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Skylighting and Retail Sales

An Investigation into the Relationship Between
Daylighting and Human Performance

The Impact of Light on
Outcomes in Healthcare
Settings

Anjali Joseph, Ph.D., Director of Research,
The Center for Health Design

Condensed Report This paper was funded by a gant from the
Robert Wood Johnson Foundation.
August 20, 1999
Submitted to:
George Loisos
Pacific Gas and Electric Company

on behalf of the
California Board for Energy Efficiency Third Party Program

Submitted by:

HESCHONG MAHONE GROUP
11626 Fair Oaks Bivd. #302
Fair Oaks, CA 95628

Legal Notice

“This report was prepared by Pacific G ¥ under the
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Sleep Medicine
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Impact of Windows and Daylight Exposure on
Overall Health and Sleep Quality of Office Workers:
A Case-Control Pilot Study
e S, D' by A S PR, il o P o MD. 0. ARSI
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(0D new Researcu

Study Objective: This research examined the impact of

dayight exposure on the health of office workers fom e lméation due 1 physical probems. and vialty—s wel ac i ERHE e
paiapachen of diaiie wa Ay Wl seap ity 08 il gostes ol hinp ity s s Gkl PEC) sy i rotes it . S LT TrR———
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wake patiems. . E o :;- WEhout Windows, Workers. With windows 3t e e e’ [AARGRBALFEENT X R-ERLTHA)
Mot Pucrts - ) i 27wl ot wakplie b e gt emcmwe i o ek, 8 o
idowiess. enveonments and 22 comparatie workers achy, s
n woApisces wh sipifcanty more daylght. Windowess 25 messured by aclgaphy.
envronment is defned as one wihout any wndows or cre  Conclusions: We Suggest rat acvectral desin of offce

‘where warkstatons were far away #Om Windows and Wihout  envronments should place more emphasie on Suficient
any exposwre 1o dayiight. Webbeing of the ofice workers  dayight exposure of the workers i crder 10 promote offce

wel.being.
was messued by Pitsburgh Sieep Qualty Index (FSQ)  Keywords: lioht exposure, sieep quaity. cualty of Me.

1 adion, 3 subset of partcpants N = 21; 10 workers dsign, offce enarcnmert e
and 11 woers in workpiaces with  Citation: Boubeli M, Cheung IN, Reid KJ, Wang CH, Zee u_m...n-&‘ R T TR
PC. Impact of windows and daylght exposre on overal A TRmARR I WORRIEE [0 i |
actvity, and sleep-wake patieme. ¥ .!( e
Results: Workers n windowiess envecrmerts reported pocrer sudy. J Gl Sep Med 2014,1068)603.611 Z
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ince the sick building syndrome of the 1970z and the World

D Health Organization’s Declaration on Occupational Health BRIEF SUMMARY o

for All in 1994, sccupatioml health has become 2 salient | CUmSnt Knoviedgu/tudy Ratonse: Sch e smount oed Sing M s nexna, cerne A aennocnenan o """’"Eni‘ff e
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the imcreased interest today in green uchitecture, duylighting unmmnmywmu Tess s known about the role el

i beconung an important design < Typacally. -

daylighting recommendations are made m the form of dayhght e
factor levels ranging between 2% to 6% depending on building e o= \nmga slacp i, et <A iy s phyped
type: aod activitiez. A daylight ictor &2 3 percentage of indoor
slammance compared to the outdoor illumnance o a bori-
zonta suface. The daybght fctor princrple 1 vald for stable 25 wel 25
overcazt zky cond ; summy y
and changing to be considered

Although there are many studies that have explored the  lighting during work hours can act 25 a regulator of circadian
relationskup between daylghting, prychological well-being,  physiology and behavior, with biue-enriched artficial lighting

and workers” productivity or school children's performance, ™  even competing with natural light 23 an entraier * Given that
few have addressed the impact of daylight at the workplace  office hows oceur during biologically matunal daylight bouss, )
on sleep, quality of life, and overall health. Exposure to light- t hat s oo
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dark patterm: i one of the main emronmental cue: for cirea-  effects on <leep, nd via zleep and other fnence: also bave
dian hythms fhat inflsence approximately 24-bous biological  effects on physical 3ad meptal health 3
mental, and bebavioral patterns such a5 sleep and activity.’ The There i much evidence that links msufScient sleep and/

timmine of light exposure is very influestial on these thythms,  or reduced slesp quality to 3 range of significant short-tem D oo hiiek i Lottt
and previous research har shown that office environment  mpaiments such 3 memory loss, lower prychomotor

o Jownai of Clinical Sieep Medicine. Tol. 10. No. 6, 014
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Student Performance in Daylit Schools

ANALYSIS OF THE PERFORMANCE OF STUDE!

TS IN DAYLIT SCHOOLS

Michael H. Nicklas
Gary B. Bailey

Innovative Design
850 West Morgan Szeet

BSTRAC

The conclusions of 3 recent research project oz the

-spec:
schools with normal lighting conditions.
‘The most striking conchusions of this smdy were.

2 te studen

orth Carolina, 27603

Carolina was analyzed and compared to the Comnty school
systezn a5 2 whole and other new schools withia the same

ouary. The first daylit school, completed in August of 1990,
‘was the Four Oaks Elementary Scbool. The Clayion Middie
School and the Selma Middie School were very similar in
design: both were developed around a daylit protorype design
and constructed in the spring of 1993

1. EVALUATION AND COMPARISON OF TESTING

To compare the performance of the smadents, the test results
from both the California Achievement Tests (1987/88 -
1991/92) and the End-Of-Grade Tests (199293 - lwvs)

and attended school 3.2 t0 3.8 days more per year;

b, libraries with superior light resulted in significandy
hiumuelﬂth

< izhuaz
i smdeats; and

d. because of the additional vitamin D received by the
stadents in fall-spectrum light, they had 0 times less
dennal decay and grew in beight an average of 2.1
cm more (over the two year peniod) than studeats
amending schools with average light

ing analys
becween dementary aod middle school sadent

of studeats aneading m dayl.n schools designed by
Innovadive Dmp for Johnston County Schools, North

by the Johnstoa Counry School Systems. From
198788 through 199192 the average total battery scores of
the California Achievement Tests were compared for 3rd, 4th
2nd Sth grade stadeass. First and second grades were not
tested After 199192 the average of the reading and math
components of the End-Of-Grade Tests are used to compare.
performance.

chievement Tests were gives each year
mm;nmlmw school year. The tests were admunistered
i March or April of the school year. After the 1991/92 school
year, the evaluation testiag was switched to End-Of-Grade
Testng and was given ia May of each year. Because of the
differences in the tests, it has been recommended by
Jokaston County Schools and State Deparcnent of Public
Instruction that we do 50t compare scores between the two
types of tests.

BRBPR 3

The Siteatns ke e puend I ACTRAR et i, 2882 © Copyrign 2002 Amedcan Seciety of Healng, Retigecating o Alr

Foper foom ik perrtasion o ASLIRAS

By Lisa Heschong

Daylighting and
Human Performance

aylighting is the practice of using natural light to provide illumina-
tion in interior environments. Fifty years ago, practically all schools

and d daylight as th

primary source. With

the advent of inexpensive electricity and widespread use of fluores-
cent lighting in the 1950s and 1960, states began to abandon re-

for

New buildings, no longer optimized
for daylight, were constructed with
lower ceilings and lower skin to volume
catios. Older buildings were ofien retro-
fitted with dropped ceilings, heavily
tinted glass or insulating pancls de-
signed to reduce heat gain from win-
dows. ha &

in their building codes.

As energy costs soared, starting with the energy crises of the 1970s,
the glazed areas of buildings came to be regarded by many as an
energy liability, seen as increasing heating and cooling loads. Since
cooling loads typically dominate in non-residential buildings, solar gain
through windows became a driving concern.

ilumiaation, the saviegs fov lighting
and cooling can be dramati

Secondly, 3 growing. iateees i o
fluence of indoor caviroaments on
bealth and produstivity bas resurrected
interest in the potential health and pro-
ductivity beaefits of dxylngllm[ Re-

reduction in the amoust of daylight
svailable in our schools and workpisoes
amn- u: past hal y

ducticns in worker
cetail sales, and betier student it
were associsted with incresses in day-

Tight However, few

neml nm when lighting zl«lmhy
consumption is considered slong with
heating and cooling as part of a whole
building energy equation, daylighting
typically provides a net cacrgy benefit
Daylight is intrinsically more efficient
than any electric source because it pro-
vides more lumens per unit of heat con-
tent. If appropriste daylighting
techniques are used to displace electric

ASHRAE Journal|Junc 2002

formal
the relationship of daylight with these
outcomes. we have

lected test scores und demographic in-
formation for all second through fifth
graders in the districts, snd classified
theie classrooms for the amount snd
quality of daylight availatie. We chose
to work with data on elementary school
children since they typically spead all
year in ono classroom. Thus, we could
direstly isolate the effects of that 060

classroom.

‘We also specifically selected districts
thathad s number of classrooms lit from
above with skylights or roof moaitors
(“toplighting™), We reasoocd that day-

ight provided thiough wiadows might

have complicating factors, such as the
quality of view, whereas daylight
provided from above typically had
fewer other qualities that might influ-
ence results. Thus, we would be more
likely to be looking @t a pure
“daylighting cffect.

The three districts were locatod in San
Jusa Capistrano, Cali,, Seattle, and Fort
Collins, Colo. These theee districts have
very different climates, school building
m«nmmwwwxm
icts also provided us with in-
{oamnon about student demographic

studying the association of increased
daylight with student performance and
retail sales. This summary srticle de-
scribes the methodolegy and findings
from the stady" in schaols.

We identified three Jarge school dis-
tricts that had a range of daylighting
conditions in their classrooms. We col-

-
size of schools, ete. We added informa-
tioa to these data sets about the physi-
cal conditions of the classrooms where
these children were sssigned. We ro-

About the Author
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Analysis of the performance of students in
Daylit Schools
(American Solar Energy Society)
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