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Daylighting and Productivity

HMG's recently completed study on daylighting and productivity has been summarized and
reported in the following articles as well as by other new media:

The Washington Post - reported on November 26, 1999. This story was reported on page A14 of
the daily newspaper as well as on their web site.

CBS News - reported on June 29, 1999. The story appeared both on Morning News and on their
web site.

Sacramento Bee - reported on June 28, 1999. This story was reported on the front page of the
daily newspaper as well as on their web site.

As the sponsor of this productivity study, PG&E has a strong interest in promoting the use of
daylighting. You can visit the Pacific Energy Center (PEC) daylighting web site for more
information.

Following the are the Executive Summaries of the two parts of the study, the acknowledgements,
and information on how to obtain copies of the reports.

Davlighting in Schools - Executive Summary

Skylighting and Retail Sales - Executive Summary

Acknowledgements - people who contributed to and helped review this study

Order the Reports

Study Says Natural Classroom Lighting Can Aid
Achievement

Click here to view the article posted on the Washinton Post website

By Kenneth J. Cooper
Washington Post Staff Writer
Friday, November 26, 1999; Page A14

© Copyright 1999 The Washington Post Company

School districts across the nation have scrambled to find a solution to dismal student performance
on standardized tests, trying alternative curricula, different teaching methods, new textbooks, better
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trained teachers, smaller classes, tutors after school, Saturday sessions, even longer school years.

But for the most part, school officials have yet to take a close look at the physical space where
learning takes place: the classroom. Could a partial solution to the achievement problem be to
improve the lighting there?

A California architecture consulting firm thinks so, based on its study on the effect of classroom
lighting on achievement levels. The study by the Heschong Mahone Group based near
Sacramento found that students who took their lessons in classrooms with more natural light
scored as much as 25 percent higher on standardized tests than other students in the same school
district.

The study, billed as the first rigorous one of its kind, appears to confirm what some school
designers have asserted based on anecdotal evidence: children learn better under illumination from
skylights or windows, rather than bulbs. The main theory for why this might be the case is that
"daylighting" enhances learning by boosting the eyesight, mood and/or health of students and their
teachers.

John B. Lyons, an Education Department official who monitors school construction, was briefed on
the study last month. "It's one of the first studies that shows a clear correlation" between daylight
and achievement, he said. "l don't discount that at all."

Joseph Villani, associate director of the National School Boards Association, said the study
focused on the kind of "human engineering" issues that boards should consider in awarding design
contracts.

"It's almost common sense if you look at what people prefer," Villani said. "Most people prefer to
have some daylight."

While the Heschong Mahone study is the first to evaluate daylight's impact on learning, earlier
research in Canada found student achievement gains were "significantly greater" in classrooms
where artificial lighting most closely approximated sunlight. The 1991 study conducted for Alberta's
Education Department, subtitled, "A Case of Daylight Robbery," examined the impact of different
artificial lighting systems on elementary students' test scores, health and school attendance.

The new daylight study, commissioned by the Pacific Gas and Electric Co. out of an interest in
potential energy savings, comes as the nation is on a school construction spree--spending $20.5
billion this year--to accommodate record enroliments. Its central finding runs counter to a theory of
school design popular in the 1970s: eliminating classroom windows so that students would not be
distracted by goings-on outside.

Test results were analyzed for 21,000 students in Seattle, Fort Collins, Colo., and Orange County,
Calif., areas with divergent weather patterns. Within each of the three school districts, the results of
students in classrooms that let in varying amounts of daylight were compared.

More daylight appeared to have the greatest effect in the Capistrano district in Orange County.
"We found that students with the most daylighting in their classrooms progressed 20 percent faster
on math tests and 26 percent [faster] on reading tests in one year than those with the least," the
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researchers concluded. "Similarly, students in classrooms with the largest window areas were
found to progress 15 percent faster in math and 23 percent faster in reading."

In Seattle and Fort Collins, the impact of daylight was smaller, raising scores from 7 to 18 percent.
The study used a sophisticated statistical method called regression analysis to control for the social
characteristics of students, variations in class size and other factors known to affect learning.

"We were completely taken aback at the magnitude of these findings. . . . | would have been
delighted to find a 5 percent effect," said Lisa Heschong, one of the study's authors. "It's an eye
opener."

The study did not attempt to explain why students in classrooms with daylight scored higher.
Heschong, an architect, said the theories of other researchers that make the most sense to her are
better vision--artificial light cannot exactly duplicate sunlight--and better morale.

"Kids see better, or teachers see better," she said. "It may be that teachers feel better, are more
motivated by daylighting."

Sunlight Gets A Good Grade

Click here to view the article posted on the CBS News website

e Studies: Natural Light Improves Productivity
o Energy Researchers Looked At Schools, Stores
e Body Chemical Melatonin May Be A Factor

Tuesday, June 29,1999 - 01:12 PM ET
© Copyright 1999, CBS Worldwide Inc., All Rights Reserved

New York (CBS) A new study suggests that natural light actually helps children do better in school
and helps stores sell more merchandise. The findings may change the way many buildings are
designed, reports CBS News Health Correspondent Dr. Emily Senay.

The authors of the studies in California were not doctors, but architectural researchers who study
buildings.

The research was conducted by an energy consulting firm for the California state Board for Energy
Efficiency and Pacific Gas and Electric Co. The state utility's goal was to save on energy costs and
determine whether sunlight increases human productivity. They were surprised at how strong the
correlation was between daylight and productivity.

First, they examined student test scores and classrooms at three school districts in California,
Colorado, and Washington state. They found that students in classrooms with the most daylight did
20 percent better on math tests and 26 percent better on reading tests than students at the same
school in classrooms with the least amount of natural light.

In a companion study, the researchers looked at 108 stores that were part of a large chain. The
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stores were virtually identical in layout, except that two-thirds of the stores had skylights. They then
looked at the sales figures for the various stores and determined that a skylight system increased
sales by 40 percent.

The reports are the first large studies of this kind, and were not done by doctors or peer-reviewed
by other experts. But the researchers were careful to control other factors such as how affluent a
community was or where stores and schools were located. They found that the association
between sunlight and productivity were strong regardless of location.

It is not known why daylight might affect human productivity, but one possibility is that light has an
effect on melatonin, a brain chemical that helps regulate sleepiness and alertness. Sunlight
suppresses melatonin, making us more alert and full of energy. Conversely, too much of the
chemical can make people drowsy or depressed.

Doctors suspect that melatonin plays a part in the "winter blues," when people feel more sleepy

and depressed during the winter season. Some doctors use light therapy on patients who are
depressed, having them sit in front of strong lights for a few hours each day.

Sunlight could perk up kids' grades, store profits

Click here to view the article posted on the Sacramento Bee website

By Carrie Peyton, Bee Staff Writer
(Copyright Sacramento Bee, published June 28, 1999)

Can a few beams of sunshine help lessons soak in?

A new study, one of the largest ever done on natural light in schools, suggests children learn faster
and do better on standardized tests in classrooms with more daylight.

Learning rates were 26 percent higher in reading and 20 percent higher in math in rooms with the
most natural light, researchers found.

A companion study found that sales were 40 percent higher in stores with skylights, compared with
almost identical stores in the same chain without skylights.

Psychologists and energy efficiency experts alike have long suspected that something as simple as
sunshine may help people work more efficiently, learn more, call in sick less often and sell more.

The research, conducted by a Fair Oaks energy consulting firm for the state Board for Energy
Efficiency and Pacific Gas and Electric Co., is one of the largest and most rigorous attempts to test
those suspicions.

"My guess is this will make a huge impact on school design in the next few years," said Arthur
Rosenfeld, a senior adviser for energy efficiency for the U.S. Energy Department.
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While stressing he hadn't yet read the studies, Rosenfeld described the review team that evaluated
them as "a star group," and said their level of certainty is "very, very impressive."

Rosenfeld heads a subcommittee of the National Science and Technology Council that will be
reviewing hundreds of reports on the issue this summer, in an effort to separate hunches from
evidence.

"Until fairly recently, the papers just haven't been convincing," he said.
What tidbits there were, were tantalizing.

A Wal-Mart store improved sales in areas lit by skylights, no matter what merchandise it put there.
Wal-Mart never released any statistics for researchers to analyze, but within the past year it
decided to build all its new stores with more natural light. Costco and HomeBase both have begun
designing new stores with skylights, and Target has been studying their effect on energy use and
sales.

"In retail there's been much more attention to this because of the economics," said Judith
Heerwagen, a Seattle environmental psychologist who helped review the school data gathered by
Fair Oaks architect Lisa Heschong.

"It's absolutely intriguing work," Heerwagen said. "Her results were pretty consistent across the
sites, which suggests there clearly is something going on here."

The Heschong-Mahone Group brought in statisticians to analyze test scores of more than 21,000
elementary school students in three Western school districts.

In the Capistrano Unified School District in Orange County, where children were tested at the
beginning and end of each school year, a comparison of 750 classrooms showed more
improvement in those with the most daylight.

In those classrooms, students scored 2.3 points higher in reading and 2.5 points higher in math
than students in the rooms with the least daylight.

Over the course of the school year, in all lighting situations, the district's students on average
increased their scores 8.8 points in reading and 12.5 points in math.

In the Seattle Public School District, where students were tested only once a year, those in rooms
with the most daylight had 13 percent higher reading scores and 9 percent higher math scores than
those in the least. Similar testing in Fort Collins, Colo., showed 7 percent higher scores in reading
and math.

Heschong said she didn't know what might be causing the effect.

"Daylight is a very complex thing. It affects how we see, and it also affects us biochemically" in
ways that alter alertness, she said.

People also just plain like windows.
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"l know | work better when things are open and bright," said teacher Kelly Baker.

She said her fourth-graders seemed more attentive and better focused after they moved from a
nearly windowless portable to a bright, newly remodeled classroom at John Holst Elementary
School in Fair Oaks.

The workplace preference for windows is so strong that in Europe, "you're not allowed not to have
access to daylight. It's considered inhumane," said Eleanor Lee, a specialist in building
technologies at the Lawrence Berkeley National Laboratory.

The new daylight research, detailed in twin reports finalized last week, is "one of the better recent
studies that indicates there are effects here worth looking at," said Steve Selkowitz, who
coordinated the scholarly review of the findings.

"People have tried to study it on a smaller scale, but doing it on a larger scale with more data sets
is important," he said.

Selkowitz, head of the building technologies department of the Environmental Energy Technologies
Division at the Lawrence Berkeley lab, cautioned that there is "a complicated set of pathways
between a cause and an effect."

Virtually everyone, he said, would agree that "the single most important parameter affecting student
scores is the teacher."

Steve Looper, a computer teacher at James McKee Elementary in Elk Grove, said he has worked
in a range of classrooms and never seen a daylight effect.

"There are a lot of other factors that would improve student performance a whole lot more," he said,
such as "getting kids to have enough sleep the night before or to have breakfast in the morning."

Still, those interested in energy savings from the building technique called "daylighting" are
expecting more research as fascination with the subject continues to grow.

Interested parties include utilities, which have long advocated buildings that use skylights, well-
placed windows, reflecting surfaces and other designs that let people conserve energy by turning
off electric lights.

The Sacramento Municipal Utility District's light-drenched customer service center saves SMUD
the equivalent of about $56,000 a year in electric bills, an independent study found.

While the energy conserved by daylighting makes a big difference, nationwide, that's not as
exciting to builders or building owners as its effects on people inside, said Selkowitz.

"Very generally, if you look at costs in very round numbers, energy costs about $2 per square foot
per year, and people cost about $200 per square foot" in an office building.

So even a tiny improvement in productivity or sick time will pay off far more quickly than energy
savings, he said.
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Daylighting in Schools

An Investigation into the Relationship between Daylighting
and Human Performance

Executive Summary

This study looks at the effect of daylighting on human performance. It includes a focus on
skylighting as a way to isolate daylight as an illumination source, and separate illumination effects
from other qualities associated with daylighting from windows. In this project, we established a
statistically compelling connection between daylighting and student performance, and between
skylighting and retail sales. This report focuses on the school analysis.

We obtained student performance data from three elementary school districts and looked for a
correlation to the amount of daylight provided by each student’s classroom environment. We used
data from second through fifth grade students in elementary schools because there is extensive
data available from highly standardized tests administered to these students, and because
elementary school students are generally assigned to one teacher in one classroom for the school
year. Thus, we reasoned that if the physical environment does indeed have an effect on student
performance, we would be mostly likely to be able to establish such a correlation by looking at the
performance of elementary school students.

We analyzed test score results for over 21,000 student records from the three districts, located in
Orange Country, California, Seattle, Washington, and Fort Collins, Colorado. The data sets
included information about student demographic characteristics and participation in special school
programs. We reviewed architectural plans, aerial photographs and maintenance records and
visited a sample of the schools in each district to classify the daylighting conditions in over 2000
classrooms. Each classroom was assigned a series of codes on a simple 0-5 scale indicating the
size and tint of its windows, the presence and type of any skylighting, and the overall amount of
daylight expected.

The study used multivariate linear regression analysis to control for other influences on student
performance. Regressions were compared using data from two separate tests, math and reading,
for each district. Each math and reading model was also run separately using first the window and
skylight codes, and then the overall daylight code. We reasoned that if daylight effects were truly
robust the variables should perform similarly in all models. Thus, we created a total of twelve
models for comparison, consisting of four models for each of three districts.
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The daylighting conditions at the Capistrano school district were the most diverse, and the data
from that district were also the most detailed. Thus Capistrano became our most precise model. In
this district, we were able to study the change in student test scores over a school year. Controlling
for all other influences, we found that students with the most daylighting in their classrooms
progressed 20% faster on math tests and 26% on reading tests in one year than those with the
least. Similarly, students with the largest window areas were found to progress15% faster in math
and 23% faster in reading than those with the least. And students that had a well-designed skylight
in their room, one that diffused the daylight throughout the room and which allowed teachers to
control the amount of daylight entering the room, also improved by 19-20% faster than those
students without a skylight. We also identified another window-related effect, in that students in
classrooms where windows could be opened were found to progress 7-8% faster than those with
fixed windows, regardless of whether they also had air conditioning. These effects were all
observed with 99% statistical certainty.

The studies in Seattle and Fort Collins used the final scores on math and reading tests at the end
of the school year, rather than the amount of change from the beginning of the year. In both of
these districts we also found positive, and highly significant, effects for daylighting. Students in
classrooms with the most daylighting were found to have 7% to 18% higher scores than those with
the least.

The three districts have different curriculum and teaching styles, different school building designs
and very different climates. And yet the results of studies show consistently positive and highly
significant effects. This consistency persuasively argues that there is a valid and predictable effect
of daylighting on student performance.

The results of this study of student performance, when combined with the companion study
showing the positive effect of skylighting on retail sales, also strongly support the thesis that these
performance benefits from daylighting can be translated to other building types and human
activities.

(Top)

Skylighting and Retail Sales

An Investigation into the Relationship between Daylighting
and Human Performance

Executive Summary

This study looks at the effect of daylighting on human performance. It specifically focuses on
skylighting as a way to isolate daylight as an illumination source, and avoid all of the other qualities
associated with daylighting from windows. In this project, we established a statistically compelling
connection between skylighting and retail sales, and between daylighting and student performance.
This report focuses on the retail analysis.
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We analyzed data on the sales performance of a chain retailer who operates a set of nearly
identical stores. The analysis included 108 stores, where two thirds of the stores have skylighting
and one third do not. The design and operation of all the store sites is remarkably uniform, with the
exception of the presence of skylights in some. The electric lighting was primarily fluorescent. The
skylights often provided far more illumination, often two to three times the target illumination levels.
Photo-sensor controls turned off some of the fluorescent lights when daylight levels exceeded
target illumination.

The monthly gross sales per store were averaged over an 18-month period that went from
February 1 of one year to August 31 of the following year. This average sales figure was
transformed into a "sales index" that we could manipulate statistically, but that did not reveal actual
dollar performance. Stores in the sample were selected to operate within a limited geographic
region that had similar climatic conditions, and to have a constrained range of size and age. The
geographic region has a relatively sunny climate. All of the stores in the data set are one story.

The multivariate regression analysis allowed us to control for the influence of other variables, which
might influence sales. Other variables considered included the size and age of the store, hours of
operation, and economic characteristics associated with the zip code location.

Skylights were found to be positively and significantly correlated to higher sales. All other things
being equal, an average non-skylit store in the chain would be likely to have 40% higher sales with
the addition of skylights, with a probable range somewhere between 31% to 49%. This was found
with 99% statistical certainty. After the number of hours open per week, the presence of skylights
was the best predictor of the sales per store of all the variables that we considered. Thus, if a
typical non-skylit store were averaging sales of $2/sf, then its sales might be expected to increase
to somewhere between $2.61 to $2.98 with the addition of a skylighting system.

The skylights are seen to have a major impact on the overall operation of the chain. Were the
chain to add the skylighting system to the remaining 33% of their stores, their yearly gross sales
are predicted to increase by 11%. The difference between having none of their stores skylit and all
their stores skylit is a 40% increase in gross sales for the retail chain.

(Top)

Acknowledgements

This study was performed on behalf of the California Board for Energy Efficiency for the Third Party
Program administered by Pacific Gas and Electric, as part of PG&E contract 460 000 8215. George
Loisos was the project manager and Mona Yew the Contract Administrator.

Lisa Heschong, Partner in the Heschong Mahone Group, directed the study. She has been
assisted at the Heschong Mahone Group by Douglas Mahone, Kalpana Kuttaiah, Nehemiah Stone,

http://www.nbs-inc.net/toppagell.htm Page 9 of 11


http://www.nbs-inc.net/toppage11.htm#top
mailto:lheschong@h-m-g.com

Productivity 6/19/08 12:11 PM

Cathy Chappell, Jon McHugh, and Jackie Burton.

Stacia Okura of RLW Analytics conducted the statistical analysis under the direction of Dr. Roger
Wright, Principal, RLW Analytics.

Barbara Erwine of Cascadia Conservation investigated daylighting conditions at the Seattle Public
Schools. Neal Digert and Ken Baker of Architectural Energy Corporation investigated daylighting
conditions at Poudre School District in Fort Collins, Colorado. Both Cascadia Conservation and
Architectural Energy Corporation participated in data acquisition and development of the analysis
methodology.

We are deeply indebted to the personnel at the participating retail company who made the retail
study possible, by providing data and allowing us access to facilities. Many other companies were
involved in the initial phases of this study, as we sought to identify the best possible participants.
We greatly appreciate the time and effort that they put into helping us identify sources.

We would also like to thank the school district personnel who made the schools study possible, by
providing data and allowing us access to district records and facilities. Jeff Bristow and Chuck
Berridge at Capistrano Unified School District in Southern California, Mike O’Connell at Seattle City
Public Schools in Washington State and Hugh Mowery at Poudre School District in Fort Collins,
Colorado, provided access to their district’s data and assisted with its interpretation. Dave Doomey,
Ken Harkner and Bob Sendzik at Capistrano, Kathy Johnson at Seattle and Mike Spearnak at
Poudre helped provide information about and access to their district facilities.

We are very thankful to the many other people who also made this study possible, through their
interest in the significance of this work and their willingness to provide helpful information and
support. We would especially like to thank those who took the time to review and comment on the
draft reports: Gregg Ander, Dr. Ed Arens, Dr. Gale Berger, Dr. Robert Clear, Dr. Rick Diamond, Dr.
Judith Heerwagen, Dr. Paul Holland, Dr. Gage Kingsbury, Eleanor Lee, Dr. Margaret Morris,
Stephen Selkowitz and Dr. David Wyon.

(Top)

Order the Reports

You may download PDF versions of these reports here:

Skylighting & Retail Sales
Davlighting in Schools

If you are interested in the details of the study methodology and statistical analysis, this information
is available. To request copies of these detailed reports, contact Marlene VVogelsang, the Pacific
Energy Center's Resource Specialist, by e-mail at mxv6@pge.com or by phone at 415-973-7206.
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