer generated
visualizations of landscapes with different values of the three different visual indicators of naturalness
were shown to participants via an online survey. Results revealed a strong relationship with
preference for both the level of succession and number of woodland patches, and a weaker
relationship with shape index of edges (Ode et al., 2009). Landscapes with low levels of succession
were least preferred, which indicates that images with more vegetation, thus with a higher association
with nature, were preferred over images with less vegetation. Additionally, landscapes with few big
shapes had a higher preference score compared to landscapes with many small shapes. Thus, large
forests were preferred, which is in line with the previous statement that images with high level of
succession (e.g., lots of vegetation) were more preferred. These results imply that level of succession
and number of woodland patches are high in association with nature and influence preference ratings.

Numerous research has been done on visual indicators of association with nature, and the
influence of association with nature on restoration (e.g., Coburn et al., 2019; Liu et al., 2018; van den
Berg et al., 2003). As stated earlier, complexity is often confounded with naturalness since natural
elements have certain complexity. Light and nature come together in the form of daylight shining
through trees. The pattern of leaves on the ground is called dappled light and is assumed to be highly
associated with nature, and has some degree of complexity. The following section will elaborate more

on dappled light and its potential for stress restoration.

1.4. Dappled light as a possible source of stress restoration
Nature and daylight both impact individuals’ health and well-being. According to Ulrich
(2008) daylight might enhance the positive effects of nature on health. A source containing both
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aspects of nature and daylight is dappled light. Dappled light is defined as sunlight falling through a
tree canopy which creates a dappled shadow pattern (Matchette et al., 2018). An example of a dappled
light pattern in a natural environment is presented in Figure 2. Dappled light patterns differ in size and
consist of irregular patches on the ground (Fajkus, 2011). The resulting shadow patterns inherit some
visual properties from the tree canopy such as fractal complexity. Multiple studies have shown
positive effects of fractal patterns containing fractal complexity on subjective evaluations and
participants’ restoration (e.g., Abboushi et al., 2019; Chamilothori et al., 2019). Since dappled light
patterns have a certain degree of complexity, research in the field of dappled light patterns might be a

promising field.

Figure 2 — Dappled light pattern. Courtesy of Steven Holl Architects/Susan Wides (Abboushi et al.,
2019)

In addition to fractal complexity, dappled light patterns are highly associated with nature and
provide direct connection with nature (Fajkus, 2011). As numerous studies already revealed, nature is
beneficial for one’s psychological and physiological health (e.g., Berto, 2005; Huang et al., 2020;
Ulrich, 1984). Therefore, dappled light patterns might be a potential source for stress restoration.

Furthermore, dappled light patterns move over time due to wind. The movement of the
patterns is called the temporal variability, as previously mentioned in Section 1.1.2. The motion of the
leaves in the breeze are a potential source of fascination which is an important element needed for
restoration (Kaplan, 1995). Temporal variability of dappled light has been scarcely investigated, while
this is an important factor that causes emotional appeal to the pattern (Houser, 2018). To conclude,
dappled light patterns are complex, associated with nature, and their temporal variability is a potential
source of fascination. Due to these characteristics which has been proven by e.g., Carrus et al., (2014)
and Chamilothori et al. (2019) to be important, it is likely that a dappled light pattern is a possible
source of stress restoration. The implementation of dappled light patterns in indoor environments

might potentially result similar positive health effects that nature and daylight provide.
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1.5 Aim and hypotheses

The findings that characteristics of nature and daylight positively influence individuals’ health
and wellbeing might be applicable in indoor environments (e.g., Chamilothori et al., 2019, 2022;
Huang et al., 2020; Ulrich, 1984). In the workplace, it can be useful to reduce stress among employees
as individuals experience a great amount of stress (Kinman & Jones, 2005). Therefore, it is useful to
bring the aspects of nature and daylight inside by projecting dappled light patterns indoors. This
research investigates dappled light patterns and their temporal variability since both dappled patterns
and the influence of temporal variability is scarcely investigated, and might be interesting for the
application of dappled light indoors. For the static dappled light pattern a frame was chosen of the
video used for the dynamic dappled light pattern. Both the static dappled light pattern, as the dynamic
dappled light pattern will be compared with the control condition, which is uniformly distributed
light. This is necessary in order to determine whether the dappled light pattern truly had an effect. The
aim of this research is to investigate the effect of artificial dappled light on stress restoration and

association with nature. Therefore, the main research question is:

“What is the effect of projected dappled light patterns on association with nature and stress

restoration?”’

Numerous studies have focused on the effect of association with nature on self-rated
restoration (e.g., Carrus et al., 2014; Q. Liu et al., 2018). Results have shown that there is a significant
correlation between association with nature and self-rated restoration. Therefore, this research
investigates the extent to which the chosen stimulus, dappled light pattern, is associated with nature.
The expectation is that the static and dynamic dappled light pattern are more associated with nature
than the uniformly distributed light. Additionally, this hypothesis tests whether the temporal
variability of the dappled light pattern effects the association with nature. The following hypothesis
and sub-hypotheses are tested:

H1: There is an effect of lighting condition on association with nature
- Hla: Static projected dappled light is more associated with nature compared to uniformly
distributed projected light
- HIb: Dynamic projected dappled light is more associated with nature compared to uniformly
distributed light
- Hlc: Dynamic projected dappled light is more associated with nature compared to static

projected dappled light

In research regarding light patterns and stress restoration, Chamilothori et al. (2019) found

that irregular patterns decrease heart rate which suggests stress recovery. Dappled light patterns might
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be comparable to the irregular pattern since dappled light patterns show irregular patches.
Additionally, Lemmens et al. (2022) investigated the effect of dappled light patterns on preference
and psychological restoration. The study showed promising results regarding the preference of the
moving dappled light pattern, however this research did not find differences in stress restoration
between the condition showing no pattern, the static dappled light pattern, and the dynamic dappled
light pattern. However, this study was performed online and did not use physiological measurement.
A similar research in a real indoor environment including physiological measures might show
differences in lighting conditions and might generalize the findings to actual lighting conditions.
Therefore, this study measures subjective and physiological responses of stress restoration. Tense
arousal was measured as an indication for stress restoration. Tense arousal is associated with stress
because it is assumed to be a preparatory reaction to real or imagined danger (Robert E. Thayer,
1986). Moreover, subjective energetic arousal was measured and compared between the three

conditions. The following three hypotheses and sub-hypotheses are tested in this study:

H?2: There is an effect of lighting condition on subjective tense arousal during the recovery period
- H2a: Subjective tense arousal will be greater for static projected dappled light compared to
uniformly distributed projected light during the recovery period
- H2b: Subjective tense arousal will be greater for dynamic projected dappled light compared
to uniformly distributed projected light during the recovery period
- H2c: Subjective tense arousal will be greater for dynamic projected dappled light compared
to static projected dappled light during the recovery period

H3: There is an effect of lighting condition on subjective energetic arousal during the recovery period
- H3a: Subjective energetic arousal will be greater for static projected dappled light compared
to uniformly distributed projected light during the recovery period
- H3b: Subjective energetic arousal will be greater for dynamic projected dappled light
compared to uniformly distributed projected light during the recovery period
- H3c: Subjective energetic arousal will be greater for dynamic projected dappled light
compared to static projected dappled light during the recovery period

H4: There is an effect of lighting condition on physiological stress during the recovery period
- H4a: Physiological stress during the recovery period will be greater for static projected
dappled light compared to uniformly distributed projected light.
- H4b: Physiological stress during the recovery period will be greater for dynamic projected
dappled light compared to uniformly distributed projected light
- H4c: Physiological stress during the recovery period will be greater for dynamic projected
dappled light compared to static projected dappled light
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In the current research, association with nature is manipulated by using three different stimuli:
uniformly distributed light, static dappled light, and dynamic dappled light. The dappled light patterns
are directly derived from nature which potentially result in higher association with nature compared to
the uniformly distributed light. Since research found that higher association with nature resulted in
higher stress restoration (e.g., Carrus et al., 2014; Q. Liu et al., 2018), and the three conditions most
likely differ in association with nature, it is expected that association with nature mediates the effect
of stress restoration on association with nature. If this research does not find an effect of stress

restoration on association with nature, the following hypothesis will not be tested:

H5: Physiological stress restoration is mediated by association with nature

An overview of the hypotheses are visualized in a conceptual model in Figure 3.

Independent variable Mediator Dependent variables

Association with
nature

H1 & H5 H3
Lighting condition A Ph}'siologicgl
stress restoration
H4
m Subjective tense
arousal
H3 Subjective

energetic arousal

Figure 3 - Conceptual model with the hypotheses
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2. Method

2.1. Design

This research aims to investigate whether there is an effect of the projected light condition on
stress recovery in a work environment. In order to do that, light distribution on a wall was
manipulated as the between subject condition. The reason for a between-subject study is to avoid
responses that are affected by conditions that participants have previously been exposed to.
Additionally, with a between-subject design the optimal performance from the stressor task was
obtained. The experiment has three conditions: a control condition, a static dappled light pattern
condition, and a dynamic dappled light pattern condition. These conditions are thoroughly described
in Section 1.5. During the experiment, participants were exposed to one of the three conditions. Only
one participants per timeslot could participate. The independent variable in this study is the projected
light and the dependent variables are subjective stress recovery, physiological stress recovery, and
perceived naturalness of the pattern. This thesis is part of a combined experiment that investigates the
effect of projected dappled light patterns on gaze behavior in a real work environment. The measures

and findings regarding gaze behavior are reported in Wahlen (2022)

2.2. Participants

As a result of the sensitivity and feasibility analysis (see Section 2.9) a sample size of 75 was
required for this experiment of which 25 participants in each condition. The participants were
recruited through personal invites and the JFS Participant Database. Participants needed to fulfill the
following eligibility criteria: speaking fluent English, not using medication other than oral
contraceptives, having no hearing problems and no vision problems (only corrected vision with
contact lenses was accepted, glasses were not accepted since participants needed to wear an eye-
tracking device during the experiment), no reading problems (dyslexia), and no heart conditions. The
participant should not have any heart conditions because of the stressor task used in this experiment.
Additionally, only participants with an age between 18 and 50 years were selected. The threshold of
50 years old was selected to minimize the occurrence of presbyopia (Briickner, 1967).

The final sample of the study consisted of 73 participants of which 23 were male and 50 were
female. The age of the participants ranges from 18 to 48 years (M = 22.19 years, SD = 3.97). The
demographic information for each condition can be seen in Table 1. The participants were paid €10
(plus an additional €2 if they did not study or work at the TU/e or Fontys Eindhoven) in exchange for

their time. Participants were randomly assigned to one of the three conditions.
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Table 1 - Demographic information for each condition
S ‘ .

Variable Control Static Dynamic Total

Age (years) 23 £5.65 21.44+2.68 22.17+2.94 22.19+3.97

Gender [n (%)] Male 7(29.17) 7 (28.00) 9(37.30) 23 (31.51)
Female 17 (70.83) 18 (72.00) 15 (62.50) 50 (68.49)

2.3. Stressor task

In order to increase participants’ level of stress during the experiment the Sing-a-Song Stress
Test (SSST) was performed (Brouwer, Hogervorst, Gjedde, & Kitlinska, 2014). The SSST has often
been used (W. Liu, Tan, & Huang, 2006; van der Mee, Duivestein, Gevonden, Westerink, & de Geus,
2020) and the effectiveness of the stressor has been confirmed by previous research, showing a
heightened heart rate and skin conductance (Brouwer et al., 2014). The original stressor task consists
of nine neutral phrases on a screen, interleaved with 1 minute time intervals. The tenth message shows
that the participant needs to sing a song when the counter reaches zero. The nine phrases should not
elicit any stress or emotions according to Brouwer et al. (2014), therefore phrases from the Dutch
Wikipedia site about vacuums were chosen. An example of a neutral sentence used: “A vacuum is a
device that sucks dust and other small particles”.

During the experiment two confederates need to be present which makes it labor intensive.
Besides the labor intensiveness, the experiment takes ~15 minutes which is quite long. Due to these
reasons the current experiment made use of a shortened SSST which takes ~6.5 minutes and does not
include confederates (van der Mee et al., 2020). In this version no physical presence of confederates
were involved, but it was mentioned that audio and video recordings would be made and would be
shared with an audience of music professionals. However, this was not used in this research due to
ethical reasons. The pilot study revealed that participants thought it was a mistake that the video
recorder was standing in the room since the informed consent (see Appendix A) mentioned that no
recordings would be made. No video recordings could be made since this would be in conflict with
the rules of the Ethical Review Board. In the short SSST, the read-only conditions were reduced from
nine to three. The first two messages were to read a neutral phrase, the third message was an
instruction to say the word “vacuum” twice when the counter reached 0, this was followed with a
message to read a neutral phrase again and finally the message to sing a song appeared. The set-up of
the shortened SSST can be seen in Figure 4 and in Appendix B the formulation of the instructions can
be found. The instruction to read the word out loud was implemented in this version to avoid that
participants started to sing before the countdown reached zero (van der Mee et al., 2020). With this

practice round this mistake was reduced according to van der Mee et al. (2020).
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Figure 4 - Set-up of the shortened Sing-a-Song Stress Test

2.4. Measures

2.4.1. Subjective measures

Perceived stress was measured throughout the experiment by the validated scale of the
shortened Activation-Deactivation Adjective Check List (AD-ACL) of Thayer (1986). This subjective
measure is a multidimensional self-rating test and is a validated method for assessing momentary
activation or arousal states (Thayer, 1986). The two core dimensions of AD-ACL are energetic
arousal and tense arousal. Stress is associated with tense arousal because it is assumed to be a
preparatory reaction to real or imagined danger (Thayer, 1986). The 10 adjectives used in the AD-
ACL belong either to the subscale energetic or tension. The subscale adjectives are as follows:
energetic (active, energetic, vigorous, lively, full-of-pep); tension (jittery, intense, fearful, clutched-
up, tense). The adjectives were shown with Dutch translation to make it more comprehensible to
Dutch participants. A four point rating scale was used with the following response alternatives:
“Definitely feel”, “Feel slightly”, “Do not feel” and “Definitely do not feel”. See Table 2 for the items
including the Dutch translations and the answers of the AD-ACL questionnaire. The AD-ACL was
administered four times during the experiment, of which the first time was asked on a paper sheet and
the following three times were administered via Eprime (see Section 2.6) for the description of
Eprime). The four measurements were administered at the following moments: after the baseline,
before the stressor task, after the stressor task & after the recovery period (see Figure 11). The AD-
ACL is an easy and rapid assessment of 10 to 60 seconds which made it feasible to administer this
subjective measure four times. Averages of each subscale were calculated in order to determine how
high participants’ perceived stress was. Furthermore, the difference scores of the third and fourth
measurement moment was calculated for restoration analyses.

The extent to which the pattern was associated with nature was measured with a single-item
scale. Participants were asked how much they agreed with the statement. The statement “The
projected light reminds me of nature.” was scored with an 11-point Likert scale ranging from 0 (Not
at all) to 10 (Very much). This question was designed by Van Rietschoten, Chamilothori, & De Kort
(2020).



Furthermore, questions regarding the evaluation of how pleasant, fascinating, interesting,

distracting, exciting, relaxing, complex, and attention grabbing the light pattern was were asked in

random order. These questions were based on the research of Lemmens et al. (2022) and are presented

in Appendix C. For exploratory purposes that would inform further studies, the two other conditions

were shown briefly at the end of the experiments and the same questions were randomly asked to

evaluate those conditions.

Participants were also asked to answer demographic questions regarding gender and age (see

Appendix C). The questions regarding the evaluation of the pattern and the demographic questions

were asked in the program Limesurvey (see Section 2.6).

Table 2 - Summary of subjective measures

Concept

Item

Answer

AD-ACL

Active (actief)

Jittery/Nervous (nerveus)

Energetic (energiek)

Intense (heftig)

Vigorous/Full of energy (krachtig)

Fearful (angstig)

Lively (levendig)

Clutched-up/Anxious (verward)

Full-of-pep/Animated (opgewekt)

Tense (gespannen)

Definitely feel, Feel slightly, Cannot
decide, Definitely do not feel
Definitely feel, Feel slightly, Cannot
decide, Definitely do not feel
Definitely feel, Feel slightly, Cannot
decide, Definitely do not feel
Definitely feel, Feel slightly, Cannot
decide, Definitely do not feel
Definitely feel, Feel slightly, Cannot
decide, Definitely do not feel
Definitely feel, Feel slightly, Cannot
decide, Definitely do not feel
Definitely feel, Feel slightly, Cannot
decide, Definitely do not feel
Definitely feel, Feel slightly, Cannot
decide, Definitely do not feel
Definitely feel, Feel slightly, Cannot
decide, Definitely do not feel
Definitely feel, Feel slightly, Cannot
decide, Definitely do not feel

Association with

nature

The projected light reminds me of

nature.

0 — 10 Likert scale
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2.4.2. Physiological measures

This study focuses on measures of electrodermal activity, also referred to as skin conductance
response (SCR). Skin conductance was measured continuously by a Mobi8 device (see Section 2.6)
which was connected to GSR electrodes. Skin conductance was measured on the nondominant hand
by placing the electrodes to the soft side of the intermediate phalange of the index and middle finger.
During the experiment, a tissue paper was placed on the nondominant hand in order to minimize hand
movements, see Figure 9 in Section 2.5. This was based on research of Figner & Murphy (2011) who
used a blanket to avoid signal artifacts which may arise from hand movements. Prior to the exposure
to the condition, baseline measurements of five minutes were recorded in the baseline room shown in
Figure 8 in Section 2.5. This was done because it was necessary to record baseline measurements in a
neutral scene, thus not in the experiment room with the stimuli shown.

In order to derive the average skin conductance levels (SCL) from the data at different
moments during the experiment, five markers were placed during the experiment. These markers
represent the following events: start baseline measurement, end baseline measurement, start stressor
task, end stressor task, end recovery period. Multiple Matlab codes were written in order to obtain the
average SCL during certain events. First, a Matlab code was written to verify the amount of markers
and to down sample and smoothen the data. See Appendix D for the Matlab code. This code saves the
file as a Ledalab native file, this means that the file can be opened in Ledalab V.3.4.9, a Matlab-based
software. An example of the raw SC data of a participant can be seen in Figure 5. After inspection of
the SCL and markers for each participant another Matlab script was written. This script separated the
phasic and tonic components which can be found in Appendix E. The tonic components reflect the
general arousal while the phasic components reflect the fast variation and thus a response to a specific
stimuli (Scavone, Kadziolka, & Miller, 2020). For the present study, tonic components were used
because non-specific responses, responses to mental events, were of importance. The separation of the
phasic and tonic components can be seen in Figure 6. Lastly, two Matlab scripts were written to
estimate the average SCL during certain periods of time. The scripts to estimate the average SCL is
shared in Appendix F and G. Four moments in particular were of importance. The times that are
included in the analyses are skin conductance level (SCL) during the baseline (T0), before the stressor
task (T1), during the stressor task (T2), and during the recovery period (T3). The calculation of SCL
during the baseline was done by taking the average SCL of the five minutes during the baseline
measurement. For the SCL before the stressor task, the average SCL of five minutes before the start of
the stressor task was calculated. The SCL averaged over the one minute block after the participants
received the message to sing a song was used for SCL during the stressor task. The last important
moment is SCL during the recovery period of five minutes which was calculated by taking the
average of the five minutes. Additionally, the average of each minute during the recovery period was

calculated.
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After inspection of the skin conductance data some participants missed markers which
resulted in unknown SCL during certain periods. Therefore five participants were removed from the
SC analysis. The removal of those cases resulted in a dataset of 68 participants for the physiological

responses, out of the initial sample of 73.
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Figure 5 - SCL of a participant. The red lines represent the markers
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Figure 6 - Separation of phasic (blue) and tonic (gray) components for the same participant shown in

Figure 5

2.5. Experimental Setting

The experiment was conducted in the Lighting Lab in the Atlas building of Eindhoven
University of Technology. The floor plan of the lighting lab is presented in Figure 7. As can be seen
from Figure 7, the room in which the baseline measurements (Figure 8) and the experiment (Figure 9)
took place was separated with a curtain. The curtain was used to prevent exposure to the stimulus
during the baseline measurements. The room where the experimental conditions took place was
designed as a single-person office environment. Participants were seated at a table with a laptop on
which they received instructions, performed the stress task, and filled in the self-report measures. The
device for taking physiological recordings (see Section 2.6) was as well placed on the table. The
stimuli were projected on the right wall because the sensor of the eye-tracker was on the right side. To
increase the accuracy of the eye-tracker, the stimuli was projected on the right wall. Furthermore, the

windows were covered by a curtain to prevent the confounding effect of daylight and view access. For
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the baseline measurements, participants were seated at a table that faced towards the wall. On the
table, there was an instruction sheet about the placement of the EMG electrodes, tissues to place over

the hand to minimize hand movement, and a device for taking physiological recordings.

Control room
Lighting lab

Entrance

Baseline
measurements

Figure 7 - Floor plan of the lighting lab

Figure 8 - Room used for baseline measurements Figure 9 - Room used for the experiment

2.6. Equipment and software

The projector used in this study was the NEC WT610 projector. The projector had a contrast
value of 85 and a brightness value of 50. Additionally, the gamma setting of the projector was set to
‘Natural’ and the position of the projector was 50 cm from the right wall.

Skin conductance level (SCL) was measured continuously throughout each experimental

session. Heart rate (HR) and gaze behavior were also measured but are reported in Wahlen (2022).
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Physiological measures of HR and SCL were measured continuously by a Mobi8 device that was
connected to EMG and GSR electrodes. The cable of the GSR electrodes was connected to one of the
auxiliary inputs of the Mobi8 device. See Figure 8 and 9 for the Mobi8 device on the desk. Skin
conductance was collected with a sampling rate of 2048 measurements per second.

During the experiment two software programs were used on a HP zbook laptop, E-Prime 3.0
and Limesurvey. E-Prime 3.0 (Psychology Software Tools, Pittsburgh, PA) is a software that is used
for designing and running psychology lab experiments. This software was used for presenting three
conventional office tasks that were used to examine differences in gaze behavior, and are reported in
Wabhlen (2022). Furthermore, the AD-ACL questionnaire was asked three times and the stressor task
was programmed in E-Prime. The notification that participants needed to relax, the recovery period,
was also shown in E-Prime. Another software used in this experiment is Limesurvey. This is an open
source web application for surveys. The questions asked in Limesurvey are shared in Appendix C.

The temperature of the air conditioning in this office environment was set to 21.5 °C. In the
experiment room Philips Savio lighting (TCS760/762C) was used with an illuminance level of 150
lux and a color temperature of 3500 Kelvin. These values were chosen since the lighting was similar
to the lighting in an office and the projection was best visible with these values. The horizontal and
vertical illuminance were measured in the baseline area and in the experiment area on a desk with an
height of 0.76 m using a UPRtek MK350D spectrometer. The horizontal illuminance on desk of the
baseline area was 329.4 lux and the vertical illuminance was 133.7 lux at a height of 0.76 m, while for
the experiment area the horizontal illuminance was 582.5 lux and the vertical illuminance was 329.4
lux. Additionally, luminance HDR measures were done with the Konica Minolta camera. This was
done to create HDR images to measure the luminance distribution in the experimental room. The
measurement points were the microphone on the left wall, the middle of the left wall, the left bottom
corner of the desk and the left bottom corner of the visual stimulus. The HDR image including details

is shown in Figure 10.

Figure 10 - HDR image
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2.7. Visual stimuli

Existing video material of a dappled light pattern (created by sunlight falling through leaves
of a tree) was available at Pond5* and was purchased for €37. The name of the video is “Willow3
With Linen1 Dappled Light Motion Background”, and has full HD quality (1920 x 1080 pixels). The
dynamic dappled light pattern is a short video of 30 seconds which was played on repeat during the
experiment. The video was perceived as a seamless loop since the first and last frame of the video
were similar. A frame of the dynamic dappled pattern video with temporal variability can be seen in
Table 1A. In order to determine the static dappled pattern, all frames of the video were extracted from
the video. Subsequently, the fractal dimension (D) of each frame was calculated. The single frame
that was closest to the average fractal dimension of all frames (D = 1.48) was chosen as the static
frame. This was done to prevent a confounding effect of complexity. The static frame with a fractal
dimension of 1.48 can be seen in Table 1B. Lastly, the control condition showed a grayscale image
with the same average luminance as the static dappled light pattern. This was determined by first
measuring the luminance of the projected image for gray images ranging from 0 to 255 RGB with
steps of 32 RGB in a fully dark room. From this data the minimum (1.67 cd/m2) and maximum
(134.20 cd/m2) luminance of the projector was determined. Subsequently, the luminance response
curve with a gamma correction value of 2.64 could be derived from this data. From the RGB values of
each pixel in the static dappled light pattern, the corresponding luminance was calculated using the
luminance response curve. The equation used to calculate the corresponding luminance is shown in
Appendix H. The grayscale image used has an RGB value of 140 which can be seen in Table 3C. The
stimuli in Table 3 were shown on the wall with the projector. The size of the stimuli was 170 x 97 cm

at a height of 78 cm from the floor.

1 https://www.pond5.com/stock-footage/item/86488546-willow3-linen1-dappled-light-motion-background
Retrieved on 12-07-2022
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Table 3 - Distributed light pattern per condition

A. Frame of dynamic dappled pattern

B. Static dappled pattern %
-~
C. Grayscale image (control condition) -

2.8. Procedure

This experimental study was approved by the Human Technology Interaction Ethical Review
Board. The experiment was conducted from April 26, 2022 to June 9, 2022. Each experimental
session took 55 minutes. At the beginning of each session, participants were asked to register
themselves in the JFS Participant Database, read information about the study and sign the informed
consent form (Appendix A). After consenting to participate in the study, participants were guided to
the room where the skin conductance during the baseline was measured. Here, instructions were given
on how to place the ECG and GSR electrodes that were connected to Mobi8. Once the sensors were
placed correctly, participants were asked to limit their hand movements and relax. From that moment,
the skin conductance was measured for five minutes.

After the baseline measurements participants were instructed to answer the AD-ACL
questionnaire. When participants finished the AD-ACL questionnaire, they were guided to the
experiment room and were instructed to bring the Mobi8 device with them. The stimulus was already
projected before the participant entered the room. In the experiment room, the participants were
seated and were instructed to place the Mobi8 device on the table and wear the eye tracker used in the

study of Wahlen (2022). After calibration of Pupil labs and the IMU sensor (both needed for the
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measurement of gaze behavior), E-Prime was started on the laptop on which participants received
instructions to perform certain tasks including the stressor task and filled in the self-report measures.
Participants were first asked to perform conventional office tasks of reading, thinking, and writing.
These tasks were used to examine differences in gaze behavior, and are reported in (Wahlen, 2022).
Afterwards, participants were instructed to answer the second AD-ACL questionnaire followed by the
stressor task. After the stressor task and after the five minutes recovery period, the third and fourth
AD-ACL questionnaires were asked. Subsequently, the sensors for physiological measurements and
the eye tracker were removed to make the last questionnaire more comfortable for the participants.
The final questionnaire was started in Limesurvey by the experimenter and participants were
instructed to answer the final questions about the projected light conditions. The two other lighting
conditions were shown to ask for participants’ subjective evaluations. When the experiment was
finished a debriefing was given to explain the goal of the research and to comfort the participants.
Participants were compensated with €10 for their participation. There is an addition of €2 travel

compensation for participants from outside of TU/e or Fontys Eindhoven.

|AD—ACL| |AD—ACLHAD—ACL||AD—ACL‘

) 1 1 |

Instructions Calibration eve
¥ ‘ ‘ Baseline and head tracker Stressor Waiting ‘ Final Debriefing
attaching measurement + task period questionnaire
SENSOrs three office tasks

Figure 11 - Timeline of procedure

2.9. Statistical Analysis

The sample size and the power of this study were calculated via the software G*power. A
priori power analysis showed that for a between-subjects design using one-way analysis of variance,
with a = .05 and 90% power, required a sample size of 75. The data analysis was done in StatalC 16.
Before the execution of the analyses, visual inspection of the data was done to examine whether
striking data points were present in the data set. Additionally, the data was checked for missing values
and outliers. Outliers were detected if the data points were three standard deviations from the mean.
Furthermore, the data was tested for normality with Shapiro-Wilk tests and the skewness and kurtosis
test before each analysis was done. If both showed p > .05, the variable was assumed to be normally
distributed. When normality was rejected non parametric tests were done.

The main analysis consists of testing the five hypotheses. The hypothesis that there is an

effect of lighting condition on association with nature (H1) was tested using the non-parametric test of
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a one-way analysis of variance (ANOVA), a Kruskal-Wallis test. The significance level o of 0.05 was
used for all analyses. If a main effect was found, post-hoc comparisons using Mann-Whitney tests
were used to examine whether there were significant differences between the lighting conditions.

Stress restoration was measured both with subjective responses and physiological responses.
Therefore, the effect of the projected dappled light conditions on stress restoration was tested for both
responses. As subjective measures of stress restoration were answered on four point scales, the five
scores for each subscale were averaged. The internal consistency of the subscales were tested with
Cronbach’s alpha. In order to test the hypothesis that there is an effect of lighting condition on
subjective tension arousal and subjective energetic arousal during the recovery (H2 & H3), Wilcoxon
signed-rank tests were done to examine whether the stressor task was effective. After this, one-way
analysis of variance (ANOVA) were done to test hypotheses two and three. The difference scores of
the third (post-stress) and fourth (post-recovery) measurement moments were calculated to do the
ANOVAs with.

For the physiological responses baseline checks were done in order to see whether the
randomization of participants were successful. This was done with the non-parametric Kruskal-Wallis
test. Besides the baseline checks, the effectiveness of the stressor was examined. This was done with a
paired t-test since the data was normally distributed. As there was data on the average of the five
minutes recovery period and the average of each separate minute during the five minutes recovery
period, tests were done to see whether SCL kept decreasing. A mixed effects repeated measures
model, also referred to as split-plot factorial analysis of variance, was performed. The lighting
condition (e.g., uniformly distributed light, static projected dappled light, and dynamic projected
dappled light) was the between-subjects variable and time (e.g., each minute during the recovery
period of five minutes) was the within-subjects variable. Results of this analysis revealed whether the
full recovery period of five minutes should be used. In order to test H4, difference scores of SCL
during the stressor task (T2) and SCL during the recovery period of five minutes (T3) were used in an
ANOVA to examine whether there was an effect of lighting condition on physiological stress during
the recovery period.

HS stated that stress restoration is mediated by association with nature. Following the
approach of Hayes & Preacher (2014) mediation effects were tested by first estimating the total effect
of the projected light pattern on stress restoration with a simple linear regression. Then, the direct
effects of projected light pattern on association with nature were estimated with a simple linear
regression. Subsequently, the direct effects between projected light pattern and stress restoration, and
association with nature and stress restoration was estimated with a multiple linear regression. Preacher
& Hayes (2008) bootstrap method using 5,000 bootstrapping samples were used to increase the power
and correct for not normally distributed variables.

Lastly, additional analyses were done in order to test whether interaction effects of lighting

condition and measurement moments might have influenced the results. Split-plot factorial analysis of



variance were done for perceived tense arousal, perceived energetic arousal, and physiological
responses. The correlation between subjective and physiological responses was investigated by

calculating the Spearman’s correlation coefficient between the variables (Spearman, 1987).
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3. Results

In the following sections, the results of the statistical analyses are presented. First we present
the analyses of the subjective responses are examined. Then, the physiological responses are

presented followed by the mediation analysis and additional analyses.

3.1 Subjective responses

The subjective responses of how much the projected light reminded the participants of nature
and how the participants rated their arousal on the Activation-Deactivation Adjective Check List (AD-
ACL) are of importance in this experiment. First, the subjective responses were tested for normality
with the Shapiro-Wilk test and the skewness and kurtosis test. In all lighting conditions association
with nature was not normally distributed, therefore non-parametric tests were used to determine
whether association with nature differed between the three lighting conditions. The AD-ACL
questionnaire consisted of two core dimensions, namely, energetic arousal and tense arousal. The
internal consistencies of these subscales were tested with Cronbach’s alpha and showed Cronbach’s o
scores between 0.56 and 0.91. Cronbach’s a scores of 0.70 and above are considered satisfactory
(Bland & Altman, 1997). Since only five scores are between 0.60 and 0.70 and one score below 0.60,
the subscales are seen as satisfactory. Normality was supported for energetic arousal at the four
measurement moments in all three lighting conditions, while normality was rejected for tense arousal
at all four measurement moments. For energetic arousal parametric tests were used while for tense
arousal non-parametric tests were used. Histograms of the subjective responses can be seen in
Appendix 1. Furthermore, descriptive statistics of the subjective responses are presented in Table 4,

and the calculated difference scores of post-stress and post-recovery are presented in Table 5.
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2 4
'g = § E g E 3 gz 2 3 2 = 2
g S o £ E EF £2 f§F % 2§ 5% z5¢
Variable &) = = 7 = = = =" ©u% ©wa =7 X 7 -
Association with Control 24 083 195 0 0 9 - 0.76  <0.0001 0.00 0.00 <0.0001
nature Static 25 592  3.05 7 0 10 - 0.91 0.03 0.26 0.05 0.08
Dynamic 24 8.88 1.39 9 4 10 - 0.69 <0.0001 0.001 0.002 <0.001
All conditions 73 522 4.00 7 0 10 - 0.92 <0.001 045 <0.0001 <0.0001
Tense arousal Baseline Control 23 1.64 0.55 1.6 1.0 32 0.63 092 0.06* 0.05 0.19 0.07*
Static 24 137 043 1.2 1.0 2.2 0.66 0.88 0.01 0.11 0.25 0.13*
Dynamic 24 169 0.62 1.6 1.0 2.8 0.76  0.93 0.10* 0.32 0.09 0.13*
All conditions 71 1.57 0.55 1.4 1.0 3.2 - 0.93 <0.001 0.01 0.95 0.04
Pre-stressor Control 24 176 0.71 1.6 1.0 34 0.80 090 0.03 0.06 0.81 0.15%*
Static 25 1.79 0.70 1.4 1.0 32 0.76 0091 0.03 0.15 0.36 0.20*
Dynamic 24 176  0.57 1.6 1.0 32 0.68 0095 0.25* 0.15 0.79 0.30*
All conditions 73 1.77  0.65 1.6 1.0 34 - 0.93 <0.001 0.01 0.60 0.05
Post-stressor ~ Control 24 1.84 0.61 1.8 1.0 32 0.62 096 0.37* 0.25 0.89 0.48*
Static 25 214 085 2.0 1.0 3.6 0.85 0091 0.03 0.84 0.00 0.01
Dynamic 24 196 0.61 1.8 1.0 32 0.68 0.96 0.47* 0.19 0.84 0.39*
All conditions 73 1.98 0.70 1.8 1.0 3.6 - 0.95 <0.01 0.12 0.02 0.03
Post-recovery Control 24 1.58 0.63 1.4 1.0 2.8 0.78 0.88 0.01 0.14 0.20 0.13*
Static 25 1.39 052 1.2 1.0 2.8 0.78 0.83 <0.001 0.01 0.26 0.03
Dynamic 24 145 044 1.4 1.0 2.4 0.56 0091 0.04 0.21 0.31 0.24*
All conditions 73 147 0.53 1.4 1.0 2.8 - 0.90 <0.0001 <0.01 0.81 0.02




Table 4 (continued) — Descriptive statistics
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e =

Variable S = = o = = s &% 58 Si1 #S 2z < A2 A
Energetic Baseline Control 23 262 073 26 12 36 08 096 051* 026 058  0.42%
arousal Static 23 242 079 26 1.0 36 08 097 076 050 026  0.39*
Dynamic 24 219 076 22 12 38 089 096 035% 046 036  047*

All conditions 70 241 077 25 10 38 - 097  0.06* 058 <001 0.0l

Pre-stressor  Control 24 260 060 26 1.6 38 072 098 0.79% 056 042  0.59*

Static 25 252 074 28 1.0 36 084 094 0.12% 022 026  022%

Dynamic 24 249 074 28 10 36 086 092 006* 006 079  0.14*

All conditions 73 254 069 28 10 38 - 097  0.05% 006 0.8  0.13*

Post-stressor  Control 24 28 062 28 18 40 081 099 0.10* 065 064  0.80*

Static 25 279 075 28 1.0 40 088 096 034* 010 067  021*

Dynamic 24 279 081 28 1.0 40 091 097 0.73* 058 070  0.79*

All conditions 73 2.80 072 28 1.0 40 - 098  0.52* 021 079  0.43*

Post-recovery Control 24 225 067 22 10 34 082 096 049% 097 009  020%

Static 25 195 079 18 1.0 36 08 093 0.0 045 014  022%

Dynamic 24 203 073 22 1.0 34 084 094 021* 098 004  0.12%

All conditions 73 2.07 073 22 10 36 - 096 002 081 _ 0.0001 _ <0.01

Notes: SD = Standard deviation, * normally distributed (p > .05)



Table 5 - Descriptive statistics of calculated difference scores of the third (post-stress) and fourth measurement moment (post-recovery)
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Variable S = = 7 = = = 5 Fa #E 25 F2i
A Post-stressor post-recovery Control 24 0.27 0.51 0.20 -0.80 1.60 0.96 0.40%* 0.44 0.15 0.22%*
tense arousal Static 25 0.74 0.69 0.80 -0.40 2.40 0.97 0.64* 0.21 0.81 0.41%*
Dynamic 24 0.51 0.56 0.40 -0.60 1.60 0.97 0.60* 0.42 0.91 0.71*
A Post-stressor post-recovery Control 24 0.58 0.59 0.70 -0.80 1.40 0.93 0.10* 0.12 0.84 0.25*
energetic arousal Static 25 0.84 0.64 0.60 0.00 2.40 0.93 0.08* 0.24 0.76 0.45%
Dynamic 24 0.77 0.55 0.80 -0.20 1.80 0.97 0.64* 0.78 0.28 0.51*

Notes: SD = Standard deviation, * normally distributed (p > .05)
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3.1.1 Association with nature

As reported in Table 4, associations with nature were quite weak for the control condition and
quite strong for the static, and particularly the dynamic condition. To determine whether association
with nature differed significantly across the three different lighting conditions a Kruskal-Wallis test
was performed. The test showed that there is a significant difference between the three different
lighting conditions, H(2) = 47.75, p <.001, *= .651.

Post-hoc Mann-Whitney tests were used to compare all pairs of groups. The dynamic
condition was higher in association with nature than both the static condition (U(N(25, 24) = 105, z =
-3.97, p <.001, » = .567) and the control condition (U(N(24, 24) =11, z=-5.89, p <.001, r = .850).
This shows that H1 “There is an effect of lighting condition on association with nature”, and the sub-
hypotheses are supported. Participants in the dynamic dappled light pattern (Mdn = 9) associated the
pattern more with nature compared to participants in the static dappled light pattern (Mdn = 7) or the
control condition (Mdn = 0). The distribution of the association with nature ratings is presented in a

boxplot in Figure 12.
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Figure 12 - Boxplot of the distribution of the association with nature ratings. The boxplot divides the
data into the first and third quartile, with an additional line to mark the median. The mean is
presented with a cross, minimum and maximum values with whiskers and outliers are presented as
dots. Note: ***p < .001

3.1.2 Comparison of baseline arousal levels and effectiveness of stressor

Comparison of baseline arousal levels is important in order to determine whether
randomization of participants was successful. For tense arousal, a Kruskal-Wallis Test was performed
to determine whether tense arousal at the baseline measurement was similar across the three lighting

conditions. Results revealed that tense arousal during the baseline measurement was the same across
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the three conditions, H(2) = 4.92, p = .085, n* = .043. Additionally, for energetic arousal levels
baseline checks were done as well. An ANOVA test revealed that there were no significant
differences between the three conditions during the baseline measurement, F(2, 67) = 1.85, p =.165,
7% = .05. These results show that randomization of participants was successful for both tense and
energetic arousal levels.

The distribution of perceived tense arousal at the four measurement moments is presented in
boxplots in Figure 13. The boxplots show an increasing trend in tense arousal from pre-stress to post-
stress, measured right after the stressor task. A Wilcoxon matched-pairs signed-rank test was
conducted to examine whether the stressor task was effective in perceived tense arousal among all
groups. Results revealed that perceived tense arousal was significantly higher right after the stressor
task (Mdn = 1.8) compared to right before the stressor task (Mdn =1.6), T=871,z=-2.56 , p=.010,
r=.300, showing that perceived tense arousal was increased by the stressor task.

The distribution of the perceived energetic arousal ratings for the four measurement moments
are presented in boxplots in Figure 14. When comparing Figure 13 and Figure 14, it can be seen that
the ratings for energetic arousal are generally higher. The boxplots in Figure 14 show a small
difference in energetic arousal between pre-stress and post-stress. Results revealed that perceived
energetic arousal significantly differed between pre-stress (Mdn = 2.8) and post-stress (Mdn =2.8), T
=615.5,z=-3.87, p <.001, r=.453. This suggests that the stressor task increased energetic arousal.

3.1.3 Perceived tense arousal

In order to investigate H2 “There is an effect of lighting condition on subjective tense arousal
during the recovery period”’, one-way analysis of variance was used. The third and fourth
measurement moment of the AD-ACL questionnaire is of importance since the third moment was
administered right after the stressor task (post-stress), and the fourth moment was administered right
after the recovery period of five minutes (post-recovery). Results of an ANOVA with the difference
scores of the third and fourth measurement moment showed that there is a significant difference in
perceived tense arousal between the control, static and dynamic condition, F(2, 70) = 3.96, p < .05, n%
=.10.

Post-hoc comparisons using independent samples t-tests revealed no significant differences
between the control condition (M = .27, SD = .51) and the dynamic condition (M = .51, SD = .56)
(#(46) = 1.56, p = .126, d = -.450), as well as between the static condition (M = .74, SD = .69) and the
dynamic condition (#(47) = 1.31, p = .197, d = .374). However, the static condition had on average a
bigger decrease from post-stress to post-recovery in subjective tense arousal compared to the control
condition. This difference, .48, was statistically significant, #(47) = -2.75, p < .01, d = -.785. This
indicates that there is a suggestion for differences in tense arousal among the three lighting conditions

and that H2, “There is an effect of lighting condition on subjective tense arousal during the recovery
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period”, is supported. However, not all sub-hypotheses are supported. Only H2a, “Subjective tense
arousal will be greater for static projected dappled light compared to uniformly distributed projected
light during the recovery period”, is supported.
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Figure 13 - Boxplots of the distribution of perceived tense arousal at the four measurement moments.
Note: **p <.01

3.1.4 Perceived energetic arousal

Similar to tense arousal, one-way analysis of variance was used to examine whether there is a
difference between the lighting conditions in the decrease of energetic arousal during the recovery
period (H3). Results of an ANOVA analysis with the difference scores of the third (post-stress) and
fourth (post-recovery) measurement moment revealed no difference in perceived tense arousal during
the recovery period between the control, static and dynamic condition, F(2, 70) = 1.29, p = .238, %, =
.035. This result indicates that there is no suggestion for differences in perceived energetic arousal
among the three lighting conditions during the recovery period, and that H3, “There is an effect of

lighting condition on subjective energetic arousal during the recovery period”, is rejected.
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Figure 14 - Boxplots of the distribution of perceived energetic arousal at the four measurement
moments. Note: *** p < .001

3.2 Physiological responses

Regarding skin conductance levels (SCL), normality checks revealed that during the baseline
it was not normally distributed in each condition, therefore non-parametric tests were used to analyze
SCL during the baseline. For the other three measurement moments (T1, T2, and T3) corrected SCL
were calculated as a change in SCL from the baseline, which is further explained in Section 3.2.1.
Normality was supported for SCL during pre-stress (T1), during the stressor task (T2), and during the
recovery period (T3) in all three conditions. Therefore, parametric tests were used to analyze the
recovery period in order to test H4, “There is an effect of lighting condition on physiological stress
during the recovery period”. The histograms of SCL at different moments are presented in Appendix
J. Furthermore, for the physiological responses at the different times descriptive statistics were
collected which can be seen in Table 6. The Table also includes the descriptive statistics of the

calculated differences scores of T2-T3.



Table 6 — Descriptive statistics
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= =
= g 5 v E- = 2 £2 EE£E
Variable g . 2 & 2 & 2 25 27 23 ZF 237
SCL baseline Control 24 2.27 1.77 1.67 0.35 7.29 0.81 <0.001 <0.01 0.07 <0.01
Static 23 1.45 0.52 1.31 0.70 2.29 0.93 0.10%* 0.5 0.03 0.08*
Dynamic 21 1.59 1.22 1.30 0.54 5.96 0.69 <0.0001 <0.0001 <0.001 <0.0001
All conditions 68 1.78 1.32 1.42 0.35 7.29 0.72  <0.0001 <0.0001 <0.0001 <0.0001
SCL pre-stressor ~ Control 24 1.27 0.84 1.13 -0.003 2.99 0.95 0.27* 0.33 0.31 0.33*
Static 23 0.96 0.45 0.95 0.15 2.20 0.94 0.21%* 0.06 0.10 0.05*
Dynamic 21 0.82 0.46 0.81 0.01 1.79 0.97 0.78* 0.90 0.95 0.99*
All conditions 68 1.02 0.64 0.97 -0.003 2.99 0.94 <0.01 <0.01 0.1 0.01
SCL stressor Control 24 1.91 1.10 1.72 -0.11 4.09 0.97 0.56* 0.48 0.98 0.78*
Static 23 1.57 0.46 1.65 0.58 2.62 0.97 0.78* 0.73 0.44 0.68*
Dynamic 21 1.21 0.60 1.23 0.01 2.62 0.99 0.98* 0.81 0.41 0.67*
All conditions 68 1.58 0.82 1.50 -0.11 4.09 0.95 <0.01 0.01 0.04 <0.01
SCL recovery Control 24 1.47 0.97 1.06 -0.01 3.63 0.92 0.05%* 0.11 0.98 0.24%*
Static 23 1.32 0.49 1.39 0.35 2.55 0.98 0.85%* 0.48 0.35 0.48*
Dynamic 21 1.20 0.61 1.08 0.05 291 0.94 0.25%* 0.10 0.05 0.05*
All conditions 68 1.34 0.72 1.16 -0.01 3.63 0.94 <0.01 <0.01 0.05 <0.01
A T2-T3 Control 24 0.44 0.55 0.28 -0.34 243 0.79 <0.001 <0.001 <0.001 <0.001
Static 23 0.25 0.34 0.23 -0.50 1.04 0.98 0.95%* 0.69 0.29 0.51*
Dynamic 21 0.02 0.30 0.02 -0.55 0.66 0.98 0.96* 0.67 0.77 0.87*
All conditions 68 0.24 0.44 0.21 -0.55 243 0.87 <0.0001 <0.0001 <0.0001 <0.0001

Notes: SD = standard deviation, * normally distributed (p > .05)
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3.2.1 Baseline checks and effectiveness of the stressor task

Baseline checks were done in order to see whether there were differences between the three
groups. The differences in SCL in each condition during the baseline is presented in Figure 15.
Baseline checks were done with a Kruskal-Wallis test and it showed that the baseline measurements
were similar among the three conditions with no significant differences, H(2) = 3.29, p = .193, * =
.020. This indicates that the randomization of the participants was successful. Even though there were
no differences at the group level, individual differences may still obscure the overall image.
Therefore, corrected SCL were calculated as a change in SCL from the baseline. This was calculated
for the other three measurement moments (T1, T2, and T3), as done in a previous study of Huang et
al. (2020). The following formula was used to calculate the baseline-corrected SCL:

Mcorrected sc. = Mrn — Mpaseline (0 = 1,2,3)

The baseline-corrected SCL scores, which will be referred to as SCL for brevity, were used for further
analyses. As can be seen in Table 6, minimum SCL might be below zero. This is due to the baseline
correction that are used for T1, T2 and T3. In the conditions where the minimum value is below zero,

participants have a SCL even lower than the baseline at that moment.

8,00

) °

3 700

5

§ 600 . °

Q

E

S 500

(&)

g

“ %4 4,00

- N— (]

o

S 3,00

£

; |

& 2,00

£ X

E 1,00

3 ’ T
0,00

Baseline (T0)

M Control M Static H Dynamic

Figure 15 - Boxplot of SCL during the baseline (T0) per condition

A boxplot with the SCL during the different measurement moments (T1, T2 & T3) is
presented in Figure 16. A higher SCL during the stressor task (T2) can be perceived in the Figure. To
test whether the stressor task actually was effective in eliciting stress, a Wilcoxon-ranked test was
conducted since SCL was not normally distributed among all conditions. In this analysis no
distinction was made between the three conditions. SCL before the stressor task (T1) and during the

stressor task (T2) were compared. SCL during T2 were higher (Mdnr = 1.50) compared to SCL during



43

T1 (Mdn = .97). This increase, .53, was statistically significant, 7= 51, z=-6.86, p <.0001, » = .831.

This implies that the stressor task was effective.
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Figure 16 - Boxplots of the baseline-corrected SCL before the stressor task (T1), during the stressor
task (T2), and during the recovery period (T3)

3.2.2 Recovery time

Hypothesis 4 suggests: “There is an effect of lighting condition on physiological stress during
the recovery period”. SCL during the recovery time were calculated by taking the average of the five
minutes recovery time. Data was also collected for each minute in the recovery time. Since there are
several measurement moments during the recovery period, it is important to examine whether SCL
continues decreasing, thus whether a significant difference between the minutes is present. Figure 17
shows SCL during each minute in the recovery time. To examine whether there was a significant
difference between the minutes in the recovery time and whether lighting condition affected this
difference, a mixed-model 3 X 5 REMANOVA was calculated. Lighting condition (e.g., control,
static, and dynamic) was the between-subjects variable, and time (e.g., 1 minute, 2" minute, 3
minute, 4" minute, and 5" minute in the recovery period) was the within-subjects variable. The main
effect of time on SCL was significant, F(4, 260) =39.24, p < .001, #* = .376. However, neither the
main effect of condition (F(2, 260)= 0.83, p =.4399, * =.025), nor the interaction effect of lighting
condition X time were significant (F(8, 260) = 1.26, p=.2659, % = .037). The non-significant effects
indicate that there is no difference in SCL between the three lighting conditions during the separate

five minutes. Nevertheless, the significant main effect of time indicates that SCL significantly differ
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between the different minutes, and as can be seen in Figure 18 it keeps decreasing. Figure 18 shows
the baseline-corrected SCL during the period before the stressor task, during the stressor task and
during the recovery minutes among the three lighting conditions. The dashed line indicates the start of
the recovery period. Descriptive statistics of the separate recovery minutes are presented in Appendix

K.

4,50

4,00

3,50

3,00 . .

2,50

2,00
1,50

2
1,00

0,50

0,00

Baseline-corrected skin conductance level (uS)

-0,50
1 2 3 4 5

Time in minutes

B Control M Static H Dynamic
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Figure 18 - Means of the baseline-corrected SCL before the stressor task, during the stressor task and
during the recovery minutes among the three lighting conditions. The dashed line represents the SCL
values during the stressor task

Since SCL continued to decrease, the average of the five minutes was used as recovery time
(T3). In order to investigate H4, “There is an effect of lighting condition on physiological stress
during the recovery period”, a Kruskal-Wallis test was used. Measurement moments T2 (during
stress) and T3 (recovery period) are of importance in order to examine the differences in SCL during
the recovery period. Results with the difference scores of T2-T3 revealed that there is a significant
difference in SCL between the lighting conditions, H(2) = 11.84, p <0.01, 5*=.136.

Post-hoc Mann-Whitney tests were used to compare all pairs of groups. The difference in
SCL during T2-T3 between the control (Mdn = 0.28) and static condition (Mdn = 0.23) was not
statistically significant, U(N(24, 23) = 226, z = 1.06, p =.295. However, the dynamic condition (Mdn
= (0.02) had a significantly lower difference in SCL during T2-T3 than both the static condition
(U(N(23,21)= 143, z=2.31, p <.020), and the control condition (U(N(24,21)=104,z=3.37,p<
.001). These results indicate that there is a difference in physiological stress during AT2-T3 between
the lighting conditions, supporting H4. However, participants in the dynamic dappled light pattern had
a much lower difference in SCL between the stressor task and the recovery period compared to the
control and static conditions. Therefore, the sub-hypotheses stating that physiological stress

restoration will be greatest for the dynamic condition and lowest for the control condition are rejected.
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3.3 Mediation model of association with nature between lighting condition and physiological
stress restoration

Mediation analysis was performed to investigate HS, whether association with nature
mediated the relationship between lighting condition and physiological stress restoration. Although
SCL did not recover to SCL during the baseline, and thus no full restoration took place, the decrease
in SCL during AT2-T3 is called physiological stress restoration for brevity. As there was a significant
difference in physiological stress restoration between the lighting conditions, mediation analysis was
possible. The mediation analysis followed the method of Hayes & Preacher (2014). In Figure 19
below, it can be seen that the categorical variable lighting condition is represented by two variables,
namely, static- and dynamic dappled light pattern. The control condition is used as referent group. In
the Figure, a; and a; are the regression coefficients for the static and dynamic dappled light pattern
when the mediator, association with nature, is regressed on the independent variable, lighting
condition. Path b represents the coefficient for association with nature when physiological stress
restoration is regressed on association with nature. Additionally, path c represents the direct effect of
lighting condition on physiological stress restoration. The indirect effects are determined by

multiplying the regression coefficients of a; x b, and a, X b.

ai
B =5.17%%%*
| Static dappled b
light pattern \ B=-03
Association with ' Physiological
nature stress restoration
Dynamic dappled / A
light pattern 2
B =7.98*#*x*
C2
B=-42%*
C1
B=-19

Figure 19 - Mediation analysis with indirect effects (a1, az, and b) and a direct effects (c; and c;)

The direct effect of path ¢ was determined with a simple linear regression. Lighting condition
did explain a significant amount of the variance in physiological stress restoration (AT2-T3), F(2, 65)
=45.84, p =< .01, R’ugjusted = .13. The beta coefficient of the dynamic condition (B = -.42, 95% CI [-
.67, -.18]) indicated that on average, participants in the dynamic condition had lower physiological
stress restoration compared to participants in the control condition. A simple linear regression of
lighting condition on association with nature revealed that lighting condition is a good predictor of
association with nature, F(2, 65) = 72.30, p = <.0001, Rzadjusted =.13. However, a regression model

(F(3, 64) =4.47, p = < .01, R%ugjustea = .13) of lighting condition on physiological stress restoration
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including the mediator showed that association with nature is not a significant predictor of
physiological stress restoration. Additionally, it showed no significant beta coefficients of lighting
condition on physiological stress restoration. See Figure 19 for the beta coefficients of the previous
mentioned regressions.

The coefficients presented in Figure 19 are used to determine the indirect effects coefficients
of the static and dynamic condition. Results revealed that the indirect effects of condition on
physiological stress restoration through association with nature were not significant, see Figure 20 and
Figure 21 for the beta coefficients of the indirect effects. Preacher & Hayes (2008) bootstrap method
using 5,000 bootstrapping samples was used to increase power and take not normally distributed
variables into account. However, these results indicated as well that HS, “Physiological stress

restoration is mediated by association with nature” is rejected.

a;xb
B=-15
ai b
B =517+ Association with B=-03
nature
Static dappled Physiological
light pattern | stress restoration
C1
B=-19

Figure 20 — Indirect effect of the static dappled light pattern
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Figure 21 — Indirect effect of the dynamic dappled light pattern

3.4 Additional Analyses

Additional analyses were done in order to examine whether interaction effects of condition
and measurement moment might have influenced the results regarding perceived tense arousal,
perceived energetic arousal, and physiological responses. Furthermore, the correlation between

subjective and physiological responses at different measurement moments is investigated.
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3.4.1. Follow-up analysis perceived tense arousal

Additional analyses for perceived tense arousal was performed with a mixed-model 3 X 3
split-plot factorial analysis of variance. This was done in order to examine whether there was a
significant interaction effect with measurement time that might influence the results. Lighting
condition (control vs. static vs. dynamic) was the between-subjects variable and time (pre-stress, post-
stress, and post-recovery) was the within-subjects variable. The REMANOVA was performed despite
tense arousal not being normally distributed in each condition. Partial comparisons with non-
parametric tests will be done to correct for this. The three moments of administering the AD-ACL
questionnaire are of importance since the second moment was administered when no stress was
induced, the third moment was administered right after the stressor task and the fourth moment was
administered right after the recovery period of five minutes. As baseline checks revealed, there are no
differences between the groups during the baseline measurement. Therefore, scores are not corrected
for the baseline.

Results revealed that the main effect of time on tense arousal was significant, F(2,
140)=24.26, p < .001, % = .257). However, the main effect of condition on perceived tense arousal
was not significant, F(2, 140)= 0.07, p =.928, #%* = .002. Additionally, the interaction effect of
lighting condition X time was as well not statistically significant, (4, 140)=1.80, p=.132,
1n%p = .049. Results regarding the main effect of time on tense arousal revealed that tense arousal
differed between the three measurement moments, H(2) = 23.11, p <.001, > = .098. Although there
is an effect of time on perceived tense arousal, the results of the split-plot factorial ANOVA do not
suggest an effect of lighting condition on perceived tense arousal. This could be explained by the fact
that a parametric test was used while perceived tense arousal was not normally distributed. However,
results show that there is no difference between the lighting conditions during post-stress (H(2) =
1.39, p = .499, * = -.001), and during post-recovery (H(2) = 1.02, p = .602, *> = -.014). These
findings suggests that subjective tense arousal during the recovery period is not influenced by an

interaction effect of measurement time and condition.

3.4.2. Follow-up analysis perceived energetic arousal

For perceived energetic arousal, here too a follow-up analysis with a mixed-model 3 X 3
split-plot factorial analysis of variance was performed with the same between- and within-subjects
variables as in the model for perceived tense arousal. The main effect of time on energetic arousal
showed a significant effect, F(2, 140)=53.06, p < .001, 5’ = .431. In contrast, the main effect of
condition on perceived energetic arousal was not significant (F(2, 140) = .35, p =.708, %> = .010), nor
was the interaction effect of lighting condition X time (F(4, 140)=.70, p=.594, %> = .020). Although
there is an effect of time on perceived energetic arousal (H(2) = 31.55, p <.001, #* = .132), the results
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of the split-plot factorial ANOVA do not suggest an effect of lighting condition on perceived

energetic arousal.

3.4.3. Follow-up analysis physiological responses

As there was an effect of lighting condition on physiological stress during the recovery
period, additional analysis were done in order to examine whether there was a significant interaction
effect of lighting condition with measurement time that might influence the results. A mixed-model
3 % 3 split-plot factorial analysis of variance was performed. Lighting condition (e.g., control, static,
and dynamic) was the between-subjects variable and time (pre-stress (T1), stress (T2), and recovery
(T3)) was the within-subjects variable. In this analysis the average skin conductance level over the
five minutes recovery time was taken into account rather than the separate minutes. Although results
did not show a significant effect of condition on SCL (F(2, 130) = 2.81, p =.067, % = .501), it did
show a significant effect of time on SCL (F(2, 130)=65.25, p < .001, *» = .501) and a significant
interaction effect of lighting condition X time on SCL (F(4, 130)=3.41, p=.011, °» =.095). See
Figure 15 for clarification.

Following the significant effect of time on SCL, post-hoc pairwise comparisons revealed a
higher SCL for T2 (Mdn = 1.50) compared to T3 (Mdn =1.16), T= 1903, z = 4.46, p < .001, r = .541.
This indicates that SCL during the stressor task were generally highest during the stressor task
compared to the other measurement moments. Additionally, following the significant interaction
effect of lighting condition X time, post-hoc comparisons using paired t-test were conducted. Results
of the paired t-tests revealed that the baseline-corrected SCL of the control condition and the static
condition significantly increased from T1 to T2 and significantly decrease from T2 to T3. However,
the dynamic condition showed a smaller, yet significant increase between T1 and T2, but did not
show a significant decrease between T2 and T3. This indicates that in the control condition and the
static condition recovery in SCL took place, but in the dynamic condition no significant recovery took
place. The results of the paired t-test are presented in Table 7.

In order to examine whether SCL differed between the conditions during the measurement
moments T1, T2, and T3, multiple ANOVAs were conducted. The results revealed that the SCL
during pre-stress did not significantly vary between the three conditions, F(2, 65) = 3.11, p = .051, 5%
=.09. Additionally, there was no statistically significant effect of lighting condition on SCL during
the recovery period, F(2, 65) = .83, p = .440, #*, = .02. However, there was a significant effect of
lighting condition on SCL during the stressor task, F(2, 65) = 4.47, p = .02, 5°, = .12. These results
suggest that differences in SCL between the conditions were solely present during the stressor task.
Post-hoc analyses using independent t-tests, see Table 8, revealed that there were no differences
between the control condition (M =1.91, SD = 1.10) and static condition (M = 1.57, SD = 0.46) (¢(45)
=1.38, p=.17, d = .406). However, the dynamic condition (M = 1.21, SD = 0.60) had significantly
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lower SCL during the stressor task than both the control condition (#(43) = 2.59, p = .01, d =.788),

and the static condition (#(42) = 2.21, p = .03, d = .664). Despite the absence of a main effect of

lighting condition on SCL, the interaction effect and corresponding contrasts suggest that the stress

increase was smaller in the dynamic condition than in the control and static condition, although SCL

between the conditions during pre-stress (T1) and recovery (T3) did not differ.

Table 7 - Results of the paired t-test analysis and mean values in skin conductance level (SCL)

£ P
Variable o = = « o - =
SCL pre-stress (T1) Control 24 1.27 .84 1.17 -5.73 .000%**
SCL stress (T2) Control 24 1.91 1.10
SCL pre-stress (T1) Static 23 .96 45 2.41 -11.56  .000%**
SCL stress (T2) Static 23 1.57 46
SCL pre-stress (T1) ~ Dynamic 21 .82 46 1.09 -5.01 .000%**
SCL stress (T2) Dynamic 21 1.21 .60
SCL stress (T2) Control 24 1.91 1.10 .80 3.94 .000***
SCL recovery (T3) Control 24 1.47 .97
SCL stress (T2) Static 23 1.57 46 .74 3.65 .002%*
SCL recovery (T3) Static 23 1.32 .49
SCL stress (T2) Dynamic 21 1.21 .60 .05 24 810
SCL recovery (T3) Dynamic 21 1.20 .61
Notes: SD = standard deviation, *p <.05. **p <.01. ***p <.001
Table 8 - Results of the independent t-test analysis
: :
Variable 6 8 - 2
SCL stress (T1) Control 406 1.38 174
Static
SCL stress (T1) Control 788 2.59 .013*
Dynamic
SCL stress (T1) Static .664 2.21 .032%
Dynamic

Notes: SD = standard deviation, *p <.05. **p <.01. ***p < 001
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3.4.4. Correlation between subjective and physiological responses

Additional analyses has been done to investigate whether there is a correlation between
participant’s subjective and physiological responses (H5). Spearman’s rho correlation coefficient was
used since not all variables were normally distributed. Considering the sample size, the same sample
of 68 participants was used as in the analysis of the physiological responses.

The two core dimensions, perceived tense arousal and perceived energetic arousal, were
analyzed to see whether it correlates with SCL. The AD-ACL responses before the stressor task were
compared to the SCL during the five minute period before the stressor task started. Spearman’s
correlation showed no significant correlation between tense arousal and SCL during pre-stress, 7s = -
.16, p =200, N = 68. Furthermore, the AD-ACL responses right after the stressor task were compared
to the SCL during the stressor task, and the AD-ACL responses at the end of the recovery period were
compared to the SCL during the recovery period. No statistically significant correlation was found
between perceived tense arousal right after the stressor task and SCL during the stressor task (5= .17,
p=.17, N=68), or during the recovery period (rs = .05, p = .66, N = 68).

The same approach was used for energetic arousal. The results again showed no significant
correlation between perceived energetic arousal and SCL during pre-stress (rs = .11, p =.363, N = 68).
Additionally, Spearman’s correlation coefficient showed no significant correlation between perceived
energetic arousal and SCL during the stressor task (v, =-.21, p = .08, N = 68), neither during the
recovery period (s = .01, p = .92, N = 68). These results indicate that H6 “There is a correlation
between subjective and physiological responses” was not supported. The scatter plots of the variables

are presented in Appendix L.
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4. Discussion

The influence of different projected dappled light patterns on stress restoration was examined
in this experiment. This was done to better understand the effects of nature inspired light stimuli.
Furthermore, this work extends our knowledge on the perception of dappled light patterns
investigated in an online experiment by Lemmens et al. (2022) and an experiment in an urban virtual
reality environment by Huang et al. (2020). This study tests for the first time dappled light pattern
stimuli in a realistic office environment with objective physiological indicators. The results confirm
previous findings that dynamic dappled light patterns and static dappled light patterns are more
associated with nature compared to uniformly distributed projected light. Additionally, a significant
effect of lighting condition on differences in SCL was found during the recovery period. However,
results show lower differences in SCL for the dynamic dappled light pattern which was expected to
have the highest difference in SCL during the recovery period. Although physiological stress was
lowest for the dynamic condition during the stressor task, it does suggest a potential instorative effect.
The following subsections discuss the findings regarding the effects of dappled light patterns on stress
restoration, stress instoration, and association with nature. Furthermore, the limitations of the current

research, as well as suggestions for future work are discussed.

4.1 Effects of dappled light patterns on stress restoration

The main research question was whether projected dappled light patterns influenced
individuals’ stress recovery. To start with the effect of light patterns on physiological stress
restoration, no full restoration to the baseline values took place. Although full restoration was absent,
the decrease in skin conductance levels from the stressor task till the end of the recovery period is
nevertheless called stress restoration. Results showed that stress restoration for the control and static
condition was significantly higher than for the dynamic condition. Based on previous research
showing the positive influence of environments with natural elements on stress restoration, it was
expected that both static and dynamic conditions exerted higher stress restoration than the control
condition (Chang & Chen, 2005; Huang et al., 2020; Ulrich et al., 1991). As this study shows no
differences between exposure to the static dappled light pattern and uniformly distributed light, it
suggests that projected dappled light patterns do not influence individuals’ stress restoration more
than uniformly distributed light, which is not in line with previous research (Chang & Chen, 2005;
Huang et al., 2020; Ulrich et al., 1991).

In addition, subjective measurements revealed that there was a significant effect of lighting
condition on subjective tense arousal. The difference in subjective tense arousal between the
measurements from post-stress to post-recovery were calculated to determine stress restoration.

Although the dynamic condition did not show a bigger decrease in stress restoration compared to the
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control and static condition, the projected static dappled light had on average a bigger decrease in
tense arousal than the control condition. The difference in stress restoration between the control and
static condition is partly in line with previous findings of Huang et al. (2020) showing that exposure
to vegetation resulted in higher stress recovery compared to exposure to a concrete environment. As
the dynamic condition, which is similar to an environment with natural elements, did not show
significant differences with the control and static condition, it is not fully in line with the research of
Huang et al. (2020).

Results of the physiological and subjective responses are not fully consistent. Although skin
conductance measurements revealed significantly higher stress restoration for the control and static
condition compared to the dynamic condition, it did not show a difference between nature inspired
light stimuli and uniformly distributed light. While skin conductance measures did not show a
difference between nature inspired stimuli and uniformly distributed light, subjective measures of the
AD-ACL did reveal that the static dappled light pattern had higher stress restoration compared to
uniformly distributed light. Results of the correlation analysis showed that there is no correlation
between the subjective and skin conductance responses which is consistent with previous findings
showing no correlation between the AD-ACL responses and the skin conductance responses (Thayer,
1967). The skin conductance measures should be trusted since these measures are more objective than
subjective measures, and are generally not consciously affected by the participants (Insko, 2003). The
subjective measurements might not have reflected the feelings during the exact moment skin
conductance measured. Since the AD-ACL questionnaire was asked right after the participants needed
to sing, participants might already have felt a sense of relief rather than tensed or energetic, which

might explain the non-existent relationship.

4.2 Effects of dappled light patterns on stress instoration

Although skin conductance results showed that the dynamic condition had lower stress
restoration compared to both the control and static condition, it did show an interesting finding
concerning the instorative effect of the dynamic dappled light pattern. To elaborate, this study found a
significant difference of lighting condition on physiological stress during the stressor task. The control
condition and the static condition did not differ in SCL, but the dynamic condition was significantly
lower compared to both conditions. Since there were no differences in SCL between the conditions
before the stressor task and there were differences in SCL between the conditions during the stressor
task, it can be assumed that the stressor task was least effective in the dynamic dappled light pattern
condition. As the dynamic dappled light pattern showed lower SCL during the stressor task, and had
lower differences in SCL during the recovery period compared to the control and static pattern, a
potential restorative effect is indicated. Figure 15 shows that the uniformly distributed projected light

had the highest skin conductance level compared to the projected static and dynamic dappled light
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pattern during the stressor task. The association with nature might already have caused a calming
effect throughout the experiment.

The subjective measurements did not show a difference in tense arousal at the measurement
right after the stressor task. As there was no difference between the conditions right after the stressor
task and at the end of the recovery period, there is no suggestion for a potential instorative effect

regarding the subjective measures.

4.3 Effects of dappled light patterns on association with nature

Results revealed significant differences of association with nature between the control
condition, the static dappled light condition and the dynamic dappled light condition. A higher
association with nature was observed for the projected dynamic dappled light pattern compared to the
projected static dappled light pattern. Moreover, the projected static dappled light pattern was rated
higher on association with nature compared to the uniformly distributed projected light. This is in line
with the expectation that the control condition would be less associated with nature, while the static
and dynamic condition would be more associated with nature since those conditions feature elements
of nature. This complies with the findings of the study of Lemmens et al. (2022) showing that lighting
condition significantly influenced perceived naturalness, where the dynamic condition was perceived
as most natural.

The static and dynamic conditions are nature based while the control condition is not.
Although the static and dynamic condition are nature based, there is one important aspect that makes a
difference, namely temporal variability in the dynamic condition. The static dappled light pattern
consists of a frame of the video in the dynamic condition. As every frame in the video of the dynamic
dappled light pattern has a different fractal complexity, the frame chosen for the static condition was
closest to the average fractal dimension of all frames of the video. Therefore, differences between the
conditions can be explained by temporal variability, and not by fractal complexity.

Results showing that the dynamic dappled light pattern was more associated with nature than
the static and control condition indicate that temporal variability in the dappled light pattern is
important for the association with nature. The results of this research confirm the statement of Houser
(2018) that emotional appeal of daylight, among other factors, is based on temporal variabilities of
light. Temporal variability in the dynamic condition might explain the instorative effect mentioned in
Section 4.2. The dynamic dappled light pattern potentially exerted a calming feeling during the
stressor task which results in the stressor task being least effective in the dynamic condition.

Although there was a significant effect of both lighting condition on physiological stress
restoration and association with nature, mediation analysis revealed that association with nature did
not explain the effect of lighting condition on physiological stress restoration. Since both static and

dynamic condition were evaluated to be highly associated with nature and only the dynamic condition
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had significantly lower stress restoration compared to both the control and static condition, the effect

could not be mediated by association with nature.

4.4 Limitations and future research

Although the present study shows interesting findings, there are some limitations and
suggestions for future research. The visual stimuli were presented continuously throughout the
experiment right after the baseline measurements rather than right after the stressor task, as has been
similarly done in the research of Lemmens et al. (2022). Exposure to the stimuli during the stressor
task might explain the differences in SCL during the stressor task. The dynamic dappled light pattern
might have already caused a calming effect during the stressor task, while this research aims to
investigate whether dappled light patterns influence stress recovery. Since stress levels potentially
might have been reduced during the stressor task due to exposure to the lighting, it is possible that not
enough stress was induced for stress restoration to be observed. Although exposure to the stimuli
during the stressor task resulted in an interesting finding regarding the restorative effect of dynamic
dappled light patterns, it might be promising for future studies to investigate the effect of the stimuli
when it is only presented during the recovery time.

In addition to the timing of presenting the stimuli, the type of stimuli also influences the
outcome of the study. In this study only one type of vegetation was compared, while nature consists of
various types of vegetation. For future work it would be interesting to compare different types of
vegetation since the static dappled light pattern in this research was associated with clouds, a blurry
image or a stone pattern. See Appendix M for participants’ responses to the different lighting
conditions. A less abstract projection of vegetation that is immediately recognized as nature will
perhaps have a different influence on the outcomes. In regard to the projection of the stimuli, the
projector was placed below the table where the participants were seated. The participants could
immediately see that the dappled light patterns were projected since the projector made a lot of noise
and was not out of sight. This might have influenced the realness of the projected stimuli. Future
studies should use projectors that make less noise and attract less attention.

Another limitation of this study is that the physiological responses might be affected by
human error. Since the markers were placed by the experimenters, there could be a time difference
between the actual time of an event and the time that was marked by researchers. To have the best
results, the events should have been matched with the exact timing of an event. The elimination of
human errors by using automated timestamps would be beneficial for future research.

The SCL measurements during the baseline did not show differences between the lighting
conditions which indicates that the randomization of participants was successful. Nevertheless, for
future studies it is recommended not to include the first two minutes of the baseline measurements.
The measurement of skin conductance during the baseline in this research consisted of the first five

minutes. The average skin conductance level of these five minutes was calculated and used for the
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analysis. Since participants might have had some physical activity (e.g., biking, climbing stairs)
before entering the experiment, their skin conductance levels might have been high. Therefore, the
first minutes of the baseline measurements might have had higher skin conductance levels compared
to the last few minutes. Participants who engaged in physical activity before the experiment had on
average higher SCL during the baseline compared to participants that did not engage in physical
activity before the experiment. Therefore, baseline-corrected skin conductance values would also have
been higher if the first minutes were not included and might have resulted in clearer differences
between the measurement moments. Although this research did reveal SCL differences between the
measurement moments, future research should use the first few minutes for participants to recover
from physical activity to get even better outcomes. The five minutes after few minutes rest would be a
good baseline measurement of skin conductance. In addition to adjusted baseline measurements, it
would also be interesting to examine the results when a longer recovery time was taken into account.
Although skin conductance levels kept decreasing during the recovery period, for none of the
participants the skin conductance values recovered to the values during the baseline. Therefore, future
research should investigate whether differences between lighting conditions arise when a longer
recovery period would be taken into account.

Another limitation concerning the physiological responses is that the measurements during
pre-stress might differ for each participant. The physiological responses during pre-stress were
calculated over the five minutes before the stressor task started. The AD-ACL questionnaire was
asked right before the stressor task so this was included in the five minutes of pre-stress
measurements. The duration of the AD-ACL questionnaire differs for each participant, which might
have resulted in different activities of the conventional office tasks of reading, thinking, and writing
for each participant during the five minutes. The approach of using the one minute interval after
receiving the instruction to read the neutral message, as Brouwer et al. (2014) did, could have been
applied. However, receiving instructions might give a feeling of stress. Therefore, a period of five
minutes before the stressor task was chosen as the pre-stress period.

As there is no correlation between the subjective and physiological measures there might be a
possibility that the selection of the questionnaire was not appropriate. Although it did give insights in
different arousal states, the main arousal state of interest is tense arousal. For future studies it would
be recommended to use a different type of validated questionnaire that solely focuses on stress.
Additionally complementary physiological indicators are recommended to use since heart rate
responses already gave promising results regarding exposure to facade and sunlight pattern geometry
(Chamilothori et al., 2019).

Although the stressor task was effective for both physiological as subjective measures, it
might have increased positive arousal states. The stressor task might have been experienced as fun or
exciting since some individuals might like to sing. This could have resulted in energetic arousal rather

than tense arousal. This difference could not be detected by skin conductance, however, this
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difference could be perceived by the AD-ACL questionnaire. The results revealed that among all
lighting conditions the energetic arousal was indeed higher than tense arousal during the stressor task.
Although energetic arousal was higher during the stressor task, results showed that it was generally
higher among all measurement moments. Therefore, it cannot be concluded that the stressor task was
experienced as more energetic compared to tense, but it can be stated that the stressor task caused
energetic arousal, see Section 3.1.2.

Although this research has some limitations and suggestions for future research, it did provide
insights in the instorative effect of dynamic dappled light patterns. More research should be done on
the instorative effect of dynamic dappled light patterns because the promising results this study

revealed might be applied in the area of lighting design in order to bring this beneficial effect indoors.
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5. Conclusion

Stress is common in today’s society and has many negative health consequences, therefore it
is beneficial to reduce stress among individuals in a time-saving way. As exposure to nature and
daylight has been found to positively influence health effects on stress, this research attempted to
bring nature and daylight indoors by projecting dappled light patterns, the shadows made by sunlight
falling through a tree canopy, in an office environment during the experiment. The current study used
a between-subjects design comparing three different conditions: a control condition showing uniform
distributed light, a static-, and a dynamic dappled light pattern condition. These conditions allowed us
to examine not only the effect of a static dappled light pattern, but also to investigate the effect of
temporal variability, which has been scarcely investigated. During the experiment, stress was induced
to examine whether subjective and physiological stress decreased during recovery from the stressor.
The effects of static and dynamic dappled light patterns on association with nature and on subjective
and physiological stress restoration were investigated.

This study found an effect of lighting conditions on perceived association with nature. The
static and dynamic dappled light patterns were more associated with nature compared to the uniformly
distributed projected light. Additionally, the dynamic dappled light pattern was more associated with
nature than the static dappled light pattern showing an effect of temporal variability in the dynamic
condition. Although skin conductance measures suggest that projected dappled light patterns do not
influence individuals’ stress restoration more than uniformly distributed light, results showed lower
skin conductance levels for the dynamic dappled light pattern during the stressor task compared to
uniformly distributed light and static dappled light, indicating a potential instorative effect.
Furthermore, results showed that association with nature was not a potential mediator for the
relationship between lighting condition and physiological stress restoration.

This research tests for the first time projected dappled light patterns in a real environment.
This study shows promising results regarding the potential instorative effects of dynamic dappled
light patterns, which can be relevant for lighting design applications that can be beneficial for
employees. Future research is invited to test these effects further, for example by using other nature

inspired light stimuli and have a longer recovery period.
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7. Appendices

Appendix A — Informed consent form

Information form for participants

This document gives you information about the study “Experience of typical office tasks during a
working day”. 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 your experience while you are performing several tasks in a
working environment. Data will be collected through physiological measurements and subjective
assessments about your experience.

This study is performed by Anouk Dusseldorp, Juliét Wahlen (MSc students), and Ozge Karaman
Madan (PhD Student) under the supervision of Dr. Kynthia Chamilothori and Prof. Yvonne de Kort of
the Human-Technology Interaction group at TU/e. The research team also includes Dr. Mariélle Aarts
and Dr. Juliétte van Duijnhoven of the Building Lighting group of the department of the Built
Environment at TU/e.

Procedure

Prior to the beginning of the experiment, you will be asked to wear physiological measurement
devices (galvanic skin response electrodes on two fingers, measuring electrodermal activity,
electrocardiogram electrodes on the chest, measuring the electrical activity of the heart, and glasses
with an eye-tracking device measuring gaze behavior). During the experiment, you will be asked to
perform several tasks (including writing, listening, reading, waiting, talking tasks) and fill in
guestionnaires about your experience during these tasks.

Risks
The study does not involve any risks or detrimental side effects. You might experience mild
discomfort during the tasks and boredom during waiting periods.

Duration
The instructions, measurements and debriefing will take approximately 60 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.

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 they were recorded. None of this will have any
negative consequences for you whatsoever.

Compensation

You will be paid 10 euros (plus an additional €2.00 if you do not study or work at the TU/e or Fontys
Eindhoven). The payment can be done with cash or with Tikkie payment depending on your
preference. Tikkie payment requires a phone number, which would be temporarily stored in a
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restricted access online data repository and would be deleted after the Tikkie payment is completed.
It is also possible to make a request for payment using a QR code created with your banking app.
This would not require a phone number.

Confidentiality and use, storage, and sharing of data.

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), and this study
has been approved by the Ethical Review Board of the department.

In this study demographic data (age, gender), personal data (participant database ID) and
experimental data (skin conductance level, heart rate, heart rate variability, gaze behavior, and
responses to questionnaires) will be recorded, analyzed, and stored. The goal of collecting,
analyzing, and storing this data is to answer the research question and publish the results in the
scientific literature. Sensitive data (physiological responses) will be shared between the members of
the research team through a password-protected folder in SurfDrive, a GDPR-compliant cloud
storage for Dutch universities. To protect your privacy, all data that can be used to personally
identify you will be stored on an encrypted server of the Human Technology Interaction group that is
only accessible by selected HTI staff members for at least 10 years. No information that can be used
to personally identify you will be shared with others.

The data collected in this study might also be of relevance for future research projects within the
Human Technology Interaction group as well as for other researchers. The aim of those studies
might be unrelated to the goals of this study. The collected anonymized data will therefore also be
made available to the general public in an online data repository, if you consent to this (see below).
The anonymized data collected in this study and that will be released to the public will (to the best of
our knowledge and ability) not contain information that can identify you. It will include all data
collected during the study (physiological and subjective responses), including demographic variables
(e.g., age and gender) if you choose to provide these during the study.

At the bottom of this consent form, you can indicate whether or not you agree with participation in
this study. You can also indicate whether you agree with the distribution of your anonymized data by
means of a secured online data repository with open access for the general public.

No video or audio recordings are made that could identify you.

Further information

If you want more information about this study, the study design, or the results, you can contact
Juliét Wahlen (j.a.t.wahlen@student.tue.nl), Anouk Dusseldorp (a.a.dusseldorp@student.tue.nl) or
Ozge Karaman Madan (0.karaman.madan@tue.nl).

If you have any complaints about this study, please contact the supervisor, Kynthia Chamilothori
(contact email: k.chamilothori@tue.nl). You can report irregularities related to scientific integrity to
confidential advisors of the TU/e.


mailto:j.a.t.wahlen@student.tue.nl
mailto:a.a.dusseldorp@student.tue.nl
mailto:o.karaman.madan@tue.nl
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Informed consent form
Study “Experience of typical office tasks during a working day”

- lhave read and understood the information of the corresponding information form for
participants.

- I have been given the opportunity to ask questions. My questions are sufficiently
answered, and | had sufficient time to decide whether | participate.

- I know that my participation is completely voluntary. | know that | can refuse to participate
and that | can stop my participation at any time during the study, without giving any
reasons. | know that | can withdraw permission to use my data up to 24 hours after the data

have been recorded.

- lagree to voluntarily participate in this study carried out by the research group Human
Technology Interaction of the Eindhoven University of Technology.

- lknow that no information that can be used to personally identify me or my responses in
this study will be shared with anyone outside of the research team.

- oOdo
- oOdonot
give permission to make my anonymized recorded data available to others in a public online
data repository, and allow others to use this data for future research projects unrelated to
this study.
Certificate of consent

L, (INAIIE) v eeeeoe e seseeesessessessesses s ses s sesees s eeeses s eessessssenssessesses s sessesseseessessssssssesens

want and provide consent to participate in this study.

Participant’s Signature Date
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Appendix B — Formulation of the instructions during the shortened Sing-a-Song Stress test

Figure Bl - General instruction of the shortened SSST

The experiment will continue with a small task.

You will be sitting behind the laptop screen while you are filmed by a camera. Try to keep your hand

as still as possible and follow the tasks described on the laptop screen. After each task, there will

be a counter counting down from 6@ to @. In some cases, you will be asked to perform a task when the
counter reaches @. Please read the text and follow the tasks carefully.

Press any key to begin.

Figure B2 - Example of instruction: Read only

Silently read the following sentence:

"A vacuum is a device that sucks dust and other small particles”




Figure B3 - Example of a countdown of 60 seconds
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Wait

You have 59 seconds left.

Figure B4 - Instruction: Read out loud

Say the word "vacuum” twice out loud when the following countdown reaches @.
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Figure B5 - Read out loud

Now say out loud:

"o

"Vacuum" "Vacuum"

Figure B6 - Instruction: Prepare a song

Pick a song of your own choice and prepare to sing it out loud after the following countdown reaches
0.

Keep sitting still until that moment.




Figure B7 - Sing a song including a countdown of 20 seconds
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Sing the song for 20 seconds now.

You have 18 seconds left.




Appendix C — Questionnaire Limesurvey

Concept

Item

Answer
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Comfortable

Did you feel comfortable in the room?

Choice: very uncomfortable,
uncomfortable, just right,

comfortable, very comfortable

Gaze behavior

How often did you look at the

projected light on the right wall?

Choice: never, rarely, sometimes,

often, very often

Attention

How much did the projected light
attract your attention?

When the projected light attracted
your attention, how did you experience
this?

Could you elaborate on your previous

answer to the previous questions?

0 — 10 Likert scale

Choice: negative, somewhat

negative, neutral, somewhat

positive, positive

Open question

Pattern evaluation*

What does the projected light on the

right wall look like to you? (short

Open question

answer)
Fascination™® The projected light is fascinating. 0 — 10 Likert scale
Distraction* The projected light is distracting me. 0 — 10 Likert scale
Interest* The projected light is interesting. 0 — 10 Likert scale
Excitement* The projected light is exciting. 0 — 10 Likert scale
Relaxed* The projected light is relaxing. 0 — 10 Likert scale
Complexity* The projected light is complex. 0 — 10 Likert scale
Preference* 1 like the projected light. 0 — 10 Likert scale

Association with

nature*

The projected light reminds me of

nature.

0 — 10 Likert scale
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Association with

sunlight*

The projected light reminds me of

sunlight.

0 — 10 Likert scale

Work environment*

1t would be pleasant to have this
projected light in my work

environment.

0 — 10 Likert scale

Demographics

What is your gender?

What is your age in years?

Choice: male, female, other,
prefer not to say

Open question

Final remarks

Do you have additional remarks about

the experiment?

Open question

*asked for each lighting condition (3x)



Appendix D - Matlab code to verify the markers and to down sample and smoothen the data

clear all
close all

projectFolder = ('C:\Users\s150304\Documents\MATLAB\ Data WWN2\') ;

startdata = 1;
enddata = 10;

nmarkers = 5;
window = 250;

timeCol = 2;
edaCol = 4;
markerCol = 5;
idLength = 3;
downSampleFactor = 64;

cd (projectFolder)

if ~exist([projectFolder, 'dataForLEDA'], 'dir'")
mkdir ([projectFolder, 'dataForLEDA'])

end

addpath ([projectFolder, 'dataForLEDA']);

files = dir([projectFolder, '*.fys']);

for i=l:length(files)
ppname = files (i) .name (1l:idLength);
display(['Processing data for pp ' ppnamel);

mobi = importdata(files (i) .name);

secs = mobi.data(:,2);
muS = mobi.data(:,4);
marker = mobi.data(:,5);
clear mobi

duration = secs (end)-secs(l);

fs = floor (length(secs)/duration) ;
display(['....Sampling rate is ' num2str(fs) ' Hz']);
[markers, temp] = find(marker == 1);

session markers = zeros(nmarkers);

if isempty (markers)
continue
end

current = 1;
for j=l:length (markers)-1;
if (markers(j+1) <= (markers(j)+window*fs))
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markers (j) = markers(j+1);

else
if current > nmarkers
session markers = [session markers, markers(j) ];
else
session markers (current) = markers(3j);
end
current = current + 1;
end

end

if (~isempty(session markers) && ~isempty (markers));
if 1 <= current <= nmarkers
session markers (current) = markers (end);
else
session markers = [session markers, markers(end)];
end
end

if current > nmarkers
display(['....!NOTE Found more than '
num2str (nmarkers) ' markers'])
end

if current < nmarkers

display(['....!NOTE Found fewer than '
num2str (nmarkers) ' markers'])
end
display(['....Total markers = ' num2str (current)]);
section = (startdata*fs:length(secs)-enddata*fs);

data.conductance = muS (section)';
data.time = secs(section)’';
data.timeoff = 0;

data.event = [];

for m=1:current;

event.time = secs(session markers(m));
event.nid = m;
data.event = [data.event event];
end
fname = [projectFolder, 'dataForLEDA/',ppname,'.mat'];

save (fname, 'data');
clear data;
end

addpath 'C:\Users\s150304\Documents\MATLAB\ Data WWN2\ledalab-349'
Ledalab ([projectFolder, 'dataForLeda\']l,...

'open', 'mat', .

'downsample', downSampleFactor, 'smooth', {'adapt',})



Appendix E — Matlab script to separate the phasic and tonic components
projectFolder = ('C:\Users\s150304\Documents\MATLAB\ Data WWN2\');

Ledalab ([projectFolder, 'dataForLeda\'l],
'open', 'leda',

'analyze', 'CDA',

'optimize', 3)
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Appendix F — Matlab script to estimate the average skin conductance levels at certain events

clear all
close all

projectFolder = ('C:\Users\sl150304\Documents\MATLAB\ Data WWN2\');
cd ([projectFolder, 'dataForLeda\'l])

delete batchmode protocol.mat

files = dir('*.mat'");
no files = length(files);

estimates = cell(no files+1,7);
current row = 1;
estimates{current row,1l} = 'pp';
estimates{current row,2} = 'minEDA';
estimates{current row,3} = 'maxEDA';

estimates{current row, 4} 'SCbaseline';
estimates{current row,5} 'SCprestress';
estimates{current row, 6} 'SCstress';

estimates{current row,7} = 'SCrecovery';

for i=l:length(files)

ppname = files (i) .name(1:3);

current row = current row + 1;

estimates{current_row,l} = ppname;

var = load(ppname) ;

min EDA = min(var.data.conductance);

estimates{current row,2} = min EDA;

max EDA = max(var.data.conductance);

estimates{current row, 3} = max EDA;
end

$SCbaseline for 5 minutes after first marker
delete batchmode protocol.mat

Ledalab ([projectFolder, 'dataForLeda\'l],
'open', 'leda',

'export era', [0 300 .05 17,

'export scrlist', [.05 11])
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%0Only the value for the first marker is of interest. This is stored

in e.g., 001 era.results.CDA.tonic (1)
erafiles = dir('*era.mat');
current row = 1;

for i=l:length(erafiles)

filename = erafiles (i) .name(1l:7);
current row = current row + 1;
var = load(filename) ;

avgSCL = var.results.CDA.Tonic;
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TargetavgSCL = avgSCL (1) ;
estimates{current row,4} = TargetavgSCL;
end

delete *era.mat
delete *scrlist.mat
delete batchmode protocol.mat

$SCprestress for 5 minutes before third marker
Ledalab ([projectFolder, 'dataForLeda\'l],
'open', 'leda',

'export era', [-300 0 .05 1],

'export scrlist', [.05 1])

%0nly the value for the third marker is of interest. This is stored

in e.g., 001 era.results.CDA.tonic(3)
erafiles = dir('*era.mat');
current row = 1;

for i=l:length(erafiles)
filename = erafiles (i) .name(1:7);
current row = current row + 1;
var = load(filename);
avgSCL = var.results.CDA.Tonic;
TargetavgSCL = avgSCL(3);
estimates{current row,5} = TargetavgSCL;
end

delete *era.mat
delete *scrlist.mat
delete batchmode protocol.mat

%$SCstress for the period of 80 seconds till 20 seconds before the
fourth marker

Ledalab ([projectFolder, 'dataForLeda\'],

'open', 'leda',

'export era', [-80 -5 .05 1],

'export scrlist', [.05 11])

0nly the value for the fourth marker is of interest. This is stored
in e.g., 001 era.results.CDA.tonic (4)

erafiles = dir('*era.mat');
current row = 1;

for i=l:length(erafiles)

filename = erafiles (i) .name(1l:7);
current row = current row + 1;
var = load(filename) ;

avgSCL = var.results.CDA.Tonic;
TargetavgSCL = avgSCL(4);
estimates{current row, 6} = TargetavgSCL;



end

delete *era.mat
delete *scrlist.mat
delete batchmode protocol.mat

%$SCrecovery for 5 minutes after fourth marker
delete batchmode protocol.mat

Ledalab ([projectFolder, 'dataForLeda\'],
'open', 'leda',

'export era', [0 300 .05 1],

'export scrlist', [.05 1])

%0Only the value for the fourth marker is of interest.

in e.g., 001 era.results.CDA.tonic(4)
erafiles = dir('*era.mat');

current row = 1;

for i=l:length(erafiles)
filename = erafiles (i) .name(1:7);
current row = current row + 1;
var = load(filename) ;
avgSCL = var.results.CDA.Tonic;
TargetavgSCL = avgSCL(4);
estimates{current row,7} = TargetavgSCL;
end

delete *era.mat
delete *scrlist.mat
delete batchmode protocol.mat

%save your dataset to a text file

cd (projectFolder)

writecell (estimates, 'estimates.txt', 'Delimiter', "tab'")

type 'estimates.txt'
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This is stored



Appendix G — Matlab script to estimate the separate minutes during the recovery period

clear all
close all

projectFolder = ('C:\Users\s150304\Documents\MATLAB\ Data WWN2\') ;

cd ([projectFolder, 'dataForLeda\'l])
delete batchmode protocol.mat
files = dir('*.mat'");

no files = length(files);

estimates = cell(no files+1,8);
current row = 1;
estimates{current row,1l} = 'pp';
estimates{current row,2} = 'minEDA';
estimates{current row,3} = 'maxEDA';

estimates{current row, 4} 'avgrecoveryl';
estimates{current row,5} = 'avgrecovery2';

estimates{current row,6} = 'avgrecovery3';
estimates{current row,7} = 'avgrecoveryd';
estimates{current row,8} = 'avgrecoveryb5';
for i=l:length(files)
ppname = files (i) .name(1:3);
current row = current row + 1;
estimates{current row,1l} = ppname;
var = load (ppname) ;
min EDA = min(var.data.conductance);
estimates{current row,2} = min EDA;
max EDA = max(var.data.conductance);
estimates{current row,3} = max EDA;
end

$SCrecoveryl the average SCL in the first recovery minute
delete batchmode protocol.mat

Ledalab ([projectFolder, 'dataForLeda\'],
'open', 'leda', .

'export era', [0 60 .05 17,

'export scrlist', [.05 1])

erafiles = dir('*era.mat');

current row = 1;

for i=l:length(erafiles)

filename = erafiles (i) .name(1l:7);
current row = current row + 1;
var = load(filename) ;

avgSCL = var.results.CDA.Tonic;
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TargetavgSCL = avgSCL(4);
estimates{current row,4} = TargetavgSCL;
end

delete *era.mat
delete *scrlist.mat
delete batchmode protocol.mat

$SCrecovery?2 the average SCL in the second recovery minute
Ledalab ([projectFolder, 'dataForLeda\'l],

'open', 'leda',

'export era', [60 120 .05 1],

'export scrlist', [.05 1])

erafiles = dir('*era.mat');

current row = 1;

for i=l:length(erafiles)

filename = erafiles (i) .name(1l:7);
current row = current row + 1;
var = load(filename) ;

avgSCL = var.results.CDA.Tonic;

TargetavgSCL = avgSCL (4);

estimates{current row,5} = TargetavgSCL;
end

delete *era.mat
delete *scrlist.mat
delete batchmode protocol.mat

$SCrecovery3 the average SCL in the third recovery minute
Ledalab ([projectFolder, 'dataForLeda\'l],

'open', 'leda',

'export era', [120 180 .05 17,

'export scrlist', [.05 11])

erafiles = dir('*era.mat');

current row = 1;

for i=l:length(erafiles)

filename = erafiles (i) .name(1l:7);
current row = current row + 1;
var = load(filename) ;

avgSCL = var.results.CDA.Tonic;

TargetavgSCL = avgSCL(4);

estimates{current row, 6} = TargetavgSCL;
end

delete *era.mat
delete *scrlist.mat
delete batchmode protocol.mat

%SCrecovery4 the average SCL in the fourth recovery minute
Ledalab ([projectFolder, 'dataForLeda\'l],



'open', 'leda',
'export era', [180 240 .05 1],
'export scrlist', [.05 1])

erafiles dir('*era.mat');

current row = 1;

for i=l:length(erafiles)
filename erafiles (i) .name (1:7)
current row current row + 1;
var = load(filename) ;
avgSCL var.results.CDA.Tonic;
TargetavgSCL = avgSCL(4) ;
estimates{current row,7}

end

delete *era.mat
delete *scrlist.mat
delete batchmode protocol.mat
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.
4

TargetavgSCL;

$SCrecovery5 the average SCL in the fifth recovery minute

Ledalab ([projectFolder,

'open', 'leda', .
'export era', [240 300 .05 17,
'export scrlist', [.05 1])

erafiles dir('*era.mat');

current row 1;

for i=l:length(erafiles)
filename erafiles (i) .name (1:7)
current row current row + 1;
var = load(filename) ;
avgSCL var.results.CDA.Tonic;
TargetavgSCL avgSCL (4) ;
estimates{current row, 8}

end

delete *era.mat
delete *scrlist.mat
delete batchmode protocol.mat

%$save your dataset to a text file
cd (projectFolder)

writecell (estimates, 'estimates.txt'
type 'estimates.txt'

'dataForLeda\'],

14

TargetavgSCL;

, 'Delimiter', "tab'")
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Appendix H — Matlab code to calculate the luminance

function createFit ()
CREATEFIT ()
Create a fit.

o® o° o°

o

Data for 'Luminance response curve max192' fit:
X Input : x
Y Output: y
Output:
fitresult : a fit object representing the fit.

o° o© o o° oe°

o°

% Fit: 'Luminance response curve max255'.

RGBvalues=readmatrix ('for matlab.csv');
x=RGBvalues(:,1);

y=RGBvalues (:,2);

clear RGBvalues

x(1)=1E-12; % values should be > 0!
v192 = find(x==192); % find RGB value = 192
[xData, yData] = prepareCurveData( x, V)’

% Set up fittype and options.
ft = fittype( 'power2' );

opts = fitoptions( 'Method', 'NonlinearLeastSquares' );
opts.Display = 'Off';
opts.StartPoint = [1 1 17;

% Fit model to data.
[fitresult, ~] = fit( xData, yData, ft, opts );

yf=fitresult.a*xf.”fitresult.b+fitresult.c;
xmax=find (yf<=y(end), 1, 'last' );

Lmax=y (end) ;

yvf (yf>Lmax)=Lmax;

% Plot fit with data.

figure( 'Name', 'Luminance response curve max255' );

h = plot( x£f, vy, '"--k', x, vy, "*" );

legend( h, 'y vs. x', 'Luminance response curve max255', 'Location',
'NorthWest', 'Interpreter', 'none' );

% Label axes

xlabel ( 'x', 'Interpreter', 'none' );

ylabel( 'y', '"Interpreter', 'none' );

txt=['y = ' num2str(fitresult.a,'%.3e'") "Fx"{'

num2str (fitresult.b,4) '} + ' num2str(fitresult.c,4)];
text (10,50*ceil (y(end) /50) =50, txt) ;

txt=['x @ y {max} = ' num2str(xmax)];

text (xmax-10,50*ceil (y(end) /50)-30, txt) ;

x1im ([0 2557)

y1im ([0 50*ceil (y(end)/50)])

grid on

IMG = imread('368.png');
Y= (round (mean (IMG, 3),0));



L=fitresult.a*Y."fitresult.b+fitresult.c;

L (L>Lmax)=Lmax;

L av=mean (L, 'all'");

RGB av=round(((L_av-fitresult.c)./fitresult.a).”(1/fitresult.b),0);
L RGBav = fitresult.a*RGB av.” fitresult.b+fitresult.c;

Gray = double (rgb2gray (IMG)) ;
Lg=fitresult.a*Gray."fitresult.b+fitresult.c;

Lg (Lg>Lmax)=Lmax;

Lg av=mean(Lg, 'all');

RGB_avg=round( ((Lg_av-
fitresult.c)./fitresult.a).”(1l/fitresult.b),0);

L RGBavg = fitresult.a*RGB _avg.” fitresult.b+fitresult.c;

disp(['Average over RGB values: Average luminance = '

num2str(L av,'%.2f") ' cd/m”2, average RGB = ' num2str (RGB av) ',
Luminance for average RGB value = ' num2str(L RGBav, '%.2f') '
cd/m”~2'1);

disp(['Use function ''rgb2gray'': Average luminance = '
num2str (Lg av, '$.2f") ! cd/m”~2, average RGB = ' num2str (RGB_avg) ',
Luminance for average RGB value = ' num2str (L RGBavg, '$.2f'") '
cd/m”2'1);

txt=["'RGB {average} = ' num2str (RGB av) ', L {average} = '

num2str(L _av,'%.2f")];
text (105,10, txt) ;

IMGout = IMG;

IMGout (:,:,:) = RGB av;

txt=["'AverageRGB' num2Zstr (RGB av) '.png' ];
imwrite (uint8 (IMGout) , txt) ;

disp(['Average RGB value written to file: ' txt]);



Appendix I - Histograms of the subjective responses
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Figure I1 - Percentage of responses per condition for the reported association with nature

Tense arousal per condition at the end of baseline
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Tense arousal per condition before stressor
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Figure I3 - Percentage of responses per condition for the reported tense arousal level pre-stress

Tense arousal per condition after stressor
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Figure 14 - Percentage of responses per condition for the reported tense arousal level post-stress
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Tense arousal per condition after recovery
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Figure 15 - Percentage of responses per condition for the reported tense arousal level after recovery

Energetic arousal per condition at the end of baseline
Control Static Dynamic

1 2 3 4 1 2 3 4 1 2 3 4

Energetic arousal

Percentage of study population

Graphs by condition

Figure 16 - Percentage of responses per condition for the reported energetic arousal level at the end
of the baseline



89

Energetic arousal per condition before stressor
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Figure 17 - Percentage of responses per condition for the reported energetic arousal level pre-stress

Energetic arousal per condition after stressor
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Figure I8 - Percentage of responses per condition for the reported energetic arousal level post-stress



Energetic arousal per condition after recovery
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Figure 19 - Percentage of responses per condition for the reported energetic arousal level after
recovery
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Appendix J - Histograms of SCL at the different moments

SCL per condition during the baseline
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Figure JI - Percentage of responses per condition for skin conductance level (SCL) during the
baseline
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Figure J2 - Percentage of responses per condition for baseline-corrected skin conductance level
(SCL) before the stressor task
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SCL per condition during the stressor task
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Figure J3 - Percentage of responses per condition for baseline-corrected skin conductance level
(SCL) during the stressor task

SCL per condition during the recovery period
Control Static Dynamic

o ‘ 'ﬂ |‘i
o™
e
o -
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4

mean SCL (uS)

30

Percentage of study population

Graphs by condition

Figure J4 - Percentage of responses per condition for baseline-corrected skin conductance level
(SCL) during the recovery period
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SCL per condition during the 1st minute of the recovery period
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Figure J5 - Percentage of responses per condition for baseline-corrected skin conductance level
(SCL) during the first minute of the recovery period

SCL per condition during the 2nd minute of the recovery period
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Figure J6 - Percentage of responses per condition for baseline-corrected skin conductance level
(SCL) during the second minute of the recovery period
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SCL per condition during the 3rd minute of the recovery period
Control Static Dynamic

<o |
<t

0 1 2 3 4 0 1 2 3 4 0 1 2 3 4

mean SCL (uS)

30

Percentage of study population

Graphs by condition

Figure J7 - Percentage of responses per condition for baseline-corrected skin conductance level
(SCL) during the third minute of the recovery period

SCL per condition during the 4th minute of the recovery period
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Figure J8 - Percentage of responses per condition for baseline-corrected skin conductance level
(SCL) during the fourth minute of the recovery period
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SCL per condition during the 5th minute of the recovery period
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Figure J9 - Percentage of responses per condition for baseline-corrected skin conductance level
(SCL) during the fifth minute of the recovery period
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Appendix K — Descriptive statistics of the separate recovery minutes

96

= =
=1 o = N Q [=}
Variable S = = 2 = = = 52 S£31 F£ 28 Fgi
1st recovery minute Control 24 1.80 0.99 1.47 0.01 3.91 0.93 0.11* 0.33 0.78 0.57*
Static 23 1.62 0.50 1.64 0.62 2.77 0.95 0.32* 0.72 0.42 0.66*
Dynamic 21 1.38 0.62 1.36 0.12 2.89 0.92 0.07* 0.20 0.10 0.12*
All conditions 68 1.61 0.75 1.50 0.01 3.91 0.94 <0.01 0.02 0.06 0.02
2nd recovery minute  Control 24 1.59 0.93 1.26 0.02 3.68 0.92 0.06* 0.17 0.68 0.33*
Static 23 1.36 0.53 1.43 0.39 2.47 0.97 0.64* 0.77 0.80 0.93*
Dynamic 21 1.25 0.56 1.22 0.11 2.72 0.95 0.34* 0.45 0.10 0.17*
All conditions 68 1.41 0.71 1.28 0.02 3.68 0.94 <0.01 0.01 0.05 0.01
3rd recovery minute  Control 24 1.43 1.02 1.01 <0.01 3.60 0.88 0.01 0.06 0.86 0.14*
Static 23 1.25 0.56 1.33 0.29 2.42 0.97 0.62* 0.63 0.94 0.89*
Dynamic 21 1.20 0.64 1.10 0.04 2.99 0.94 0.20* 0.09 0.06 0.05*
All conditions 68 1.30 0.77 1.15 <0.01 3.60 0.92 <0.001 <0.01 0.06 <0.01
4th recovery minute Control 24 1.31 1.03 0.89 -0.02 3.59 0.89 0.01 0.06 0.83 0.15%
Static 23 1.17 0.52 1.21 0.24 2.28 0.98 0.89 0.82 0.63 0.87*
Dynamic 21 1.10 0.65 1.06 -0.01 3.07 0.92 0.07* 0.02 0.02 0.01
All conditions 68 1.20 0.77 1.03 -0.02 3.59 0.93 <0.001 <0.001 0.07 <0.01
Sth recovery minute Control 24 1.24 0.98 0.86 -0.07 5.53 0.91 0.03 0.09 0.80 0.19*
Static 23 1.19 0.54 1.19 0.21 2.81 0.94 0.17* 0.06 0.04 0.03
Dynamic 21 1.05 0.70 1.05 -0.03 3.08 0.92 0.09* 0.03 0.04 0.02
All conditions 68 1.16 0.76 1.05 -0.07 3.53 0.94 <0.01 <0.01 0.12 0.01

Notes: SD = standard deviation, * normally distributed (p > .05)



Appendix L — Scatterplots between SCL and arousal states

Figure L1 - Scatter plot of SCL and tense arousal right after the stressor task
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Figure L2 - Scatter plot of SCL and tense arousal at the end of the recovery time
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Figure L3 - Scatter plot of SCL and energetic arousal right after the stressor task
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Figure L4 - Scatter plot of SCL and energetic arousal at the end of the recovery time
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Appendix M — Responses of participants to the lighting condition they were in

Uniformly distributed light:

“A rectangle”

“A white rectangle”

“a irritating distraction”

“White camouflage”

“A white square”

“a window”

“White beamer screen”

“like a beamer starting a presentation”

“Like a white piece of paper”

“a window”

“window”

“white/light blue rectangle/screen”

a rectangle

“piece of paper”

“Just a normal blue/gray square”

“To me, it looks like a simple white shape”

“It's a gray rectangle”

“Like a screen or a whiteboard”

“A white rectangle”

“Just a squared lighted box”

“A rectangle”

“A blank projection that often goes dark until
the presentation is ready and appears. A neutral
screen before something occurs”

“Window”

“Like an empty screen - a bit as if it was
displayed by mistake, or like the beginning or
an end of some slides.”




Static dappled light pattern:

100

“Shadows of leafs”

“light shining on a forest floor through the leaves
of the trees.”

“leaves from a tree”

“Like the shadow of a bunch of branches?”

“two things come to mind: either a very zoomed
in, but blurry microscope picture; or some
moving foliage from a tree (blurry photo)”

“beamer”’

“Shadows or some sort”

“a small distruction”

“It reminds me of a tree. The leaves of a tree,
when you stand below the tree and look up and
light shines through.”

“Microscope with hair on the palet, but very
blurry”

“It looks like it could be part of a tree, the leafs
(I might be writing it wrong), but then without
color”

“Close up image of a piece of cloth”

“clouds” “A window showing shadows of trees and a bit of
sun.”

“fog or clouds” “Sunshine trough the leaves of a tree.”

“tie dye” “A beamer that is not working correctly”

’

“A blurry satelite image.’

“Vague shadow from trees and leaves”

“Clouds”

“like a shadow from trees”

“Leaves of a tree blowing in the wind.”

({Sk:y ”»

“water pattern”




Dynamic dappled light pattern:
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“tree branches moving in the wind”

“Shadows and sunlight”

“tree leaves that are moved by the breeze”

“The crown of a tree with leafs being moved
around by the wind.”

“It looks like parts of a tree (takken) that move
because of the wind.”

“tree branches in the wind, like pine trees”

“A tree (a shadow of a tree moving due to
wind)”

“Leaves on trees that move with the wind.”

“shades of leaves of a tree”

“Like some tree branches being blown out by
wind.”

“a very vague view from a window”

“Tree leaves”

“shadow of tree branches/leaves”

“Blurred static tree-casted shadow”

“Shadow of waving trees”

“A tree in the wind”’

“Like the leaves of a tree waving in the wind.
Also reminds a bit of waves in water.”

“tree branches in the wind”

“shadow of a tree”

“Moving tree branches seen from a window”

“Tree Shadows”

“«“ ’

‘ves

“Wind blowing through trees”

“branches with leaves being blown by the wind”
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