
Eugenia Victoria Ellis, et al.
Wellness in Today’s Technological Society

  Introduction  

 Due to advances in medicine, public health and technology, 1  people live longer 
today than they did 200 years ago 2 —but has the quality of human life kept pace 
with this longevity? Until the last century, people woke up with the sunrise, went 
to bed shortly after sunset, and extended the day with candlelight, oil lamp or a 
fi re. By the early twentieth century, electric lighting became common 3  and peo-
ple could stay awake throughout the night. Today, people experience many light-
related disorders and diseases exactly because they can stay awake for 24 hours per 
day in electrically illuminated indoor environments. Sleep loss is directly related to 
an increase in infl ammatory markers 4  and the effects of sleep deprivation and sleep 
disorders are associated with various chronic diseases. 5  Yet, lack of sleep is often 
overlooked or undervalued as a lifestyle risk factor for chronic disease. 6  

 Historically, the leading causes of death have changed from the communicable 
diseases of the nineteenth century to the chronic diseases of the new millennium. 7  
Infant mortality was 20 percent a little over a century ago. Another 20 percent of 
children died before age 5 due to infectious diseases such as smallpox, measles and 
diphtheria. 8  More children began to survive due to the introduction and wide-
spread use of penicillin and the polio vaccine in the mid-twentieth century. 9  Today, 
death from chronic diseases is double that of all others combined including infant 
mortality, nutritional defi ciencies and infectious diseases such as HIV/AIDS. 10  It is 
surprising when we realize that the primary sources of death 100 years ago were 
contagious diseases, while today it is chronic diseases such as cardiovascular and heart 
disease, stroke, cancer, type 2 diabetes and respiratory problems. 11  Today, people live 
longer and many causes of death can be delayed or avoided by lifestyle changes. 

 The important difference between a chronic disease and a contagious disease is 
that we can avoid most common chronic diseases by changes in lifestyle and diet. 12  
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Many chronic diseases may be caused by a type of infl ammation called metafl am-
mation, 13  which is associated with lifestyle and environmental sources 14  that are 
linked to chronic diseases, including depression and dementia. 15  Anthropogens 
cause metafl ammation and are a result of changes in the built environment due 
to the industrial revolution and changing lifestyles. 16  Anthropogens incite a low-
level immune response to a possible life-threatening situation, which builds up 
over time into a systemic response by the body. Although a person might have a 
genetic tendency to a certain chronic disease, early environmental infl uences can 
affect the later development of that disease. 17  Chronic disease can be affected by a 
mismatch between the environment for which one is evolutionarily and genetically 
programmed and the environment one is born into or is living in.  

  Evolution and Design  

 At fi rst glance, cultural/technological changes and biological evolution appear to be 
vastly different processes and indeed, they are. However, there are similarities as well. 
Biological evolution and engineering design can result in similar answers to similar 
questions, for example, the shape of a bird’s and aircraft wing. The need for timing 
in computers and other devices, the evolution of biological clocks and concepts 
underlying information systems are applicable to everything from biological evolu-
tion itself, to the rise of social media to how genetic systems function to database 
design and fi nally, to information processing in the human brain. Additionally, engi-
neering design and biological evolution must deal with both ultimate functions and 
proximate mechanisms, an ultimate function being the overall purpose of a device 
and the proximate mechanisms the means by which that overall purpose is achieved. 

 However, there are signifi cant differences as well. The ultimate goal of biological 
evolution is to preserve and propagate genes—organisms could be considered as a 
mere means to the end of spreading genes. When engineering the built environ-
ment, the ultimate goal is the health, well-being  and productivity of the people 
who will live there. While engineering design calculates measurable results, bio-
logical evolution is based upon errors that randomly occur in the genetic material. 
These errors may or may not turn out to have an advantage. Not every possible 
design or advantage arises in evolution that could be rationally expected. Biological 
evolution is also relatively slow compared with the pace of cultural/technological 
change. Thus, aspects of physiology, and even behavior, that might have been useful 
in our ancestors’ environments may or may not have changed to suit today’s world. 

 How does this impact design? What it means, in essence, is that we design for 
humans that are only partially adapted to the current environment. Also, this mis-
match between biology and culture is likely to get worse as the rate of technologi-
cal change increases. Thus, there must be a kind of evolutionary element, an almost 
irrational design perspective, to the creation of artifi cial structures in order to fi t 
those structures to the irrational/evolutionary elements of human nature. 

 An important aspect of our ancestors’ environment—all the way back to the 
origins of cellular life—is the gradual alternation of light and darkness generated 
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by the Earth’s rotation. For both engineering design and evolutionary reasons, this 
environmental condition has shaped the evolution of all living systems and has 
profound implications for artifi cial environments.  

  Biological Rhythms: Timing Is Everything  

 Biological rhythms, put simply, are regular periodic variations in any biological 
system. Everyone is familiar with some biological rhythms, such as the cardiac 
cycle, breathing and walking, but few recognize that rhythms are a fundamental 
characteristic of all living processes. Rhythms are found everywhere, from cycles 
in biochemical rhythms to subcellular rhythms in mitochondria to cell division 
cycles, as well as oscillations measured by electroencephalograms (EEG), the puls-
ing release of hormones, sleep-wake rhythms, menstrual cycles, annual rhythms in 
births and so on. The human body is comprised of hundreds of rhythms with a 
variety of frequencies. 

 Why so many rhythms with so many frequencies? Is there a deeper underlying 
purpose or are human rhythms merely a legacy effect of some prior evolutionary 
circumstance? This latter hypothesis seems unlikely in the face of the observation 
that all living systems—not just humans—incorporate rhythms into their funda-
mental operations. As science continues to investigate the role of rhythms in living 
systems, a number of fundamental reasons for their evolution have emerged. These 
include: 

   1.   The need for timing mechanisms in complex, goal-oriented devices . When a car is 
tuned, one important aspect to regulate is the timing so the engine parts func-
tion at the proper time with respect to each other. Living systems are exceed-
ingly complex, goal-oriented systems and require timing systems that are based 
upon oscillations or rhythms so that all parts work well with each other. 

  2.   Feedback control systems are inherently oscillatory . Biological systems incorporate 
various feedback control systems and these systems have a fundamental ten-
dency to oscillate. 

  3.   Output systems are often rhythmic in nature . Pumping blood, breathing, walking—
all of these are examples of output behavior or physiology that is inherently 
cyclic. It should not be surprising that the control systems for such rhythmic 
outputs—the heart or central pattern generators in the brainstem and spinal 
cord—are also oscillatory. 

  4.   Finally, the Earth’s rotation and revolution around the sun create major and predictable 
environmental fl uctuations to which Earth’s organisms must adapt .  

 The fi rst two reasons listed above are common to both engineering design and 
biological evolution. The fact that organisms use oscillations to time critical events 
may be partially due to evolutionary forces taking advantage of the rhythmic nature 
of feedback systems, but the need for timing is fundamental in both engineering 
design and biological evolution. The third reason is also part evolution and part 
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fundamental, as can be seen by the rhythmic nature of the internal combustion 
engine leading to wheel rotations in ground vehicles. The last reason—day/night 
and seasonal cycles—is not fundamental to design per se and therein lies a problem. 
Our devices may not have been designed with daily and/or seasonal rhythms, but 
our bodies have evolved those oscillations and this disconnect leads to artifi cial 
environments and societal demands that do not facilitate, and may actually interfere 
with, our daily and seasonal patterns. 

 Why do we care? If daily—referred to as circadian rhythms are not fundamental 
to complex designs, could we as humans dispense with them? After all, we are not 
living outside, subject to the vast environmental changes associated with day and 
night—if we want light at night, we can simply generate it. We are not dependent 
on the sun, so why should we be concerned? 

 Remember, the human body is composed of hundreds of biological rhythms 
with a variety of frequencies. One of the fundamental functions of rhythms is to 
coordinate multiple activities and cycles so the body can function optimally. And 
this is not merely a biological requirement but rather a constraint on any com-
plex, goal-oriented system. Thus, this requirement cannot simply be dismissed. The 
problem we face is that circadian rhythmicity has evolved, in part, to coordinate an 
organism’s various rhythms to maintain internal temporal order. 

 To fully appreciate the situation, consider a symphony orchestra. When arriving 
before a performance the musicians are tuning up and the result could not really be 
described as music—a cacophony of noise is a more appropriate description. What 
converts this noise to music? The conductor provides temporal order to the various 
components of the orchestra. The human body is a far more complex system of 
rhythms but nevertheless has a conductor—a master pacemaker or biological clock 
that provides temporal order to the system. This pacemaker runs at a frequency of 
about 1 cycle every 24.2 hours and is known as the circadian clock (located in an 
area of the brain called the suprachiasmatic nuclei of the hypothalamus or SCN). 

 The SCN accomplish two major tasks. The SCN help confer an internal tem-
poral order onto the various rhythms of the human body and mind. Also, the SCN 
positions these rhythms within the Earth’s cycle of day and night so that physiologi-
cal and behavioral processes occur at the appropriate times—activity during the day 
and sleep at night. Since the actual inherent rhythm of the SCN does not exactly 
match that of the day/night cycle (24.2 vs. 24), the SCN need to be reset every 
day to maintain the correct positioning, which is done by the rising and setting 
sun through our exposure to the right intensities and wavelengths of light at the 
right time of day. Everyone’s behavioral and physiological activities are regulated by 
rhythms of varying frequencies that are tied to a consistent daily pattern run by a 
biological clock synchronized to the sun’s day/night cycle. 

 What characterizes this day/night cycle? A light intensity that increases gradu-
ally (sunrise), then displays a powerful, sustained intensity (daylight) followed by 
a gradual decrease (sunset) and then a prolonged period of profound darkness 
(night). In addition to light intensity, the color of light changes from red-yellow at 
sunrise/sunset to blue-white at mid-day and near blackness at night. In terms of 
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   FIGURE 8.1   Spectral Response Curves for Vision, non-Visual Information and Light  

illuminance levels, light intensity might vary from 34,000 lux at mid-day to barely 
1 lux at sunrise/sunset to 0.0001 lux under a starry night (see  Figure 8.1 ).  

 While details vary depending on location and habitat, biological systems have 
evolved in environments which provide gradual illuminance changes covering 6–9 
orders of magnitude. 
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 How do most circadian clocks synchronize with the day/night cycle? The 
primary mechanism involves a pattern of specifi c phase shifts. Circadian systems 
vary in light-sensitivity across their circadian frequencies. To synchronize (a pro-
cess called entrainment) to day/night cycles, circadian systems typically undergo a 
repeating pattern of phase shifts which align the internal circadian clock with the 
external environmental cycle. Light exposure at times other than those that pro-
mote synchronization can shift rhythms dramatically and increase the chances of 
both external (mismatch between the external environment and internal rhythms) 
and internal desynchronization. 18  

 To make matters even more complex, for many circadian systems, including 
the human circadian clock, the internal frequencies of the clock are based upon 
the light intensity to which the organism is exposed. This involves both absolute 
intensity and duration. Thus, the frequency expressed by the human circadian clock 
differs with respect to seasonal changes in photoperiod and alters our daily rhythms. 
For example, during the summer, the period of the underlying circadian rhythm 
becomes longer and is expressed in a phase delay of the entrained rhythms; in 
winter, the opposite occurs and results in phase advances. These changes can trig-
ger signifi cant behavioral and physiological alterations, exemplifi ed in the human 
condition known as Seasonal Affective Disorder (SAD).  

  Anatomy of the Visual and Non-Visual Eye  

 When light enters the eye, the body responds in three ways: object recognition 
or vision, the internal and external synchronization of biological rhythms and a 
direct stimulating effect on alertness and performance. 19  It is important to under-
stand how we see and how the eye responds to light to understand how the body 
responds to light (Figure 8.2). If we can understand how the body responds to light, 
then we can know how to go about designing the indoor lighting environment. 

 People see when light enters the eye through a responsive, open pupil and passes 
through the lens. The lens and pupil work together to focus the light on the back 
of the retina at the fovea where cone cells are densely packed to provide fi ne visual 
acuity and color discrimination.  

 There are three kinds of cone cells responsible for color vision: red or long-
wavelength (L—564 nm peak), green or medium-wavelength (M—533 nm peak) 
and blue or short-wavelength (S—437 nm peak) (see Figure 8.1). Color is under-
stood by the brain as a comparison function between the L, M and S cone cells. The 
cones are less dense away from the fovea where they are intermingled with the rods. 
The rods (498 nm peak) are primarily responsible for peripheral vision and provide 
information about contrast and movement, which is why we respond quicker when 
an object comes into our peripheral vision than when we stare directly at it. 

 The cones are most active in medium and high light levels and function at 
higher  photopic  levels of illumination. The rods become overwhelmed with high 
light levels, but respond well at low light levels and function best at lower  scotopic  
levels. As the general environmental brightness drops, the cones become less effec-
tive and it becomes diffi cult to discern fi ne details and colors. When we move 
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   FIGURE 8.2   Anatomy of the Eye: Light in Layers  

 Source: Adapted by permission from Macmillan Publishers Ltd: [NATURE] (Corie Lok, “Seeing With-
out Seeing,” 469/7330, pp. 284–285), copyright (2011) 

from natural daylight to the indoor environment or from daylight to darkness, our 
eyes adapt to changing illumination levels. This transition requires that our eyes 
shift from photopic vision toward scotopic vision so that both rods and cones are 
contributing to vision. This intermediate lighting level is characteristic of most 
indoor environments and is the  mesopic  level when both cones and rods contribute 
to vision. 

 This change in spectral sensitivity is known as the Purkinje shift (see Figure 8.1). 
When the light intensity begins to drop toward darkness, vision begins to shift from 
cone vision to rod vision. The peak of the photopic response curve is at around 555 
nm and the scotopic peak is at 507 nm. Even though illumination levels are lower 
at the peak of scotopic vision, since rods are so light-sensitive, the relative lighting 
level appears to be over twice as bright. During scotopic vision, any light will blind 
the rods and will appear very bright, such as light fi ltering through a window at 
night. It is very possible this light may alter rhythms and/or stimulate arousal to 
cause temporal disorder. 

 A third type of photoreceptor is the retinal ganglion cell, which is located in the 
inner retina and sends signals from the rods and cones to the brain (see Figure 8.2). 

15031-0800d-1pass-r02.indd   100 23-03-2017   04:19:46



Wellness in Today’s Technological Society 101

Light to these cells causes the pupil to open or close and non-visual photoneural 
responses (circadian, neuroendocrine and neurobehavioral regulation). A small sub-
set (~ 1–3 percent) of these cells is called the intrinsically photosensitive Retinal 
Ganglion Cells (ipRGCs), which has an absorption peak at approximately 480 
nm. 20  As it turns out, there are two pathways for light to take on its way to the brain. 
Visual information can be taken by the optic nerve to be processed by the image-
forming centers of the brain. Or, non-visual information can be transmitted by 
another pathway to the suprachiasmatic nuclei (SCN), which relay signals through-
out the nervous system to provide information regarding time of day and ambient 
levels of light and darkness. The pineal gland receives these non-visual signals from 
the SCN, which regulate its production and secretion of the hormone melatonin. 
Melatonin makes it possible for the body to sleep. Melatonin production is greatest 
at night and lowest during the day for optimal circadian function. Its production 
is suppressed by blue-white light 21  with a peak at around 464nm, 22  which closely 
matches the 480 nm ipRGC peak (see Figure 8.1). 

 Rod light response peaks sharply at 498 nm in the blue spectrum and responds 
very little to red light (see Figure 8.1). This leads to some interesting phenomena. If 
mesopic vision is desirable, for example, high-acuity vision at night without circa-
dian rhythm disruption, then red-adapted vision is a solution. This can be achieved 
by using red light or by wearing red goggles. 23  This way the cones receive enough 
light for high-acuity photopic vision, for example reading, without disrupting our 
circadian rhythms. Similarly, red goggles can block the blue light of various elec-
tronic media. Rods are not affected by the red light because they are not sensitive 
to long-wavelength light. On the other hand, vision will have very little color 
contrast so what we see will appear in shades of gray, blue will become black and 
objects that are yellow will seem to disappear. Even dim light at night without a red 
fi lter is not desirable. Since rod vision is shifted toward the blue spectrum, even a 
tiny bit of light can transmit non-visual information to stop melatonin production.  

  Do Rhythms Really Matter?  

 Biological rhythms are key elements controlling physiological activities. Operating 
at various frequencies, these rhythms must be coordinated to achieve optimum 
health and well-being . Due to the impact and predictability of the day/night cycle, 
evolution has equipped all organisms—including humans—with powerful circa-
dian clocks that serve to both regulate these internal rhythms and align them with 
the geophysical cycle of day and night. Although multi-faceted, the most effective 
means of attaining this alignment (entraining) is through the appropriate applica-
tions of light and darkness through the eyes. 

 Two major implications of these observations are: 1) Inappropriate application 
of light or darkness will disrupt internal rhythms and temporal order; and 2) such 
disruptions will be detrimental to human health, well-being  and productivity. Are 
these implications actually true? 
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 They are indeed true. Although it is impossible to cover all the data currently 
available, accidental human experiments involving shift work and travel across time 
zones confi rmed through specifi c animal experimentation, have conclusively dem-
onstrated that disrupting circadian rhythms and internal temporal order negatively 
impacts both behavior and physiology. 24  Some of these adverse effects include an 
increased risk for cancer, 25  changes in brain function, 26  insulin resistance and obe-
sity 27  and greater incidents of cardiovascular disease 28 —all chronic diseases. These 
effects are heightened with special needs populations whose physiological systems 
are already under more pronounced stresses such as children with autism spec-
trum disorder, older adults with dementia and homeless individuals. In short, poor 
temporal hygiene generated by disrupting circadian rhythms leads to poor health 
outcomes and a decrease in the quality of human life. And what is one of the pri-
mary means of disrupting human circadian rhythms? Irregular schedules enabled by 
inappropriate electric lighting.  

  Chronobioengineering the Indoor Environment  

 Chronobioengineering uses knowledge gleaned from the natural world out of 
which we evolved to guide design of the built world into which we fi nd ourselves 
living today. While design regulations for indoor lighting focus on light levels for 
specifi c visual tasks, designers still need to consider the possible adverse health 
effects of electric lighting that could disrupt the building occupant’s temporal 
hygiene. Although lighting design alone cannot solve the problems generated by 
our modern 24/7 technological society, it might reduce its negative results. 

 Question—can lighting in our indoor environments be designed to promote 
temporal health without abandoning the fl exibility 24-hour light provides? The 
answer is maybe, but there will have to be some changes. The retina and SCN 
cannot distinguish between electric and natural daylight if the light is of simi-
lar wavelength and intensity. This represents both a disadvantage and advantage; a 
disadvantage if we design the indoor lighting environment without considering 
wavelength and intensity, but an advantage if we know how light impacts the cir-
cadian system. 

 In terms of timing, both mathematical models of biological rhythms and experi-
mental observations of circadian rhythms in organisms indicate that a gradual onset 
and offset of light intensity will generate a far more powerful and sustained syn-
chronization than light pulses or even a typical square-wave approach. A typical 
square-wave lighting system (such as turning lights on at 6 am and off again at 6 
pm generating a LD (Light/Dark) 12/12 cycle) is not optimal for entrainment of 
circadian rhythms. The signals generated by this LD cycle are perceived by the cir-
cadian clock not as a single timing signal but rather as a mixture of many sine and 
cosine waveforms. These confl icting signals reduce the effi cacy of the LD cycle as 
a synchronizing agent. 29  

 A more appropriate sinusoidal light intensity waveform with suitable wave-
lengths means a gradual onset/offset lighting environment that changes wavelength 
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and intensity similarly to the rising and setting sun with sustained light inten-
sity throughout the day. This is like the lighting environment from which humans 
evolved. Light intensity varies dramatically throughout the day, drastically chang-
ing in intensity when measured in the gaze direction or vertical illuminance (E 

v
 ) 

(see Figure 8.1). Natural daylight from the sky vault is characteristic for most of 
the outdoors, which does greatly differ in intensity than if we gaze horizontally 
toward the sun (not at the sun). The graphs indicate a peak in long wavelengths 
during sunrise and sunset when the rays of the sun cut horizontally through the 
Earth’s atmosphere. How light is measured is important. In lighting design, light is 
characteristically measured by horizontal illuminance (E 

h
 ), or the measure of light 

on a horizontal surface, which is facing upwards. People rarely stare up at the ceil-
ing. Lighting should be designed for where people will be looking, whether across 
while seated at a desk or dining table, down at the fl oor while walking, or up at the 
ceiling while in bed or a dentist’s chair. 

 In terms of perception, designers can take advantage of the different absorption 
spectra of photoreception involving circadian rhythms and vision. If current studies 
by the dLUX light lab at Drexel University are confi rmed, dim red light will allow 
for activities during the dark phase of lighting while having little or no impact on 
the circadian system. 30  Therefore, absolute darkness may not be needed to avoid 
circadian disruption, support for the notion of circadian design in lighting systems 
for temporal health. 

 Human vision is normally better with daylight than electric lighting. This is 
largely due to the higher intensity of natural daylight and its better color rendering 
index, two properties of light that electric lighting seeks to copy. 31  Even though 
we tend to prefer the light levels of natural daylight, especially as provided by the 
mid-day sun, we do not always adjust our indoor lighting environment to follow 
the natural changes in daylight in its daily change from the rising sun to the mid-
day sun to the setting sun. 32  Unfortunately, in order to reduce heat from the sun in 
warm climates, we often shade our windows to keep out the light and use electric 
light instead to see, when we could be controlling the natural daylight to both see 
and boost our circadian systems.  

  Guidelines for Environmental Illumination  

 Natural daylight is the part of the electromagnetic spectrum seen by the human 
eye and processed as visual and non-visual information. Research has shown that 
people working in natural sunlight are more productive, more effective and happier 
than those who work under traditional electric light 33  and that indoor lighting has 
increasingly become a public health issue. 34  In June 2012 at the American Medical 
Association (AMA) annual meeting, their House of Delegates declared that light 
at night results in adverse health outcomes. Furthermore, the Council on Science 
and Public Health recognized that exposure to excessive light at night, including 
extended use of various electronic media, can disrupt sleep or exacerbate sleep 
disorders. They recommended that the AMA support research into new lighting 
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technologies and the use of lighting at home and at work to minimize circadian 
disruption and provide light for daily activities. 35  

 It is easy to maximize natural daylight in the design of the indoor environment 
for health and wellness. For building design, 1) use large areas of north-facing glass 
and 2) provide many windows on the other three façades with sun control devices 
to shade the glass from radiant heat while redirecting natural daylight deep into the 
building interior. For interior design, use natural illumination together with elec-
tric lighting to provide ambient light while controlling glare with window treat-
ments. The use of natural daylight to guide the design of a building is a rather old, 
yet effective, technology that predates the Roman atrium. In the lighting industry, 
electric lighting has changed greatly over the past 10 years from the use of either 
electric-fi lament or gas lamps in light fi xtures to the light-emitting diode (LED) 
lamp, or the integrated LED luminaire with no lamp at all but LEDs integrated 
within the fi xture. 36  

 Compared with either electric-fi lament or gas lamps, LEDs can most closely 
match the full spectrum of natural daylight in color and intensity, can be tuned to 
mimic the rising, setting and noontime sun, and can provide red light at night (see 
Figure 8.1). In addition, the LED waveform has continuous variability like natural 
daylight, while the waveform of the gas-lamp is jagged and discontinuous. Colors 
of the various peaks of a gas lamp light source can sum to equal white, but there 
are gaps in the spectrum, which is likely why human vision is more comfortable 
with daylight than gas-lamp lighting. The continuity of the LED waveform holds 
the promise of more closely matching the comfort of natural daylight. Research 
is underway at the dLUX light lab to measure the eye’s response to the different 
waveforms of electric light with respect to comfort and to confi rm the wavelength 
ranges for melatonin production and/or suppression. 

 Depending on jurisdiction, various codes govern the required light levels for 
indoor lighting at the local, state and national levels. Also, the Illuminating Engi-
neering Society provides recommended practices for various user groups. What 
these guidelines do not take into consideration is the changing physiology of the 
aging human body or special needs populations. For example, aging decreases 
pupil area and reduces lens light transmission which blocks blue light and results 
in progressive loss of circadian photoreception. The amount of light reaching the 
human retina decreases about 1 percent per year. This means that if a 10-year-old 
child’s retina receives 100 percent of available light from the environment, then 
the 90-year-old adult retina receives only 10 percent of that available light. This 
drastically limits the older adult’s circadian system from receiving the light it needs 
for photoentrainment 37  and is likely why studies recommend blue-shifted light of 
6500k with lighting levels as high as 2500 lux for older adults, 38  for at least a por-
tion of the day.  

  Conclusion  

 Lighting the indoor environment considers the use of the space together with the 
particular needs of the person who will be occupying the space and his/her special 
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needs. For optimal health and well-being  in interior architecture, environmental 
illumination supports improved circadian photoreception by using natural daylight 
together with electric lighting that mimics light from the sun and the solar day.  
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