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ABSTRACT

Despite ample research on light's effect on the human body (and particularly its effect on student and
teacher health and performance), understanding of light's role in operational energy consumption, and
advancement made in architectural design to address these impacts, little is known about actual use
patterns and occupant exposure to light in classroom settings. Through the measurement of lighting
conditions and an examination of occupant behavior under both electric and natural lighting systems in K-
12 schools of Southern California, this research aims to bridge gaps between knowledge of light's impact
on the human body and results of human exposure to various light as well as our understanding of
occupant use and the current architectural design of schools. An analysis of illuminance and color
temperature measurements across 21 classrooms, observations, and questionnaire responses from 27
teachers reveals muted daylight availability and low and warm color electric lighting conditions in the
classroom that consistently falls below recommended illuminance and light levels, as well as lighting
controls, installations, and design that may not allow for adequate control within these rooms by
occupants. The work presented informs future design choices and assumptions made by architects of K-
12 schools, and may provide context for research on and estimates of light's biological impact on
students.

Thesis Supervisor: Leslie Keith Norford, PhD Thesis Supervisor: Christoph Reinhart, PhD
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INTRODUCTION

"There is no area of our mental and bodilyfunctioning that the sun does not influence. Our bodies were

designed to receive and use it in a wide range of ways. We were not designed to hidefrom it in houses,

offices, factories and schools. Sunshine, reaching us through our eyes and our skin, exercises a subtle

control over us from birth to death, from head to tail." - Downing, 1988

As the world becomes more urbanized, humans are spending more time indoors and, by

extension, under artificial lighting. In these indoor spaces, especially those in which humans spend much

of their productive time such as offices and schools, light is needed not only to carry out basic tasks but is

also needed to execute biological functions which drive our wellbeing. As a result, the effects of daylight

and various electric lighting systems on the human body have been well documented.

In particular, lighting has been shown to influence, amongst other biochemical reactions, the

circadian rhythm, hormone levels, and vitamin D production of humans and through them, mental health,

vision and eye development, risk of disease, dental health, fatigue, alertness and physical growth. Many

of these biological effects have a large impact on the health of developing children in the United States,

or at the very least may have long-term consequences for student occupants as, over 13 years of

compulsory education, children spend approximately 8 hours a day, 180 days of the year sitting in

classrooms which may often times lack occupant choice in movement and building use. In addition to its

effect on human health, light has also been linked to the performance and productivity of students in

schools.

Research that addresses the effects of light on human aspects has, in current times, translated to

an emphasis on student wellbeing, satisfaction and performance over financial and environmental

efficiency in classroom and school building design. School design more often than before aims to address

effective daylighting and electric lighting system design solutions for student and teacher occupants.
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Despite the advancements made in understanding the effect of light on the human body and

building efficiency, and through this knowledge design solutions which provide effective lighting for

classrooms and their occupants, little research has been made on the actual use and intake of light by

students and teachers in classrooms.

The purpose of this research is to study the actual use of and exposure to artificial and natural

lighting in K-12 public classrooms in order to bridge gaps between the known effects of lighting on the

human body and sustainable design, and actual use and intake by classroom occupants. Put more simply,

the research is interested in knowing how occupants actually interact with lighting systems (as opposed

to the expected use by designers) and how much light occupants are receiving (in comparison to research

which describes the benefits and detriments of exposure to light at various levels and spectrums).

The thesis aims to answer: How do students and teachers use and operate light on a day-to-day

basis? To how much and what composition of light are students exposed? Are there differences in use

and light quality between schools of different age groups, subjects, or other social variances? What are

the gaps between design or expected occupant behavior and actual use of lighting systems in schools?

In approaching these questions, two primary sets of data will be collected from classrooms in

participating public elementary, middle and high schools in the Orange County-Los Angeles area.

Quantitative data on light composition and levels - including illuminance provided by natural daylight,

illuminance provided by electric lighting, and color spectrums of artificial lighting - will be collected in

each classroom independently of data on human use - including the manipulation of blinds, manipulation

of switches and occupant perception. Data collected regarding human use will require the approval of

MIT's Committee on the Use of Humans as Experimental Subjects (COUHES) as occupants will be

observed and teachers will be surveyed on the use of lighting in their classrooms.

Data collected will ultimately inform the design of healthy and active classroom spaces and

provide an estimate on the levels and composition of radiation school-aged children are exposed to in
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relation to the estimated benefits of healthy lighting.

The following proposal is organized into four sections. Below, a literature review is provided

discussing light, its effect on humans, its subsequent effects on design and efforts made to quantify light

use in classrooms in more depth. The proposal additionally includes a more detailed discussion of the

problem and objectives of this thesis, an outline of research methodologies, and a timeline surrounding

the development of the thesis.

BACKGROUND

LIGHT AND HUMANS

As the world becomes more urbanized, people are spending far less time outdoors and far more

time indoors, be that in school or at the work place. Effectively, people are spending more time under

artificial lighting, and while artificial lighting may provide enough illumination for humans to perform

certain activities, it can only simulate natural lighting to certain degrees. Electric lighting often provides

illuminance levels between 215 - 1,600 lux in comparison to the 2,700 - 100,000 lux provided by the

natural environment between twilight and noon, likewise, electric lighting cannot provide the same range

of light wavelengths as does the sun, sometimes lacking the blue color of our natural environment or

ultraviolet light (Hathaway 1995). This high discrepancy between the amount and quality of light being

received by humans and the natural outdoor light levels to which our bodies have adapted has raised

concerns regarding human health, and by extension the health of school-aged children as light may

heavily impact the development of the human body during this age. As such, research studying the

effects of quantity, composition and intake of light on the human body has been conducted; a summary

of those explored in this proposal is presented in Table 1.
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Table 1. Summary of the effects of lighting on human/student health

HUMAN ASPECT CONTRIBUTOR SUMMARY OF FINDINGS
Minimum light levels are required in order for occupants to

Vision Amount complete basic tasks, office/school spaces require about 300 lux
for reading. (Rea 2000; "Best Practices Manual" 2002)

High lighting levels, 10,000 lux, promote dopamine production
Eye Development Amount and protect the eye from deformation and near-sightedness

(Dolgin 2015)
Wavelength Light composition affects circadian rhythm, blue light is needed

Sleeping Patterns Composition during the day to promote healthy sleep patterns (Figueiro and
[Blue light] Rea 2010)

Wavelength Students exposed to full-spectrum light are likely to have higher
Student Attendance Composition attendance (approximately 3.2 more days) (Hathaway 1995)

[Full Spectrum]
Wavelength Students exposed to full-spectrum light mimicking natural

Student Performance Composition lighting are more likely to have higher standardized test scores
[Full Spectrum] (Hathaway 1995)

Wavelength Developing students exposed to full-spectrum lights with UV are
Physical Growth Composition more likely to have greater gains in mass and height (Hathaway

[Full Spectrum / UV] 1995)

Wavelength Developing students exposed to lights with UV supplements are
Dental Health Composition at less risk of developing dental cavities (about 20% less likely)

[UV light] (Hathaway 1995)

Window views to the nature have been shown to provide
Satisfaction Exposure to Nature humans with a connection to the outdoors, improving wellbeing

I I (Gilchrist et al 2015)

A study conducted by Hathaway in 1995 aimed to study the effects of lighting types and metric

quality on the nonvisual effects of developing school age children. Studies prior to this work

demonstrated positive effects of UV light on human health, including Vitamin D production, calcium

intake, reduced tooth decay, and cleaner surfaces (UV light kills bacteria more effectively); light was also

shown to relate to improved working ability, academic performance, vision, resistance to fatigue, and

increased weight and growth. Additionally, studies had demonstrated the color spectrum of lights

affected human lethargy, perception, and blood pressure. Working off previous studies, Hathaway

analyzed the effect of different artificial lighting types in the classroom - traditional, full-spectrum

fluorescent lamps, full-spectrum lamps with UV supplements, and cool-white fluorescent lamps - on the

rate of students' dental cavities, attendance, achievement, and general growth and development over a

two year period (fourth grade through sixth grade). The study found that the type and qualities of
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artificial lighting provided in classrooms did indeed had nonvisual effects on the students. Students

exposed to the UV supplement developed significantly less dental cavities than students not exposed to

UV lights. Students who were exposed to full-spectrum fluorescent lights additionally demonstrated

higher scores on standardized tests and higher attendance rates (about 3.2 days more per student)

despite having no collective significant differences prior to the experimental study. Students exposed to

full-spectrum lighting with UV supplements likewise had the greatest growth in height and weight over

the two years, as compared to students who were not exposed to UV or full-spectrum lighting. (Hathaway

1995)

Table 2. Summary of Hathaway, 1995 findings
FACTOR SITE

1 2 3/4 5

COLOR CHARACTERISTICS Golden Bluish Bluish + UV Yellow-Green

COLOR TEMPERATURE (K) 2100 5500 5500 4250
(>5000 = DAYLIGHT)

COLOR RENDERING INDEX (CRI) 21 91 91 62
(100 = DAYLIGHT)

EFFECTS ON STUDENTS

REDUCTION IN CAVITIES - + nab

ATTENDANCE RATIOS + +

ONSET OF MENARCHE - + +

GAINS IN HEIGHT + +

GAINS IN WEIGHT +

GAINS IN BODY FAT + + +

ACADEMIC ACHIEVEMENT - + + +

With regards to lighting's effect on sleep, studies conducted by Figueiro and Rea at Rensselaer

Polytechnic Institute (RPI) concluded that school-aged students exposed to daylighting were also exposed

to more short-wave or blue light, affecting the natural circadian cycle on those students by allowing them

to have healthier and more regulated sleeping patterns; in contrast when short-wavelength light was

artificially removed for five-days from young students' exposure in school, dim light melatonin onset was

significantly delayed (Figueiro and Rea 2010).
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Likewise, the amount of light humans are exposed to during growth affects eye development and

risk of near-sightedness, or myopia. Originally thought to be a genetic problem and then associated to

academics and excessive use of electronic screens, steep rises in childhood myopia - in the United States

alone about half of young adults are near-sighted, twice as many than fifty years ago - has prompted new

research into the causes of near-sightedness. Researchers have found childhood development of near-

sightedness to be inversely linked to hours spent outdoors independent of the activity conducted, as

opposed to hours spent reading or on the computer. In other words, children who are exposed to more

natural light are less likely to develop myopia, regardless of whether they are physically active; those who

read outside receive the same benefits as those who played outside. Further research demonstrates that

high levels of illumination, natural or electric, slows the development of myopia in animals, such as baby

chicks, by about 60% as compared to indoor light levels. One hypothesis is that light increases dopamine

in the retina which effectively protects the eye from elongating during development. Specifically,

researchers at the Australian National University in Canberra estimate that children need three hours of

outdoor light at 10,000 lux on a daily basis in order to protect themselves against myopia - for

comparison, a well-lit classroom typically exhibits light levels of about 500 lux. (Dolgin 2015)

Though not necessarily tied directly to the metric quantification of light in buildings, research

suggests that views to the outdoors are related to the satisfaction and wellbeing of occupants, especially

when views include natural features such as grass and trees. In particular, research by Gilchrist et al

suggests that views to the outdoors and the presence of natural features may have a deeper impact on

occupant wellbeing than time spent outdoors during breaks (Gilchrist, Brown, and Montarzino 2015).

The effects light has on human wellbeing potentially bleeds into the productivity of users. In the

office setting, the 'happy-productive-worker hypothesis' suggests that wellbeing and job satisfaction are

closely related to job performance, productivity, and civic behavior; this relationship is strongest amongst

people undergoing complex or cognitive work (Harter, Schmidt, and Keyes 2003; Judge et al. 2001).
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LIGHT, CULTURE, AND SPACIAL EXPERIENCE

In addition to the biological and psychological effect light has over the human body, light is also a

vital aspect of our culture and our human experience within spaces. Despite the range of ways which light

may stimulate our senses, experiences, and thoughts, buildings today are constructed to provide

standardized light, temperature, and humidity. To quote Lisa Heschong's Thermal Delight in Architecture:

"A parallel might be drawn to the provision of out nutritional needs. Food is as basic to our survival as is

our thermal environment. Just as thermal needs have been studied, so scientists have also studied the

basic nutritional requirements of human beings. Our level of understanding makes it theoretically possible

to providefor all of our nutritional needs with afew pills and injections. However, while eating is a basic

physiological necessity, on one would overlook the fact that it also plays a profound role in cultural life of a

people. A few tubes of an astronaut's nutritious goop are no substitute for a gourmet meal. They lack

sensuality - taste, aroma, texture, temperature, color. They are disconnected from all the customs that

have developed around eating - the specific types offood and social setting associated with breakfast,

with family dinner, with a sweet treat... A proper gourmet meal has a wide variety of tastes - salty, sweet,

spicy, savory - so that the taste buds can be renewed and experience each flavor afresh. This renewal

mechanism seems to be especially active for the thermal sense when we experience a temperature change

within the basic comfort zone. There is an extra delight in the delicious comfort of a balmy spring day as I

walk beneath a row of trees and sense the alternating warmth and coolness of sun and shade.

"We all love having our world full of colors, every color in the rainbow and then some. Even

though studies have shown blue to be the most restful color, I doubt that anyone would put forth an

argument for a monochromatic world. And yet a steady-state thermal environment is the prevailing

standard for office buildings, schools, and homes across the United States" (Heschong 1979, 17 - 20).

A similar parallel can be drawn for light. Light is as vital to our human experience and poetic
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thoughts as experiencing the sense of taste, touch, and sound. Yet in our spaces, we fail to provide

sensual stimulation through light and connections to the outdoors; stimulation which may prove to

educate, enlighten, and enhance the daily lives of occupants just as we also introduce new sounds,

instruments, tastes, and sensations to young learners.

THE ROLE OF LIGHT IN CLASSROOM DESIGN

As a result of the human needs for light and environmental and financial efficiency concerns, light

has affected the development of policy, design and use in public classrooms over the past two centuries.

As early as the nineteenth century, daylighting in schools had been a topic of interest and had

influenced architectural design. One of the first design guides for educational facilities, School

architecture: being practical remarks on the planning, designing, building, and furnishing of school houses,

by Robson was published in 1874. With regards to lighting, the book suggested classrooms should have a

20% glazing area, and north or north-east facing windows in order to minimize glare and heating. These

guidelines deeply influenced the design of schools in the United Kingdom in the 1800s. (Wu and Ng 2003)

Likewise, several trends, attitudes towards education and advancements in research affected

policy and design solutions in classrooms between 1900 and the present. In the midst of the open-air

school system boom in the early 1900s, the Illuminating Engineering Society pushed for the use of

reflected or diffused lighting in order to improve reading light in classrooms. Post-World War II,

innovation in construction and scientific studies - which quantified metrics of lighting - influenced the

adoption of school building regulations in the UK which recommended a minimum of 2% daylight factor

and 5% where possible but neglected the effects of glare and heating. In the 60s and 70s, the integration

of air-conditioning and fluorescent lighting as well as the oil crisis primarily influenced the design of

classrooms; in particular, occupants desired the environmental uniformity which electric lights and air-

conditioning could provide indoors, but needed to make the systems as "efficient" as possible in order

conserve energy sources during the shortage. As a result classrooms were designed to maximize the use
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of electric lights and air-conditioning and minimize the use of windows which allowed heat to transfer in

and out of the building, sometimes even resulting in windowless classrooms. As a result of a series of

studies between 1970 and into the 1990s that emphasized the effect of lights on human psychology and

health, designers once again began to consider human performance and satisfaction as central to the

classroom environment. (Wu and Ng 2003)

Today, ASHRAE provides a guidebook for the energy design of K-12 School Buildings, which aims

mainly to reduce operational energy consumption in the schools by 50% as compared to baseline schools.

The guidebook also makes note of the benefits of effective daylighting on student and teacher

productivity, pointing to studies conducted by Figueiro and Rea. In its guidebook ASHRAE indicates that

designers should implement daylighting early into the design scheme, implement daylighting that

provides controlled quality lighting by eliminating uncontrolled direct radiation onto the working plane,

implement lighting that provides a higher quality of light than electric lighting 60% of the time so that

occupants do not default to turning on the lights, and implement lighting that does not add superfluous

solar radiation to the classroom during peak cooling times. ASHRAE also provides various specific design

strategies in order to meet these objectives, including placing daylighting windows above 7 feet or 2

meters, minimizing view windows in addition to minimizing east and west facing glass, and not installing

operable shades or blinds to minimize the risk of unused windows. Most importantly, the guidebook

distinguishes View Windows, which provide a connection to the outdoors and in many cases are used as

display areas in schools which render the windows useless, from Daylighting Windows, which are more

efficient in directing light. ("Daylighting" 2011)

Another guidebook which provides guidelines on the design of classroom spaces is the

Collaborative for High Performance Schools' Best Practices Manual, which sites the benefits of high

performance schools as "higher test scores, increased average daily attendance, reduced operating costs,

increased teacher satisfaction and retention, reduced liability exposure, and reduced environmental
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impact." These guidelines focus design strategies on the benefits of student performance and

sustainability as opposed to health. Some guidelines include preventing direct sunlight penetrations,

avoiding glare, the use of gentle and uniform lighting, and integrated lighting controls. ("Best Practices

Manual" 2002)

QUANTIFYING LIGHT

Both the Collaborative for High Performance Schools in California (CHPS) and the Illuminating

Engineering Society of North America (IESNA) provide guidelines for minimum illuminance levels. For

classroom activities, light levels of about 30 - 250 foot-candles, approximately 300 - 2700 lux, are

recommended ("Best Practices Manual" 2002; Rea 2000). A summary of recommended illuminance levels

from IESNA and CHIPS accompanied by reference spaces and activities (Allen and lano 2006, 156) is

provided in Table 3.

Table 3. Summary of recommended illumination
RECOMMENDED ILLUMINANCE LEVELS

AT WORKING PLANE

]RECOMMENDED ILLUMINANCE

SOURCE DESCRIPTION (fc) lux

IESNA Orientation in public spaces 3 30

I-
z ESNA Orientation for short visits 5 55

0
IESNA Simple visual tasks 10 110

CHPS Screen Lecture 15 160

IESNA Kitchen, Conference Room 30 325
(high contrast, large size tasks)

2 CHPS Lecture 30 (min) 325
0
o 45 485
( CHPS Reading, Artwork, Social Time 30 (min) 325
51 45 485

IESNA Classrooms, Clerical Work 50 540
(medium contrast tasks)

IESNA Laboratories 100 1075
(low contrast, small size tasks)

IESNA Surgery 300 (min) 3230
(highly specialized tasks) 1000 10750

15



In addition to illuminance which measures incident light at any given point in time, other metrics

exist to determine if a space is naturally daylit such that electric lighting is minimally needed. Though the

metric does not account for glare, useful illumination, and in some cases excess of light, the daylight

factor is one of the simplest metrics to qualify daylit spaces and equals the fraction of illumination

outdoors under overcast conditions available at the working plane indoors, or DF = 100 x horizontal

illumination outdoors/horizontal illumination indoors ("Daylight Factor I Daylighting Pattern Guide"

2016). The metric is used under overcast sky conditions, on the basis that overcast skies are the "worst

case scenario" for natural daylighting (Reinhart 2012) and best represents lighting conditions in overcast

regions such as London (Kensek and Suk 2011). Daylight availability calculated under actual sky

conditions, including clear skies may better represent sunny environments such as Los Angeles (Kensek

and Suk 2011). As a rule of thumb, daylight factors between 2 - 5 are considered to be daylit, while those

below 2 are underlit and those above 5 are overlit ("Daylight Factor I Daylighting Pattern Guide" 2016).

BEHAVIORAL PATTERNS AND LIGHT USE IN THE GENERAL POPULATION

Research that explores human interaction with electric lighting systems and blinds exists,

especially within the realm of the office space. Overall, field studies demonstrate that "switching

behavior" or use of controls of lighting by individuals are conscious and consistent choices in the office

environment. The data collected by these studies suggest that individual control and behavior are partly

tied to patterns that are related to the external stimuli on individuals, including temperature and lighting

levels. However, while patterns may be identifiable on the level of the individual, these patterns vary

within groups of subjects. Some variables that affect these patterns include activity use, age, fatigue, and

culture. (Reinhart and Voss 2003)

Within the scope of individuals in the office space, these field studies point to specific behavioral

patterns. With regards to light switching, Love observed two human scenarios: people either switch on

the lights and keep them on even when temporarily absent, or people only use electric lighting when
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illuminance levels are too low (Love 1998). Hunt additionally observed that all lights are either switched

on or off simultaneously; switching primarily occurs when occupants are entering or leaving a space, and

switching lights on is strongly correlated to minimum daylight illuminances on the working plane (Hunt

1979; Hunt 1980).

With regards to the operation of blinds, Rubin found that people consciously set their blinds in a

position over a long period of time (weeks and months) as opposed to operating blinds on a daily basis, In

this study Rubin additionally found that blinds were more often kept open than closed (Rubin, Collins, and

Tibott 1978). Continuing with Rubin's work, Rea concluded that humans have long-term perception of

solar radiation and found that occupants close blinds in order to reduce solar penetration (Rea 1984).

Inoue additionally found that blinds are operated based on a threshold level of solar radiation (50 W/m 2),

and that operation is proportional to the penetration depth or solar radiation (lnoue et al. 1988). Lindsay,

who contrastingly found regular blind operation in some offices, speculated that blinds are generally

operated to avoid glare as opposed to heat (Lindsay and Littlefair 1993).

In 2001, Reinhart and Voss conducted research on the manual control of lighting and blinds in

connection with integrated control systems - primarily the use of automatic dimmers and automated

blind systems based on light levels, which could be overridden by occupants. The research served

primarily to reproduce and test "previously identified switching patterns" for the systems, and to

understand these switching patterns in the context of manual lighting control in the presence of

automatic controls. Findings generally supported the previous literature on switching behavior, with

regards to both electric lighting and blind systems. Approximately 88% of "switch-on" events occurred

upon arrival of the occupant; however, with the dimmer installed, "switch-off" events occurred much less

frequently than in previous field work as occupants sometimes failed to notice when the lights were

dimmed and not off. In the presence of automatic blind controls, the researchers found that half of all

manual adjustments were corrections to automatic blind adjustments, supporting the argument that
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occupants consciously set their blinds; of these corrections, 88% of users manually opened the blinds

after the system had closed them, additionally supporting the notion that people often leave blinds open

as opposed to closed. Overall, blinds were open approximately 80% of the time. (Reinhart and Voss 2003)

BEHAVIORAL PATTERNS AND LIGHT USE IN CLASSROOMS

While occupant behavior and manipulation of lighting systems have been largely studied in the

context of office spaces, little research has gone into studying the behavior of occupants in classroom

settings. In 2009, Sze's thesis for the Harvard Graduate School of Design set out to study the types of

lighting, temperature, air quality controls, and technologies in use in New York City public schools, their

use and occupant satisfaction. The purpose of this study was to ultimately inform strategies for improving

occupant comfort, reduce energy use and enhance occupant satisfaction. (Sze 2009)

With regards to lighting use, Sze collected data on natural and electric lighting levels in the

classrooms with an illuminance meter and collected information on lightbulb types, teacher satisfaction,

perception of glare, the adjustability of shading devices, and the adjustability of light levels through paper

surveys administered during staff meetings. (Sze 2009)

With regards to satisfaction, the thesis found about 70% of teachers in New York City public

schools rated the overall lighting quality in their classrooms as excellent or good; according to survey

results, glare from electric lighting was rarely a concern. Additionally, 85% of teachers did not perceive

the lighting system as providing multiple lighting levels in the room, even though controls allowed for

multiple levels of lighting. The majority of teacher discontent came from the operability of shading

devices which the teachers perceived as difficult to operate, broken, or too fragile. (Sze 2009)

As a result, about one third of teachers never adjusted the shading devices, and classroom lights

were always on at full capacity regardless of whether there is enough daylight in the room. About 50% of

teachers claimed to turn the lights on upon arrival and only turn them off at the end of the day; 5% of

teachers reported never turning the lights off. These claims were supported by field observations in
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which rooms were fully lit even when unoccupied. (Sze 2009) These findings seem to correspond with

similar findings in the office setting. The study additionally found that the classrooms each had three to

four rows of fluorescent light fixtures, most with three T-12 fluorescent tubes and either baffles or

diffusers and some with T-8 tubes. (Sze 2009)

As the study's focus was to provide efficient lighting for school systems in New York City, the

conclusions were directed at design strategies for the district. Lighting levels were found to meet the

minimum illumination levels required to complete school tasks. Strategies suggested included the

implementation of automatic dimmers to account for the contribution of natural daylight and counteract

the use of lights at full capacity. (Sze 2009)

Though the guidelines do not make reference to data or research on use patterns, the ASHRAE

guidebook for K-12 schools also makes certain assertions on occupant behavior in classrooms: teachers

may often use windows below 2 meters in height as display walls as there is limited wall space, and

occupants in schools "tend to adjust blinds for the long term" as they "are motivated to close blinds" by

glare and heat sources "but not to reopen them" as electric lighting is provided ("Daylighting" 2011).

PROBLEM

With regards to light and education, research has largely focused on light's impact on human

health and the environment, and this research has in turn influenced the design of classroom spaces to

better address human needs, performance and sustainability. The importance of both natural and

artificial light in the classroom cannot be understated as developing children spend a large portion of

their time in the educational system without much control over environmental conditions. It is also

important to note that, in addition to daylight, artificial lighting has varying benefits and detriments to the

human body depending on the composition and levels of light provided to occupants.

Despite the advancements in research and understanding, design strategies are largely based on

assumptions, anecdotal observations on occupant behavior, or observations adopted from settings
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outside of the classroom; likewise, while researchers know of effects of light on human health, estimates

on actual exposure to light and color temperature are needed in order to assess quantifiable effects of

light on the broader population. In essence, despite the abundance of research on and understanding of

light's effect on the human body, and particularly its effect on student and teacher health and

performance, knowledge of light's role in operational energy consumption in school buildings, and

advancements made in design to address these impacts, little is known about the actual use patterns and

occupant exposure to light in classroom settings. Research related to this topic has discussed use patterns

in office settings, touched upon possible use patterns in the classroom setting - though this research was

largely influenced by building flaws in the district - and discussed lighting system controls and

technologies available to classroom occupants in pockets of the United States.

OBJECTIVE

The purpose of this research is to further study the use of and exposure to artificial and natural

lighting in K-12 public classrooms in Southern California in 6rder to bridge gaps between the known

effects of lighting on the human body and sustainable design, and actual use and intake by classroom

occupants. The research is interested in knowing how occupants actually interact with lighting systems (as

opposed to the expected use by designers) and how much light occupants are receiving (in comparison to

research which describes the benefits and detriments of exposure to light at various levels and spectra).

The ultimate goal of this research is to inform classroom design strategies and to complement research

on light's role in human health by providing knowledge on use patterns and light intake.

The thesis aims to answer the questions:

* How do students and teachers use and operate light on a day-to-day basis?

* How much and what composition of light are students exposed to?
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" Are there differences in use and light quality between schools of different age groups,

socio-economic standing or other social variances?

* What are the gaps between design or expected occupant behavior and actual use of

lighting systems in schools?

METHODOLOGY

In order to effectively address the objectives of this thesis and provide a large enough data set of

information, data was collected from multiple K-12 classrooms in Orange County, California during the

month of January, 2015. As a native of Southern California and alum of schools in the area, the author

chose this region for research because connections to local school teachers and administrators had the

potential to streamline the process and make it and more comfortable for school administrators to

approve research on their campuses. These regions are additionally more likely to be regular in weather

on a day to day basis, and may provide more stability in the data collection of light. A total of 21

classrooms participated in quantitative data collection and observations and 27 teachers were surveyed

across five schools and two districts. Of these schools, two were elementary schools and three were high

schools; no middle schools chose to participate.

Data was additionally collected under two categories: qualitative data related to behavioral use of

light and quantitative data related to light quality and quantity. This separation of data serves dual

purposes: (1) separation of data corresponds to the two objectives of the research - use of and exposure

to light, respectively - and (2) separation of data related to human subjects from data relating to quantity

of fight aided in streamlining the review of research involving human subjects from MIT's Committee on

the Use of Humans as Experimental Subjects (COUHES). Approval for the study was granted by COUHES

(Appendix F) as well as school districts if they required research review boards prior to commencing data

collection.
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QUANTITATIVE DATA COLLECTION - LIGHT EXPOSURE

Quantitative data collected for each participating classroom included:

a) Illuminance measurements (lux) at the working plane within the classroom

b) Color temperature (kelvin) within the classroom

c) Illuminance measurements (lux) in the unshaded outdoors (an illuminance logger was

placed on the roof of a car parked near participant schools)

d) High-Dynamic Range (HDR) photographs within the classroom

Sets of measurements were collected twice in each classroom: once before or at the start of the

school-day and once during or after lunch. These metrics provide basic information on light levels and

color temperature changes throughout the day in comparison to outdoor light levels. However, due to

variations in classroom availability and bell schedules between high schools, elementary schools, and

schools at different districts, the time at which measurements were taken varied; the bulk of morning

measurements were taken anytime between 7 am -9 am, and afternoon measurements were taken

anytime between 11:30 am - 2:30 pm. During each set of measurements, three or more illuminance and

color temperature measurements were taken at student desks, near the center of the classroom.

Photographs were additionally shot in order to reference the location of measurements taken and to

document lighting conditions within the classroom. Simultaneously, an illuminance logger collected

values from an unshaded spot near the school once every minute.

A Luxifor All diffusion dome coupled with calibrated Cine Meter // software for the iPhone 5 was

used for collecting illuminance and color temperature measurements. This software was calibrated with,

and readings were compared to those of a trusted Skekonic color meter and illuminance meter. The

accuracy of Cine Meter // for the iPhone in comparison to trusted color meters from Minolta, Sekonic, and

Asensetek, has additionally been documented and reliably lies within 10% of trusted color temperature

averages when calibrated (Wilt 2016). The instrument was chosen because of its ability to dually display
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illuminance and color temperature readings in real time - which saved the need for both a color meter

and illuminance meter, its affordability, and its ability to log information with timestamps quickly - which

saved time from writing values manually.

QUALITATIVE DATA COLLECTION - HUMAN USE

Qualitative data relating to human use of lighting systems included:

a) 15-minute survey for teachers on their perception of classroom lighting

b) Observations on classroom behavior

All observations were conducted during regular scheduled class hours with minimal interruption

to classroom procedures and instruction. Surveys were administered both physically to participating

teachers and electronically via email in order to allow for flexibility in participation. The questionnaire

asked questions related to teacher's perception of their own use of lighting in the classroom and was

estimated to take approximately 15 minutes to complete. Teachers were informed of their right to not

complete the questionnaire or to end their participation at any time. A copy of the survey administered is

provided in Appendix H.

Observational data was additionally collected during a time-span of approximately 40 - 60

minutes for each participating classroom as notes in a physical notebook. The observational periods

aligned with classroom periods for high schools, but given the more fluid nature of schedules for younger

students did not overlap with significant benchmarks of time at elementary schools. Observations

included lighting conditions at the beginning of class time or the observational period, any changes in the

use of lighting systems including how often subjects turned on and off lights or opened and closed

shades, as well as the teaching methods employed and tools used during teaching.

Unlike the quantitative data, qualitative data involved using humans as research subjects, and in

particular involved minors who are considered a vulnerable population. As a result, the methods covered

in this section of the research were submitted for approval from COUH ES.
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Table 4. Data collected

HUMAN USE DATA LIGHT LEVEL + COMPOSITION DATA

SURVEYS + OBSERVATION DATA COLLECTION

How often lights are turned on/off Daylight illuminance levels in rooms (lux)
When lights are turned on/off Electric illuminance levels in rooms (lux)

How often shading devices are used Color Temperature of lighting (K)
When shading devices are used Types of lightbulbs used

Perception of lighting quality and glare Number and placement of lightbulbs used

Reasons for switching behavior Window to wall ratios

Obstructions to daylight Square footage of room

Perception of views to the outdoors

NOTE ON PARTICIPANT SELECTION

A total of 21 classrooms participated in quantitative data collection and observations and 27

teachers were surveyed across 5 schools and 2 districts. Of these schools, two were elementary schools

and three were high schools; no middle schools chose to participate.

Administrators of schools were contacted to request participation in December of 2015 and

January of 2016. If administrators agreed to participate, teachers were asked to participate in the survey

and observation of their classroom, as well as to open their doors to quantitative data collection.

Teachers and administrators were informed of the option to participate in some, all, or none of the forms

of the study, to advise changes to protocol based on their school's interest, or to reject the offer all

together. Where administrators presented the opportunity for the researchers to reach out to teachers,

teachers were selected on the basis of covering as many types of classrooms or school subjects (English,

art, math, science, history, etc.) in order to obtain data that more accurately depicted an average school

day.

No parent permission forms were sent to students being observed. In accordance with COUHES

procedures, the institutional review board (IRB) waived consent from parents for student observations

primarily because observation posed minimal risks to subjects, the waiver would not contradict the rights

and welfare of the subjects as described in the Family Educational Rights and Privacy Act (FERPA) (as no
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data on individual identity, identifiable records or educational records were collected) and the Protection

of Pupil Rights Amendment (PPRA) (as no survey was conducted on minor students and no students were

exposed to instructional materials outside of those already in place by the school system), and the

participation of all students in a classroom was needed in order to sit in and adequately study group

behavior.

FINDINGS

LIGHT EXPOSURE

1. Color temperature

Analysis of color temperature averages within in classrooms reveals stark differences between

lighting conditions in classrooms when naturally lit and when electrically lit.

On average, when lights were turned off and classrooms that had windows were solely lit by

daylight, the rooms offered color temperatures comparable to those of the natural environment -

approximately 5000 K. While classrooms which have windows provided for natural color levels on

average, color temperature varied widely in the naturally lit rooms, with color temperatures ranging

anywhere between 3200 K (comparable to standard electric lighting) and upwards of 7000 K excluding

one outlier measured at 12,000 K (potentially more blue than the sky on a given day). The data likewise

reveals that a majority of classrooms experience color temperatures below the average of 5000 K. This

data excludes classrooms which do not have a window of any size, and which are thus constrained by

electric lighting output alone.

Unsurprisingly, when lights were turned on, electric lighting combined with natural lighting

provided for incredibly uniform color temperatures averaging 3400 K with deviations of no more than

1000 K. When visualized these data points appear as tight clusters, compared to the dispersion under

solely naturally lit conditions (Figure 1). The uniformity under electric lighting consistently exposes
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occupants to color temperatures 1500 K below both daylighting levels and target levels of 5000 K which

represents direct sunlight at about mid-day. The difference between color temperatures under electric

and natural lighting is even greater when compared to morning color temperatures which are bluer.

The graphs accompanying Figure 1 contain data points representative of classroom averages

when the lights are on in the morning, on in the afternoon, off in the morning, and off in the afternoon as

read from left to right. Total averages for each set of data are represented as white bars within the graph.

Common color temperatures of other light sources are provided alongside the graph for reference ("Entry

& Foyer Lighting Planner: Color Temperature" 2016; Konica Minolta, 14). Data is additionally summarized

in Table 5 and a full data set of averages for each classroom is provided for reference in Appendix C.

Table 5. Summary of average color temperatures.
Average color temperature with lights on, compared to when only daylit and to static target.

MORNING AFTERNOON

DAYLIGHTING LGTI DIFFERENCE DAYLIGHTING LGTI DIFFERENCE

AVERAGE 5213 3390 -1823 4741 3430 -1311

TARGET 5000 -1610 5000 -- -1570
COMPARISON (static target) , -110 (static target) _ I

26



COLOR TEMPERATURE (K)

0
0

a

0

000 As1

0

0

0

RECOMMENDED

0

0

0 o0
0#8O

0t 0

0
0

00

0

0

0

0

0

0

0
0 00

0
00
0

0

5500

5000

-4 4500

4000

3500

3000 M5 i N

2500

2000

Figure 1. Color temperature (K) in.
Column 1: lights on, morning/afternoon.
Column 2: lights off,morning/afternoon.
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2. I/luminance

Illuminance measurements taken in electrically lit classrooms also provided fairly uniform lighting

conditions - lighting levels ranged between 235 and 640 lux - though this uniformity was not as

concentrated as color temperatures from the same electric sources. This may be attributed to personal

choices made by teachers on how lighting systems, especially those with multi-switches, are kept on;

while color temperature provided by fixtures cannot be changed manually, illuminance output can.

On average, classrooms provided for approximately 390 lux of illumination - about 90 lux above

minimum recommendations and within the range of recommended lighting levels. Despite this average,

about 7 of the 21 classrooms studied, or 33%, had average illuminance values below recommended levels

of 300 lux. Illuminance also varied from desk to desk, by as much as 100 - 200 lux. When lights were off,

natural lighting only provided for an average of about 20 to 25 lux of illumination within the classrooms.

47%, or nearly half of the classrooms with some sort of window provided natural illuminance values of

under 5 lux which is comparable to twilight. No room met the minimum recommendation of 300 lux with

natural lighting alone. Figure 3 and Table 6 summarize data on average illumination within classrooms.

The daylight factor is limited both by its simplification of light availability to the percentage of

light entering the room from light available in outdoor conditions and by its tie to the overcast sky

condition, therefore the specific analysis of daylight factor is not possible. However, a similar analysis may

provide insight on daylighting within the classrooms. Consistent with findings on illuminance levels which

revealed that no room was adequately lit for high contrast or medium contrast tasks under natural

lighting alone, nearly all rooms had indoor illuminance to outdoor illuminance ratios under 1%. It is

important to note that the values were derived from measurements taken under clear sky conditions.

It is worthy to note that, in both the case of illuminance and color temperature, measurements

were taken on clear days in winter, when sun angles are lowest and direct light may be maximized.
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ILLUMINANCE (LUX)
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Figure 2. Indoor:Outdoor Illuminance.
Taken under clear sky conditions.

Figure 3. Measured illuminance (lux).
Column 1: lights on, morning/afternoon.
Column 2: lights off, morning/afternoon.

Table 6. Summary of illuminance measurements and findings

MORNING

DAYLIGHTING
ELECTRIC
LIGHTING

DAYLIGHT
FACTOR

DAYLIGHTING

5%

z
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0
0

0

o 0

0 0

0

0

r-

1000

900

800
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600
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-0

AFTERNOON

AVERAGE 17 390 0.33% 28 389 0.29%

RANGE 2-173 135- 647 0-3.38% 2- 161 166- 639 1 0-3.81%

ELECTRIC
LIGHTING

DAYLIGHT
FACTOR
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These abstract values - illuminance and color temperature - can additionally be visualized within

the participating classroom. Figure 4 - Figure 6 on the next pages provide sets of photographs taken

within some classrooms to demonstrate the stark differences between measurements taken when lights

are on and when lights are off. Most notably, the photos demonstrate a clear visual difference between

color temperatures. Photos on the top, or those taken when electric lights are on, are visually "yellow" or

"orange" tinted, while photos presented on the bottom, or those taken when electric lights are off, are

more "blue". These photographs were taken at the same white balance and at exposure values of 0, or EV

0 within each classroom. Complete sets of photographs from all classrooms are provided in Appendix D.
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Figure 4. Classroom 4.1

31

I



Figure 5. Classroom 2.4
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Figure 6. Classroom 3.1
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USE OF LIGHTING SYSTEMS'

1. ELECTRIC LIGHTING

As a whole, available controls and switching behavior were found to have an impact on how often

lights were on and off in classrooms; for the most part, lights are kept on most of the time.

Though controls available in the classroom were diverse across both elementary and high

schools, high schools were more likely to be equipped with multi-switches while teachers at elementary

schools were more likely to report having one manual on-off switch and occupancy sensors (Figure 7).

Nearly all controls were located at the entrance of classrooms.

Though most were satisfied with the controls made available in the classroom, participants

unsurprisingly reported varied levels of control over lighting in correspondence with controls available.

Those with dimmers reported having the highest level of control over lighting (Figure 8), a feeling that

echoes the voice of a handful of teachers who actively volunteered their desire for dimmers in the

classroom. The relationship and importance between controls and classroom use is made evident by the

fact that approximately one third of participants who had access to multi-switches reported keeping only

a fraction of lights on at a time.

'This section provides a summary of data collected, and some accompanying figures that may be most relevant.
Where noted, figures in the appendix which may be relevant to the text but are not immediately provided are
noted in the format (Appendix 'X', Figure 'Y'). A full compilation of accompanying charts and graphs is provided in
Appendix E.
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Figure 7. Reported lighting controls
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Overall, a majority of participants reported actively switching lights on or off for instructional

purposes as needed, while relatively few reported leaving lights on for whole school days (Appendix E,

Figure 21). Correspondingly, only 20% of participants reported turning lights off because of

environmental lighting conditions, such as daylight availability or glare. These conditions only accounted

for 10% of all reported reasons for switching behavior in classrooms, while the use of presentations,

digital media, and other demonstrations and activities accounted for the majority of light switching

(Figure 9).

Figure 9. Reasons teachers turn lights off

Lo FE TOO BRIGHT
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The FOR ACTIVITY RELATED PURPOSES

10 USE PROJECTOR

O1HER. DIGITAL MEDIA

The differences in lighting controls between elementary and high schools, which predominantly

give more control over lighting conditions to high school teachers than elementary school teachers,

inform how often lights are on in the classroom. Figure 10 revels that high school classrooms are more

diverse in how often the lights are turned on; for example, while all elementary participants reported

having lights off less than half of the time, a handful of high school participants reported having lights off

most of the time, half of the time, and never. These differences in use patterns may be related to the

availability of multi-switches in the classrooms as well as the lack of occupancy sensors which may reduce

control. These differences may also be muffled by the fact that nearly all participants, regardless of their

demographic, primarily switch lights on or off for instructional purposes as opposed to environmental
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conditions, as described previously. We may expect to see more diversity in use patterns if environmental

factors play a greater role in switching behavior. On average, approximately 80% of participants reported

having the lights on "most of the time" (Figure 10).

Figure 10. Lights are turned on/off...
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HALF OF THE TIM -

NEVER

In addition to the reported use of shades, most participant schools were found to have tinted

windows. Some teachers and staff members volunteered information that the tinted windows are a

security and privacy feature for the schools and prevent potential criminals from viewing into classrooms

during lockdown situations. At one school, staff suggested tinted windows or closed shades were required

in order to protect the students during such events. However, it is unclear if tinted windows are used for

security at all participating schools, are primarily to prevent solar gains, or a combination of both.

2. DAYLIGHTING

Much as for electric lighting, participant elementary school classrooms were more likely to have

less control over shading in the classrooms (Appendix E, Figure 22). Approximately one third or 31% of

participants reported having either no shading devices or make-shift forms of shading in their classroom,
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of which a majority were elementary school participants (Figure 11). Especially at elementary schools, but

also in high schools, the mass use of windows as poster space for projects and assignments was observed.

Figure 11. Reported shading devices
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However, unlike in electric lighting, large diversity existed in how often shades were adjusted,

though a quarter still report never adjusting shades (Figure 12).

Figure 12. How often shades are adjusted
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* NO SHADING

Shades are also more likely to be adjusted due to environmental conditions such as excessive

heat, glare, or darkness in the classroom (Figure 13). Shades are reportedly mostly closed or mostly open

just about as equally between different classrooms, though differences between responses to the

question "How often is the shading system mostly closed to daylight?" and "How often is the shading

system mostly open to daylight?" reveals the influence of human perception (Appendix E, Figure 23).
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Figure 13. Reasons shades are adjusted
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3. PERCEPTION OF ELECTRIC AND DAYLIGHTING CONTROL

About two-thirds of participants reported glare in their classrooms "sometimes", though few

reported glare being a consistent problem (Appendix E, Figure 24).

In keeping with the measured illuminance values of naturally lit classrooms, a majority of

participants reported that daylight alone did not provide for "enough" light either in the winter or

summer. As expected, even dimmer lighting conditions were reported for the summer than the winter, as

sun angles are higher and direct light is less likely to penetrate into classrooms. (Appendix E, Figure 25;

Figure 26). Most participants also reported having "more than enough" light overall, including electric and

natural light (Appendix E, Figure 27), though these perceptions do not align with presented illuminance

measurements. One reason for the difference between measured illuminance values and the reported

lighting conditions may be in the way electric lighting is perceived by occupants. A common complaint

among participants was that that electric lights were too bright and contributed to the development of

headaches or migraines. It is possible that this perception of "harsh" lighting may be more closely related

to direct lighting which can cause discomfort through glare and high lighting contrasts in the room, or

even to color temperature.

More participants also expressed satisfaction with electric lighting controls than with shading

systems available (Appendix E, Figure 28; Figure 29).

39



4. VIEWS TO THE OUTDOORS

Across the five participant schools, teachers were asked to categorize the views from their

windows. Views that predominantly contained plant life or social features were reported about as equally

as views which were predominantly of other buildings or streets, and views which had an equal balance

of plant life and urban features. The greatest categorization, about 30%, was that view contained an

equal combination of buildings and plants. Meanwhile, almost about a quarter reported views of "only

buildings within a few feet from the window" (Appendix E, Figure 30). It is interesting to note that the

high schools sampled tended to report more views of buildings and streets than the elementary schools

which were more likely to report greater levels of plant life and social environments (Appendix F, Figure

31).

Though those surveyed used negative, positive, and neutral labels to characterize their views

almost equally, negative terms were used slightly more often (Figure 14).

Figure 14. Terms used to describe views
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Unsurprisingly, views which contained plant life or social features were much more likely to be

labeled in a positive manner, while views which were predominantly urban were more likely to be

perceived negatively (Figure 15, Table 7). Unexpectedly, neither those who reported having views to
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social areas nor those who reported having unattractive views were anymore more likely than the others

to describe their views as "distracting".

Figure 15. Views and descriptors/terms
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Table 7. Number of times negative, neutral, and positive terms were mentioned
NEGATIVE NEUTRAL POSITIVE

SOCIAL ENVIRONMENT (PLAYGROUND, QUAD) 1 0 5

MOSTLY PLANTS, GRASS, TREES AT CLOSE DISTANCE 1 2

MOSTLY PLANTS, GRASS, TREES AT A DISTANCE 0 1 4

EQUAL COMBINATION OF BUILDINGS/PLANTS 2 3 5

MOSTLY BUILDINGS/STREETS AT DISTANCE 1 3 0

ONLY BUILDINGS AND/OR STREETS (NO PLANTS) 1 0 0

ONLY BUILDINGS WITHIN A FEW FEET 8 1 0

5. DIFFERENCES IN LIGHTING CONDITIONS AND USE BETWEEN DEMOGRAPHICS

Some differences between lighting controls, uses, and conditions have already been presented in

this section: high school occupants are more likely to have greater control over electric lighting and

shading, elementary schools are more likely to be static in terms of how often lights are turned on
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possibly because of available controls, and elementary schools are more likely to have views with more

plant and social life. While some factors that play into these differences have already been explored, it is

notable also to point out that elementary school participants have naturally also reported implementing a

wider variety of teaching methods than high school teachers, and are more likely to implement outdoor

activities in a given week (Appendix E, Figure 32). Overall, large scale, high contrast tasks - which may

need less illumination to comfortably complete - composed a greater fraction of all reported teaching

methods than in high schools (Appendix E, Figure 33). These differences in teaching methods may play a

large factor in switching behavior and available lighting controls and may also be influenced by lighting

conditions made available. Future studies with greater participant sample sizes may more accurately

describe this relationship.

In addition to the differences explored between elementary and high schools, differences in use

and lighting conditions between participating science and engineering classes and classes of other

subjects are notable. In particular, participating science and engineering classes were found to be the

only classes which reported having lights "always" on (Figure 16), alongside visual arts, were the only

classes to report "never" adjusting the shades (Figure 17), and were the most likely to report having

shades either "always" or "never" closed in an absolute fashion - about two thirds of science or

engineering classes reported so (Figure 18). Not all science and engineering classes fit this exact pattern,

but the pattern may reveal use and teaching methods associated with the subject that affect what type of

light is needed for instruction in these types of classroom. Overall, special consideration is needed for the

design of science and engineering classrooms, as well as visual art classrooms, which may require light for

specialized visual tasks that differ from instruction in humanities and math subjects.
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Figure 16. How often lights are on by subject
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Figure 17. How often shades are adjusted by subject
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Figure 18. How often shades are closed by subject
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COMPARISON TO LITERATURE FINDINGS

Overall, the data collected in this study and the subsequent findings closely align to those of Sze's

2009 "Indoor Environmental Conditions In New York City Public School Classrooms" Survey in which 183

teachers were surveyed on similar lighting conditions in addition to other environmental factors (Sze

2009). The most similar findings between the two studies involve occupant interaction with shading

devices; both studies reveled varied use patterns in shade adjusting in addition to reveling a similar

percentage of teachers that had no shading (Figure 19). In contrast, occupant interaction with electric

system differed in that Sze found occupants were more likely to leave lights on all day as opposed to

switching them on and off for instructional purposes (Figure 20). Though this analysis differs, Sze's results

support findings in this study that lights are always or mostly on in classrooms. Differences may be

attributed to site climate, culture, sampling size, and increased use of digital media over the past seven

years since 2009.

While Sze found illuminance levels to meet minimum standards in New York schools, use patterns
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of classroom occupants closely correspond to findings presented in the previous sections. These

similarities support the findings described in previous sections, though the differences may contain

findings to Southern California schools and schools similar in typology of participating schools.

Figure 19. Comparison of reported shade adjusting behaviors (Sze, 2009)
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Figure 20. Comparison of reported switching behaviors (Sze, 2009)
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DISCUSSION

OCCUPANT EXPOSURE TO LIGHT AND HEALTH

Overall, classrooms exhibit inadequate lighting conditions in terms of both illuminance and color

temperature. While the classrooms on average meet minimum recommended illuminance levels of 300

lux, about one third of classrooms exhibit illuminance levels below 300 lux. Moreover, classrooms which

do meet recommended illuminance levels only meet the lowest baseline standard, revealing low quality

lighting. Likewise, classroom lighting fails to provide light at natural color temperatures; where natural

lighting typically emits color temperatures of 5000 K or higher, indoor lighting systems currently only

provide for 3500 K color temperatures, even when shades are open.

Overall these lighting conditions are less than ideal and potentially unhealthy when compared to

light's biological influence over developing human bodies and adult human bodies alike. When compared

to existing literature, for example, the low quantities of light exhibited by participant classrooms impair

vision and eye development in occupants and especially children. Likewise, the warm color temperatures

provided within these classrooms impair the natural circadian rhythms of classroom occupants, primarily

affecting sleeping patterns, alertness, and other linked biological functions. This is especially true when

considering high school bell schedules which include early zero periods that begin at 7 am or earlier; lack

of access to natural outdoor color temperature impact students circadian rhythm early in the day.

The work likewise reveals the implementation of rigid controls which are often ill-suited to

promote the use of natural daylight, do not respond to program and use patterns within both high

schools and elementary schools, and fail to provide for nuanced control over classroom spaces as a

whole. In particular, participant elementary schools are given less control over lighting in classroom

spaces despite a wider range of activities implemented in these classrooms, while science and

engineering classrooms are afforded the same controls as other high school subjects despite presumably

having particular task-related needs. This lack of control not only fails to promote natural daylighting but
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in fact promotes the use of electrical lighting such that teachers must have lights on "most of the time" if

not "all of the time".

While modern buildings stress uniformity and the standardization of light across occupied spaces

through the emphasis placed on electric lighting fixtures over daylighting techniques, a renewed

emphasis on daylight and window use is needed in order to properly supplement existing electrical light

with natural and energy efficient power from the sun and provide for natural color temperatures that

better suit the human biology. An emphasis on natural lighting additionally provides diverse stimulation

that enhances the human experience and enlightens occupants through differences in light, color, and

illumination. Though these unquantifiable effects of light on the human experience differ from the

quantifiable and biological effects explored in previous sections, they are not incompatible with the

science behind the light measurements and standards that impact our biology; the sun itself provides

humans with these diverse experiences, yet also provides quantifiable levels of illuminance and color

temperature to which our bodies naturally and healthily react.

Despite this need to better integrate natural daylighting solutions, proper electric lighting which

not only provides for greater amounts of illuminance but also provides for quality lighting must also be

promoted in conjunction. In particular, new design and policy should promote higher output lighting

fixtures that provide for diffuse lighting conditions and cooler color temperatures as well as controls

which allow for proper lighting where natural daylight needs to be supplemented and for varied use

within classroom spaces. The promotion of these diffuse systems would allow occupants to reach higher

levels of illumination to reduce eye strain by addressing occupant perception of "harsh" lighting and by

providing healthier lighting conditions in terms of illuminance and color temperature. The integration of

greater nuance in controls would also allow electric systems to work together with natural daylighting

systems by providing light only where supplemental light is needed in the case of new buildings.

Given the differences between results from Sze's 2009 work and results from this study, these
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findings may be contextualized to schools in climates similar to that of Southern California that have been

built with similar typologies - generally, buildings with generally small to midsized windows at the

working plane, and schools with portable classroom additions.

IMPLICATIONS FOR CURRENTAND FUTURE LIGHTING DESIGN

Simple and affordable measures can be taken in existing classrooms in order to better promote

the integration of healthy lighting in terms of both natural daylight and electrical systems. In order to

better promote the use of the window through which natural daylight can illuminate the room and

provide cooler color temperatures, fixed external shading can be provided to minimize direct light and

glare (especially in north-south facing classrooms), and internal shading devices may be removed given

that fixed shading provides for comfortable lighting conditions; these conditions would promote the use

of the window to let in more daylight. The implementation of lightbulbs which provide for higher output

and cooler color temperatures may also improve healthy lighting conditions in existing classrooms.

In both the case of new design and retrofits, up-lighting fixtures are also recommended in order

to reduce visual discomfort and glare. Up-lighting may not only reduce contrasts that are perceived as

"harsh" and allow for higher illumination that is not perceived as "too bright", but may also diffuse light

more evenly across classroom spaces and provide for greater consistency of illumination from desk to

desk.

In both existing and new classroom buildings, window lighting systems can also jointly address

security concerns and natural lighting concerns. Where tinted windows may currently be used in order to

provide for privacy, new design and retrofits must consider how the need for privacy and daylight

interact. In existing buildings, this may mean using tinted windows to provide for both diffuse light and

privacy, while in new buildings the implementation of high windows placed above seven feet or two

meters in height may hinder outsiders from peering in while still providing for great levels of outdoor
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illumination. The balance between security and light is also indicative of concerns which must be

addressed by future classroom design in the United States.

In new construction, an emphasis on high windows places above seven feet or two meters in

addition to any separate windows at the working plane is highly recommended. When combined with

proper fixed shading techniques that minimize direct solar gains, these windows promote the use of

natural daylight on various levels. For one, windows above this height are out of the reach of occupants

and are not likely to be adjusted or covered in make-shift shades or classroom projects. The height of

these windows as stated previously, additionally provide for the greatest amount of daylight penetration,

as light coming from any angle can reach deeper into rooms from higher elevations.

New buildings also afford for greater opportunities to provide for nuanced electric lighting

systems and controls. Though design should be flexible in all spaces, special considerations should be

made for classrooms in which specialized visual tasks may be conducted, such as art and science and

engineering spaces that may benefit from reduced solar glare and higher illumination for high contrast

tasks even more so than other classroom spaces. Where specialized tasks are conducted that require

handling or focusing on minute details such as construction or experiments, or the use of digital mediums

such as computers, lighting design should provide for additional lighting systems such as task lights other

lighting systems which can be adjusted specifically for the area in which these specialized activities occur.

More nuanced lighting controls are likewise needed in order to provide for variable lighting in classrooms.

Though one could argue greater occupant control of lighting may lead to inconsistence in illuminance and

color temperature between classroom to classroom, and may allow occupants to light rooms below

recommended lighting levels for classroom activities, greater control of electric systems would also allow

for lighting that is better suited to occupant needs. In particular, nuanced controls could allow occupants

to only turn lights on over regions where natural lighting is not sufficient. Current solutions and multi-

switches often only allow every other light to be turned on or off, however, new controls could allow for
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regions of the classroom which are classroom which are too far away from windows and natural light to

be supplemented by electric lighting and vise-versa. Likewise, wen digital mediums of instruction are used

in combination with classroom activities, greater flexibility in lighting control may allow for a better

balance between contrast needed for screens and the contrast needed for reading and writing, than

current solutions which only allow lights to be completely off, half or one-third on/off, or completely on

at best. In particular, dimmers, which provide for the greatest flexibility in classroom illumination, and

which some teachers have expressed a desire for, would be a low-cost solution to current lighting

controls that only allow for fractions of lights to be turned on or off.

Lastly, while the impact of occupants' views to the outdoors on human psychology and

stimulation is difficult to quantify, special consideration for the aesthetic design of views to the outdoors

- for example through landscaping and the addition of natural features such as trees and plants - that is

perceived positively also promotes window use. As the findings show, teachers' perception of what is

"distracting" may not necessarily be tied to views afforded by windows but may in fact be tied to personal

preference. However, views to the outdoors that involve social experience or a connection to nature are

viewed more positively. As such, access to positive views may incentivize occupants to leave shading

devices open, allowing for greater access to natural daylight illumination and color temperatures.

TARGETING CHANGE

Following the findings of this study, who should lead for change in promoting healthy lighting in

classrooms by not only promoting the use of natural daylight but the integration of effective electric

lighting solutions?

Though architects ultimately apply these considerations through design, administrators and

public officials may have greater impact on the actual implementation of healthy lighting as clients of

designers which push for these changes in classroom spaces. As a result, targeting change for healthy

lighting in classroom spaces through a diverse set of groups in our society may be optimal. Teachers and
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students alike should be informed of the effects of indoor lighting, administrators and public officials

should push for lighting design consideration in new building construction and retrofits, and policy

measures should promote the integration of natural lighting should be drafted in addition to future

architectural emphasis on the problem.

At the most basic level, informed teacher and student occupants may choose to behave

differently in order to promote their own health within classroom spaces. Not only can occupants choose

to use their shading and electrical controls differently in order to promote higher illumination and color

temperatures within the classroom, but where classrooms are lit inadequately, occupants may also

choose to expose themselves to natural light through different mediums. For example, especially in mild

climates such as those in Southern California, occupants can promote greater times spent outdoors in

order to offset the effects of indoor lighting; even an hour spent outside in full daylight can offset the

development of myopia or promote natural circadian cycles. Informed occupants may also vocalize the

need for healthy spaces to designers and public officials alike.

As clients of architectural designers, pubic officials and school and district administrators also

wield incredible power in directing and demanding classroom design considerations. Likewise, through

greater demand these actors may prompt for solutions which diverge from standardized classrooms and

portable solutions.

On a greater order, legislation and policy guidelines provide the framework for healthy lighting

consideration in building construction. Just as policies and guidelines currently exist for electric

illumination (such as ASHRAE, CHPS, and IESNA) and impact standard building design, classrooms may

benefit from policies which promote other aspects of healthy lighting such as natural daylight availability,

outdoor views, and cooler color temperatures. Currently, policies involving these measures are typically

voluntary, such as with the implementation of LEED.
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The collaborative effort of informed occupants, school officials, policy makers, and designers is

needed in order to push for the application of in healthy light design and solutions in classrooms.

RESEARCH LIMITATIONS AND FUTURE RESEARCH

Various suggestions are made in order to improve upon the thesis presented. At the core, the

studies presented would benefit from a larger sample-size. In the research presented, less than 30

classrooms were studied across 5 schools due to time constraints in the research process, the private and

regulated nature of public schools for the purpose of protecting minors, and schools' limited availability

due to limited time and resources. In addition to the limited number of samples, schools that were

studied resided primarily in a singular location of Southern California region, and may not accurately

depict lighting conditions in the region or even within the county. Future research in which more time is

spent collecting data from diverse schools and in which outreach is conducted more effectively may

increase the sample-size and depict a broader picture of lighting within a region's school system.

This study would also benefit from survey questions which more accurately describe visual tasks

and available controls and fixtures.

Though the collection of point-in-time measurements was designed to be undisruptive to the

classroom schedules of teachers and students through, future research may benefit from the collection of

data which simplifies measured lighting availability in classrooms. In particular, the collection of

luminance measurements to create HDR photographs would provide useful information and may be used

to map where classrooms are well-lit and where they are not, as well as how deep natural lighting

penetrates, and the percentage of area that is adequately illuminated. Mapping lighting conditions across

whole classrooms may provide for more nuanced findings to inform classroom lighting design that

addresses the interaction of daylight near windows, and the need for additional lighting in classroom

regions that do not receive the same daylight benefits.

52



Future research in understanding the blend of social and building design behind security concerns

in U.S. schools may improve architectural daylighting designs that address both the needs of the school

and the benefits natural lighting affords to developing bodies. Likewise, future research on how to best

implement national, state, and district policies or administrative design guidelines regarding natural

daylight may also prove useful.

CONCLUSION

Overall, classrooms studied in this research exhibit inadequate lighting conditions in terms of

both illuminance and color temperature; while classrooms on average meet minimum recommended

illuminance levels of 300 lux, about one third of classrooms exhibit illuminance levels below 300 lux,

classrooms which do meet recommended illuminance levels only meet the lowest baseline standard, and

indoor lighting systems currently only provide for 3500 K color temperatures, even when shades are

open. Overall these lighting conditions are unhealthy when compared to light's biological influence over

developing human bodies and adult human bodies alike. The work likewise reveals the implementation of

rigid controls which are often ill-suited to promote the use of natural daylight, do not respond to program

and use patterns within both high schools and elementary schools, and fail to provide for nuanced control

over classroom spaces as a whole. This lack of control not only fails to promote natural daylighting but in

fact promotes the use of electrical lighting such that teachers must have lights on "most of the time" if

not "all of the time".

In both existing classrooms and future construction, architectural design must address these

problems through an emphasis on the use of the window, natural daylight, and more effective electric

lighting systems. Some of these solutions include the implementation of effective exterior fixed shading,

separate windows placed above the height of seven feet or two meters, up-lighting electric fixtures, and

more nuanced controls which better address use patterns in elementary and high school classrooms as

well as special subjects. However, while these solutions must be implemented by architectural designers,
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change is limited without the collaborative effort of occupants, school officials, and policy makers who

can make informed decisions on lighting solutions, generate demand from the architects for quality

lighting as clients, and create effective policy measures that require future construction to consider the

impacts of natural and electric lighting on human biology and experience.
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A. ILLUMINANCE DATA (LUX)

MORNING AFTERNOON

SCHOOL/ DAYLIGHTING ELECTRIC DIFFERENCE DAYLIGHTING ELECTRIC DIFFERENCE
CLASSROOM LIGHTING (DL - EL) LIGHTING (DL - EL)

1.1 14 361 347

1.2 3 265 262 99 416 316

1.3 3 230 227 40 237 198

1.4 10 288 277 57 434 377

2.1 2 323 321 3 517 513

2.2 13 369 357 8 426 418

2.3 15 436 421 17 440 424

2.4 2 216 214 4 227 223

3.1 3 638 635 25 574 549

3.2 2 399 397 2 401 399

3.3 2 578 575 3 468 465

3.4 9 404 395 4 166 162

4.1 2 274 272 5 214 209

4.2 135 198

4.3 19 162 143 16 359 342

4.4 2 334 331 2 334 331

5.1 746

5.3 242

5.4 521

5.5 173 605 433 161 578 417

5.6 647 8 639 631

AVERAGE 17 390 351 28 389 373

RANGE 2-173 135- 647 143 -635 2-161 166-639 162-631

DAYLIGHTING ELECTRIC LIGHTING

MEETS 0% 77%
RECOMMENDED 300 LUX (%)

DOES NOT MEET 100% 33%
RECOMMENDED 300 LUX (%)
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B. INDOOR:OUTDOOR AVAILABLE ILLUMINANCE DATA

57

MORNING AFTERNOON

SCHOOL/ DAYUGHT NATURAL DAYLIGHT DAYLIGHTING NATURAL DAYLIGHT

CLASSROOM LIGHT RATIO LIGHTING RATIO

1.1 14 3290 0.42%

1.2 3 1745 0.17% 99 42800 0.23%

1.3 3 2870 0.09% 40 27000 0.15%

1.4 10 6970 0.15% 57 27500 0.21%

2.1 2 8190 0.03% 3 41600 0.01%

2.2 13 15310 0.08% 8 19000 0.04%

2.3 15 65300 0.02% 17 66500 0.02%

2.4 2 2530 0.09% 4 33900 0.01%

3.1 3 1571 0.17% 25 27200 0.09%

3.2 2 5060 0.04% 2 29100 0.01%

3.3 2 9300 0.02% 3 24800 0.01%

3.4 9 7420 0.13% 4 27200 0.02%

4.1 2 3327 0.07% 5 68200 0.01%

4.3 19 5740 0.32% 16 64500 0.02%

4.4 2 5450 0.04% 2 71000 0.00%

5.5 173 5110 3.38% 161 4240 3.81%

5.6 8 53100 0.01%

AVERAGE 17 9324 0.33% 28 39228 0.29%

RANGE 2-173 1571 -65300 0.02%- 2-161 4240- 71000 0.00%-
________________3.38% 3.81%



C. COLOR TEMPERATURE DATA (K)

MORNING AFTERNOON

SCHOOL/ DAYLIGHTING ELECTRIC DIFFERENCE DAYLIGHTING ELECTRIC DIFFERENCE
CLASSROOM LIGHTING ______LIGHTING

1.1 5343 3325 -2018

1.2 4043 3357 -687 4309 3315 -994

1.3 4277 3350 -927 4280 3360 -920

1.4 4203 3383 -820 4444 3474 -970

2.1 3517 3323 -193 4217 3383 -833

2.2 4567 3380 -1187 5065 3340 -1725

2.3 5243 3380 -1863 5693 3387 -2307

2.4 4845 3345 -1500 6273 3347 -2927

3.1 4833 3277 -1557 4590 3327 -1263

3.2 3668 3386 -282 4527 3360 -1167

3.3 3900 3253 -647 3583 3367 -217

3.4 6910 3370 -3540 3627 3170 -457

4.1 12267 3343 -8923 4653 3357 -1297

4.2 3443 3442

4.3 4067 3417 -650 4795 3430 -1365

4.4 5030 3230 -1800 3230

5.1 3415

5.3 3480

5.4 3497

5.5 6698 3933 -2765 7335 4403 -2933

5.6 3507 3730 3510 -220

AVERAGE 5213 3390 -1823 4741 3430 -1311

RANGE 3517-12267 3230-3933 -193--8923 3583-7335 3170-4403 -217--2933
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D. PHOTOGRAPHS

The following photographs are organized by classroom. Each page provides a set of classroom

images when the lights are turned off and when the lights are turned on, except where photographs are

unavailable. In these circumstances photographs could not be taken due to either time constraints, the

presence of minors, or the requests of the teachers. Each set is labeled in the format 'X.x' where big 'X' is

inidicative of a school, and little 'x' is used to denote one classroom in that particular school. All

photographs presented were taken at the same white balance, and at exposure values of zero (EV 0).
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E. ADDITIONAL SURVEY DATA
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Figure 22. Shading devices in elementary and high schools
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Figure 23. Shades open/closed
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Figure 24. Reported glare as a problem
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Figure 26. Reported winter daylight availability
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Figure 27. Reported light availability (including electric light)
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Figure 29. Reported satisfaction with overall lighting quality
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Figure 30. Reported views to the outdoors
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Figure 31. Comparing elementary and high school views to the outdoors
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Figure 32. Teaching Methods: Teachers reported implementing...
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F. APPROVAL FOR STUDY - MIT COUHES
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Committee On the Use of Humans as MASSACHUSETTS INSTITUTE OF TECHNOLOGYMIT Experimental Subjects 77 Massachusetts Avenue
Cambridge, Massachusetts 02139
Buitding E 25-1430
(617) 253-6787

To: Leslie Norford /
5-418D 

/
From: Leigh Firn, Chair /

COUHES

Date: 12/23/2015

Committee Action: Expedited Approval

COUHES Protocol#: 1512328601

Study Title: Illuminating Education: Quantifying Composition and Use of Lighting in K-12 Classrooms

Expiration Date: 12/22/2016

The above-referenced protocol was approved following expedited review by the Committee on the Use of Humans as
Experimental Subjects (COUHES).

If the research involves collaboration with another institution then the research cannot commence until COUHES receives
written notification of approval from the collaborating institution's IRB.

It is the Principal Investigator's responsibility to obtain review and continued approval before the expiration date. You may
not continue any research activity beyond the expiration date without approval by COUHES. Failure to renew your study
before the expiration date will result in termination of the study and suspension of related research grants.

Adverse Events: Any serious or unexpected adverse event must be reported to COUHES within 48 hours. All other adverse
events should be reported in writing within 10 working days.

Amendments: Any changes to the protocol that impact human subjects, including changes in experimental design,
equipment, personnel or funding, must be approved by COUHES before they can be initiated.

Prospecitve new study personnel must, where applicable, complete training in human subjects research and in the HIPAA
Privacy Rule before participating in the study.

COUHES should be notified when your study is completed. You must maintain a research file for at least 3 years after
completion of the study. This file should include all correspondence with COUHES, original signed consent forms, and
study data.
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G. APPROVAL FOR AMENDMENT TO STUDY- MIT COUHES
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Committee On the Use of Humans as MASSACHUSETTS INSTITUTE OF TECHNOLOGYI Experimental Subjects 77 Massachusetts Avenue
Cambridge, Massachusetts 02139
Building E 25-1430
(617) 253-6787

To: Leslie Norfor
5-418D

From: Leigh Firn, C
COUHES

Date: 02/09/2016

Committee Action: Amendment to Approved Protocol

COUHES Protocol #: 1512328601A001

Study Title: Illuminating Education: Quantifying Composition and Use of Lighting in K-12 Classrooms

Expiration Date: 12/22/2016

The amendment to the above-referenced protocol has been APPROVED following expedited review by the Committee on
the Use of Humans as Experimental Subjects (COUHES).

This approval covers the following change(s)/modification(s):

-The survey has been revised to include one question regarding which discipline participants teach in school.

If the research involves collaboration with another institution then the research cannot commence until COUHES receives
written notification of approval from the collaborating institution's IRB.

It is the Principal Investigator's responsibility to obtain review and continued approval before the expiration date. Please
allow sufficient time for continued approval. You may not continue any research activity beyond the expiration date
without COUIES approval. Failure to receive approval for continuation before-the expiration date will result in the
automatic suspension of the approval of this protocol. Information collected following suspension is unapproved research
and cannot be reported or published as research data. If you do not wish continued approval, please notify the Committee
of the study termination.

Adverse Events: Any serious or unexpected adverse event must be reported to COUHES within 48 hours. All other adverse
events should be reported in writing within 10 working days.

Amendments: Any changes to the protocol that impact human subjects, including changes in experimental design,
equipment, personnel or funding, must be approved by COUHES before they can be initiated.

Prospecitve new study personnel must, where applicable, complete training in human subjects research and in the HIPAA
Privacy Rule before participating in the study.

COUHES should be notified when your study is completed. You must maintain a research file for at least 3 years after
completion of the study. This file should include all correspondence with COUHES, original signed consent forms, and
study data.
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H. QUESTIONNAIRE/SURVEY
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ILLUMINATING EDUCATION:
QUANTIFYING COMPOSITION AND USE OF LIGHTING

IN PUBLIC K-12 CLASSROOMS

Instructions

You are invited to participate in a survey on the use of electric and natural lighting systems in
Orange County/Los Angeles public school classrooms.

The purpose of this survey is to study the actual use and consumption of artificial and natural
lighting in K-12 public classrooms in order to understand how occupants actually interact with lighting
systems (as opposed to the expected use by designers) and how much light occupants are receiving (in
comparison to research which describes the benefits/detriments of consuming light at various levels and
spectrums).

In particular, the study aims to answer: How do students and teachers use and operate light on a
day-to-day basis? How much and what composition of light intake are students receiving? Are there
differences in use and light quality between schools of different age groups, socio-economic standing or
other social variances? What are the gaps between design or expected occupant behavior and actual use
of lighting systems in schools?The survey is carried out by a researcher who is an Undergraduate Bachelor
of Science in Architecture (BSA) candidate at MIT (Massachusetts Institute of Technology), and has been
approved by MIT's Committee on the Use of Humans as Experimental Subjects (COUHES).

Participation in this survey is completely voluntary, and you may decline to answer any or all
questions. You may also end your participation at any time without any consequences. The data collected
in this study will be confidential; the survey is anonymous and no data will be tied to your identity.

We would like you to fill out this questionnaire in relation to your particular working conditions in
the classroom. Please respond to all items as openly and honestly as possible.

All responses to the questionnaire will be treated as confidential and will be accessed by the
researcher and faculty advisor only. All questions or comments can be addressed to Mariana Ballina at
mballina@mit.edu or (949) 547-2028.

Written Consent

I I have read the above information and freely agree to participate in this survey.

l I do not wish to participate in this survey.
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GENERAL INFORMATION

What is your gender?

ElMale EFemale

What is your age group?

[ <20 years 021-30 years 031- 40 years E341-50 years 051-60 years E161 +

At what school do you currently teach?

School:

What grade(s) do you currently teach in the classroom?

[1K Ell 02 E3 14 E5 [16 07 [18 09 [110 E11 012

If you teach multiple grades, which grade do you primarily teach or which grade composes most of your

student body?

OK 01 02 03 04 05 06 07 E8 09 010 011 012

If applicable, what subject do you primarily teach?

DEnglish WHistory/Social Science Visual Art

Special Education D Other (Please Specify):

OPerforming Art ElMath ElScience

For how long have you been teaching?

E1-3 years E4-6 years 07-9 years 010-15 years 015+ years

How many students are in your class during any given period?

Number:

How many hours do you spend in the classroom on a typical school day?

1 <1 01-3 [33-5 [15-7 [17+
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What type of classroom do you teach in?

OConventional classroom with a door ZPortable classroom EOther (Please Specify):

What methods of teaching do you employ in a given week?

OLecture/discussion (with whiteboard or chalkboard)

ELLecture/discussion (with overhead projector, PowerPoint or similar)

ELLecture/discussion (only verbal or with demonstrations)

LIReading

ElActivities or experiments

LComputer use

ElActivities outdoors

ELOther (please specify)

What teaching method do you employ most often?

OLecture/discussion (with whiteboard or chalkboard)

OLecture/discussion (with overhead projector, PowerPoint or similar)

DIecture/discussion (only verbal or with demonstrations)

OReading

ElActivities or experiments

ElComputer use

ElActivities outdoors

ELOther (please specify)

If you wish, describe how you spend your time teaching on an average day:
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USE OF LIGHTING SYSTEMS

What kind of lighting controls are available in your classroom?

EOne manual on/off switch

ElMultiple manual on/off switches for different levels of lighting

LuManual dimmer(s)

EAutomatic dimmer(s)

LOccupancy sensor which I turn on/off

EOccupancy sensor which I cannot turn on/off

ESeparate lighting for designated task areas

0Other (please specify)

Where are manually operated controls (switches, dimmers, etc) located?

EAt the entrance, inside the classroom

LiNear the teacher's desk

lin an arbitrary location

Other (please specify)

What kind of windows do you have?

EWindows placed below the height of 6 feet

DWindows placed above the height of 6 feet

Skylights

EOther (please specify)

How often do you turn the lights on/off in the classroom?

01 don't turn the lights on or off; they are always turned on

01 turn the lights on when I arrive and don't turn them off

0l turn the lights on when I arrive and turn them off only when I leave at the end of the day

01 turn the lights on when I arrive for class and turn them off when I leave the class for a period of time

01 turn on and off the lights for instructional purposes as needed

01 never turn the lights on

EOther (please specify)

How often are the lights on in the classroom?

DAlways EMost of the time EHalf of the time ELess than half of the time ENever
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How often are the lights off in the classroom?

DAlways ElMost of the time 0LHalf of the time ELLess than half of the time ONever

If you turn the lights off during class time, what is the primary reason?

OThere is enough daylight, I don't need the lights on

EITo use the projector

LIFor activity-related purposes

LiFor a demonstration

LOther (please specify) _

USE OF SHADING DEVICES

Are the windows in your classroom equipped with any shading devices?

LiRoller blinds

LiVenetian blinds

ELCurtains

ELLouvers

LExternal overhang

iO0ther fixed form of shading

LMake-shift solutions

ELOther (please specify):. ...............
OThere are no shading devices

How often do you adjust the shades?

ONever
LOnce every few months

LiOnce or twice a month

LOnce or twice a week

LiOnce a day

LiMultiple times a day

LOther (please specify):

ONot applicable
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How often is the shading system completely closed to daylight?

LAlways

ONot applicable

DMost of the time LI Half of the time OLess than half of the time

How often is the shading system mostly closed to daylight?

EAlways

ONot applicable

]Most of the time LHalf of the time OLLess than half of the time

How often is the shading system mostly open to daylight?

ElAlways

ONot applicable

]Most of the time LHalf of the time OlLess than half of the time

For what reasons would you typically adjust the shading device(s)?

01 close it when it is too bright

I close it when it is too hot

L close it for instructional purposes (i.e. for computer projections)

L close it when views to the outdoors are distracting

01 open it when it is too dark

LOther (please specify):

VIEWS

What do you mostly see viewing out your classroom windows?

LMostly plants, grass and trees that are within a few feet from the window

LMostly plants, grass and trees at a distance

LA somewhat equal combination of buildings/streets and plants/trees

LMostly buildings and/or streets at a distance

LOnly buildings and/or streets (no plant life)

LOnly buildings within a few feet from the window

Olnterior hallway

LOther (please specify): _

How would you characterize your view out the window?

98

ONever

ONever

ONever



LUnattractive EAttractive ENeutral

ElObstructed [Panoramic

ElCalming EDistracting EStressful

Other comments on views to the outdoors:

PERCEPTION

How would you rate the overall lighting quality in the classroom?

ElExcellent EGood DAverage ElBelow Average El Poor

Overall, how much light do you think is available in the classroom?

EToo much EMore than enough DEnough to complete tasks ONot enough

If the lights are turned off during the summer (or early fall, late spring) is there enough daylight?

EMore than enough EEnough ElSome light but needs to be supplemented ONot enough

light at all

If the lights are turned off during the winter (or late fall, early spring) is there enough daylight?

EMore than enough EEnough ESome light but needs to be supplemented ONot enough

In general, if the lights are turned off is there enough daylight?

ElMore than enough EEnough ESome light but needs to be supplemented ONot enough

How satisfied are you with the controls you have over electric lighting (1 being the least satisfied and 5
being the most)?

01 02 03 04 05
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Do you feel that the controls allow you to achieve multiple levels of lighting?

OYes ONo E]Not sure

How satisfied are you with your current shading devices (1 being the least satisfied and 5 being the most)?

01 02 03 04 E5

How often is glare from electric lights a problem?

OAlways OMost of the time OSometimes ORarely ONever

How often is glare from sunlight a problem?

OAlways OMost of the time OSometimes ORarely ONever

For you, personally, when is glare from sunlight the most problematic? (season, time of day, etc.)

For your students when is glare from sunlight the most problematic?

In your own words, please describe how you use your shading devices:

In your own words, please describe how you use the electric lighting system in your classroom:

Additional comments on the lighting conditions in your classroom?
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