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The Academy’s multi-channel on-line approach provides 
emerging professionals, journeymen, and master professionals 
with convenient and economical opportunities to develop their 
chosen area of interest. 
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Academy of Architecture for Health (AAH)
On-line Professional Development

Masters Studio Series sessions are tailored to provide 

healthcare design professionals with sufficient exposure to 

jump-start interest in wanting to learn more.



Compliance Statement

“AIA Knowledge” is a Registered Provider with The American Institute of Architects 
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for both AIA members and non-AIA members are available upon request.

This program is registered with AIA/CES for continuing professional education.  As 

such, it does not include content that may be deemed or construed to be an 

approval or endorsement by the AIA of any material of construction or any method 

or manner of handling, using, distributing, or dealing in any material or product.  

Questions related to specific materials, methods, and services will be addressed at 

the conclusion of this presentation.
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AIA/CES Reporting Details

In order to receive credit, each attendee must complete the webinar survey/report 

form at the conclusion of the presentation.

Follow the link provided:

• in the Chat box at the conclusion of the live presentation; 

• in the follow-up email you (or the person who registered your site) will receive 

one hour after the webinar. 

All attendees will be eligible to receive:

1 AIA LU/HSW (AIA continuing education)



To Post Questions or Comments:

Submit a question to the moderator via 

the chat box.

Content-related questions will be 

answered during the Q&A portion as time 

allows. 

Tech support questions will be answered 

by AIA staff promptly.
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The Science of Color 

Perception



Electromagnetic Spectrum



Light is Only Visible When it React with a Surface

Reflected (r)

Transmitted (t)

Absorbed (a) 

r + t + a



Color Theory

Additive & Subtractive



Spectral Power Distribution



Objects and Light



Objects and Light

X =



How to Evaluate Color 

Quality



Correlated Color Temperature (CCT)



Color Rendering Index (CRI), Explained



New Approaches to Color Quality Metrics

Courtesy of  IES

Courtesy of Arch Lighting



CIE Diagram

Outer edge shows the limits of our 
color sensitivity (Spectral Locus)

The curved line is the “black body 
curve” representing the different 
definitions of white light

White shades are shown on the 
Black Body Curve/Locus  (BBL), 
measured in Correlated Color 
Temperature (CCT)

Pink or green tints of white are 
measured in Delta uv (Duv)
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Color is Additive

Light colors are additive, so 
adding Red, Green, and Blue 
gives you some shade of white



Color is Additive

Blue plus Yellow gives you 

some shade of white



Agenda

MARY ALCARAZ

MARIANA FIGUEIRO

ED CLARK

KARYN GAYLE



PE, LC, CEM, LEED BD+C

The Children’s Hospital of Philadelphia



ANSI/IESNA RP-29 Healthcare Lighting

Overall Experience

Safety

Health and Wellness



Overall Experience

“Consumers draw upon 

emotional cues and 

visual appeal to 

formulate a sense of 

trust. Healthcare is 

personal; developing a 

connection between 

the healthcare 

provider and the 

patient is important.”



Overall Experience

“Windows provide 

access to an important 

light source for patients 

and staff. Daylight and 

views provide 

orientation, a 

connection to the 

natural world, and help 

prevent boredom. 

Natural daylight aids in 

establishing appropriate 

biorhythms during 

recovery.”



Safety

“Prevention of hospital-

acquired infections (HAI) 

includes policy and 

procedures to minimize the 

risk of infection in 

healthcare facilities via 

human-to-human contact, 

human-to-surface contact, 

or airborne contact.”
A strategy that may be used to improve handwashing 

effectiveness is to have a proximity sensor trigger a 

timer that holds the light on for a prescribed time before 

turning off.  Another strategy is to provide color 

changing timed light that changes color when the 

person has washed for the desired time limit. 

Salley Whitman, NXT Health Patient Room 2020 Prototype



Safety

“Falls most commonly occur at 

curbs, stairs, bathrooms, and 

between the bed and the 

bathroom. Patient rooms, more 

specifically the path between the 

bed and the bathroom, should 

be illuminated.”



Health and Wellness

“Quality lighting not only addresses the 

traditional goals of comfort, function, safety 

and aesthetics, but also has been shown to 

enhance the complete physical, mental, and 

social well-being of a person.”

King of Prussia Specialty Care Center – MRI Suite



Health and Wellness

“There is a growing 

body of research that 

indicates that light 

impacts non-visual 

systems as well as 

visual systems.”



Health and Wellness

Replace existing 2x2s with 
LEDs with Dimming driver 
and wireless controller

Wireless Dimmers for 
control at Nurse Stations



Health and Wellness

Patient Control over Color 
Changing Light in Room

White Tunable LED Lighting

Daylight in Activity Spaces



PhD

Lighting Research Center, Rensselaer Polytechnic Institute
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Lighting affects three systems
Visual + non-visual + message

Distribution

Appearance Visual Systems
Visual  

Performance

Performance, 
Well-being, 

Satisfaction, and 
Comfort

Alerting Effects Non-visual Systems Phase Shift

Amount Spectrum DurationDistribution Timing

Culture, 
Experience, 
Expectations

TimingSpectrum DurationAmount



Alerting effects of light (e.g. = cup of coffee)
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. 

Sponsor: Office of Naval Research (N00014-11-1-0572)



• Exposure to light increased measured of alertness (brain 

activities and self reports) at night and during the afternoon

• Only blue and white lights suppressed melatonin

Sponsor: Office of Naval 

Research (N00014-11-1-0572)

Sahin L, Wood BM, Plinick BA, Figueiro MG. Daytime light 

exposure: Effects on biomarkers, measures of alertness, and 

performance. Behavioral Brain Research. 2014; 274: 176-185. 

(Graphic above developed in study; not published in journal.)

“Blue”, “white”, and “red” lights as alerting stimuli
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Sahin L and Figueiro MG. Alerting effects of short-

wavelength (blue) and long-wavelength (red) lights in the 

afternoon. Physiology and Behavior. 2013; 116: 1-7.

Sahin L, Wood BM, Plinick BA, Figueiro MG. Daytime light 
exposure: Effects on biomarkers, measures of alertness, and 
performance. Behavioral Brain Research, 2014, 274:176-185.
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Lighting affects three systems
Visual + non-visual + message

Distribution

Appearance Visual Systems
Visual  

Performance

Performance, 
Well-being, 

Satisfaction, and 
Comfort

Alerting Effects Non-visual Systems Phase Shift

Amount Spectrum DurationDistribution Timing

Culture, 
Experience, 
Expectations

TimingSpectrum DurationAmount



Phase shifting effects of light

• Promote entrainment in daytime staff and in patients
– Morning light can promote entrainment of dayshift workers and of special populations 

(Alzheimer’s disease patients, premature infants, cancer patients undergoing treatment)

39

. 



Circadian system

• Plants and animals exhibit patterns of 
behavioral and physiological changes 
over an approximately 24-hour cycle 
that repeat over successive days—
these are circadian rhythms

• circa = about; dies = day

• Circadian rhythms are 
influenced by exogenous and 
endogenous rhythms
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Light is the primary synchronizer of circadian 

rhythms to local position on Earth

Light is the primary synchronizer of 
circadian rhythms to local position on Earth

The natural, 24-hour, 

light-dark cycle
light

retina

suprachiasmatic 
nucleus

hypothalamus

thalamus

lateral geniculate
nucleus

pineal gland

signals to body

optic nerve

24.2

Adapted from National Library of Medicine image, 2007 
(public domain)

…also the major disruptor
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Circadian disruption

• Circadian disruption has been associated with:
– Poor sleep and higher stress

• Eismann et al., 2010

– Increased anxiety and depression

• Du-Quiton et al., 2009

– Increased smoking

• Kageyama et al., 2005

– Cardiovascular disease 

• Young et al., 2007; Maemura et al., 2007

– Type 2 diabetes 

• Kreier et al., 2007

– Higher incidence of breast cancer

• Schernhammer et al., 2001, Hansen, 2006



Circadian stimulus (CS)

Metric for quantifying effectiveness of light sources for activating the circadian system

• CS is equivalent to percent melatonin suppression 

after 1-h exposure to the light source

– An indication of how effective the light source is for the 

circadian system

– CLA is calculated using the SPD and light level at the 

cornea

– CS is calculated using transfer function

– Caveat: does not take into account duration of 

exposure, photic history and is based on acute 

melatonin suppression (not phase shifting of the clock)

• Threshold = 0.1 CS; half max = 0.3 CS; saturation = 

0.7 CS



Light therapy for bone marrow transplant patients

• Investigate the impact of a CS of 0.3 

during the morning hours on:
– Circadian markers (melatonin)

– Fatigue

– Depression

– Sleep

44

Sponsor: Acuity Brands 

National Cancer Institute

Collaborator: Dr. William Redd, Mt. Sinai Ichan

School of Medicine 



Light therapy for promoting entrainment in persons 

with dementia

• Study tested the effectiveness of a tailored light treatment on sleep 
quality, agitation and depression in 14 patients with Alzheimer’s disease 
and related dementias living in nursing homes

• High circadian stimulation (CS>0.3) during daytime hours
• 300-400 lux at the cornea from waking to 6 pm

• Bluish-white light, CCT > 9000 K

• Results showed increase in sleep efficiency, 
total sleep time, reduction in agitation and 
depression
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Sponsor: National Institute on Aging (R01AG034157)

Figueiro et al. 2014

Product donation: GE Lighting
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How to calculate CS

• Horizontal points 
measured at desk height
– 2’-6” AFF

• Vertical points measured 
at eye height
– Approx. 4’-0” AFF

– Approx. 1’-0” from edge of desk

• Target horizontal 
illuminance 
– 400 lux

• Direct-indirect luminaires

• Typical office 
reflectances

Calculation Points
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Pick the intensity distribution of the luminaire

• The ideal ratio of vertical to horizontal illuminance was 

determined to be 7:10
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http://www.lrc.rpi.edu/resources/CircadianStimulusCalculator_April302016.xlsx



Manufacturer 1 Manufacturer 2 Manufacturer 3 Manufacturer 4

3000 0.17 0.30 0.30 -

3500 0.23 0.19 - 0.18

4000 0.23 0.24 - 0.27

4500 0.30 - - -

5000 0.32 0.32 0.32 -

5500 0.34 - - -

6000 0.36 - - -

6500 - 0.39 - -

7000 - 0.39 - -

7500 - 0.41 - -

8000 - 0.42 - -

8500 - 0.42 - -

9000 - 0.43 - -

9500 - 0.44 - -

10000 - 0.45 - -

400 lux horizontal; 280 lux vertical

49

Use the CS calculator to determine CS 
Light Level + Spectral Power Distribution + Distribution

• 400 lx horizontal

• Best ratio luminaire

• CS of 0.3 can be 

achieved with a warm 

color light source, 

depending on SPD

CCT

http://www.lrc.rpi.edu/resources/CircadianStimulusCalculator_April302016.xlsx
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Pick a lighting control schedule: timing matters!

Light level and SPD

Both light level and SPD/CCT vary throughout the day to 
achieve 0.3 CS in the morning and 0.15 in the late afternoon
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Pick a lighting control schedule: timing matters!

Light level only

Changes in CS can be achieved by simply increasing or 
decreasing the system’s light output while keeping the same CCT



52

Lighting Patterns for Healthy Buildings

We developed a website detailing lighting design 
patterns for:

24-h lighting scheme for seniors’ facilities

http://lightingpatternsforhealthybuildings.org/

http://lightingpatternsforhealthybuildings.org/
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Acuity Brands



LED Progression: From Static Color to Dynamic Experiences

•

•

•

•



What is Warm Dimming?



Why use Warm Dimming?



What is Tunable White?



Why Use Tunable White?



What is Tunable Spectrum?



Why Use Tunable Spectrum?



Tuning for Non-Visual Effects of Light



Why Use Circadian Tuning?



ZGF Architects LLP



Circadian Impactful Design…… is a PROCESS not a PRODUCT



Understand the Occupants – Where and When 



Understand the Site



Understand the Site



http://www.nasa.gov/mission_pages/station/research/experiments/651.html

Understand the Site



Materials Matter



Design Analysis

http://faculty.washington.edu/inanici/Lark/Lark_home_page.html



Materials Matter



Materials Matter



Materials Matter



Materials Matter



Point of View Matters

March 21, 3pm - Partly Cloudy, 5000 CCT`

CS = 0.32 CS = 0.22 CS = 0.04

CS = Circadian Stimulus



Consider the Source



Consider the Source

Photopic – 55 Lux Photopic – 444 Lux Photopic – 833 Lux

Winter
Overcast Sky – 7000k

Spring
Partly Cloudy – 5000k

Summer
Clear Sky – 25000k



Consider the Source
Winter

Overcast Sky – 7000k
Spring

Partly Cloudy – 5000k
Summer

Clear Sky – 25000k



Consider the Source



Consider the Source



Consider the Source



Consider the Source



Consider the Source





BLUE WASHING



Circadian Design – On the Boards



Circadian Design – On the Boards



Circadian Design – On the Boards



Circadian Design – On the Boards



Circadian Design Guidelines



Time for Questions and Comments:



Thank you for joining us today!

This concludes the AIA/CES Course Research to Practice | Lighting for 

Improved Environment of Care. The webinar survey/report form URL is 

listed in the chat box and will be included in the follow-up email sent to 

you in the next hour. Earn 1 AIA LU/HSW.

Survey Link: http://bit.ly/2dxuipI

All attendees must report credit individually by completing the webinar survey/report form 

within the next 3 business days. Credit will automatically appear on your transcript within 2 

weeks. Tablet and smartphone users must copy down the above survey link.

Please direct any further questions to knowledgecommunities@aia.org. 

http://bit.ly/2dxuipI
mailto:knowledgecommunities@aia.org


Join us at the AAH!

• Receive Academy Update newsletters 

• Access to resources 

 Knowledge Repository

 Webinars

 Award programs

 Scholarships, Fellowships

 Emerging professionals benefits

 National and regional conferences and events

 Social media, publications, blogs and Twitter 



To join AAH or update your account go to:

Click here 

www.aia.org/aah



Join us for more upcoming webinars* 

Visit www.aia.org/aah for more information and to register. 

Date Series Topic

12/13 Case Study Series
2015 AAH Design award winner and Case Study archive pilot:  

UCLA Surgery and Cancer Center

1/10 HC 101 series Patient Safety Fundamentals for HC Architects – Part 2

*Dates and topics are subject to change

http://www.aia.org/aah

