
Kyle D. Konis, AIA, Ph.D.

daylight & 
dementia care
Daylight design performance criteria  
for dementia care facilities



author
Kyle d. Konis, AIA, Ph.D.

University of Southern California  
School of Architecture   
Watt Hall, Suite 204   
Los Angeles, CA 90089, USA

acknowledgment

The project team would like to acknowledge Silverado, the American 
Institute of Architecture Upjohn Research Program, and the USC Davis 
School of Gerontology for supporting this work. 

This manuscript was submitted in conjunction with a national professional conference, “The Value of Design: Design & Health,” 
hosted in Washington, D.C., April 22-24, 2014, by the American Institute of Architects Foundation, the American Institute of 
Architects, and the Association of Collegiate Schools of Architecture. Conference staff have edited manuscripts for clarity and 
style. This project was made possible in part by a grant from the National Endowment for the Arts. 

Visit www.aia.org/designhealth



1

to electrical lighting sources due to its spectrumb, 
intensity, general availability, and potential to be intro-
duced into spaces via windows and skylights to minimize 
restrictions on the movement and activities of residents. 
Apertures delivering daylight provide additional co-ben-
efits via environmental cues (e.g. views to the outdoors 
signaling time of day, orientation, outdoor weather 
conditions, and other activities) that can increase inter-
est and stimulation as well as aid in maintaining spatial 
orientation and way finding. However, studies examining 
the effects of interior daylight exposure on managing 
sleep, behavior, cognition, or mood disturbances asso-
ciated with dementia are extremely limited (Forbes et 
al., 2009). Moreover, reliance on daylight introduces a 
range of additional design issues that must be consid-
ered, including availability, timing, distribution, avoidance 
of glare, and control of solar overheating. There are 
currently no minimum requirements for daylight access 
in dementia-care facilities (or assisted living facilities in 
general), nor refined criteria to guide optimal use of  
daylight to improve health and well-being of ADRD 
patients through design. Current lighting criteria for 
buildings (even buildings designed for aging adults) 
are focused on improving lighting conditions for visual 
tasks and electrical lighting-energy reduction goals, not 
biological needs. 

b  The circadian system is maximally sensitive to short-wavelength 
(“blue”) light, with a peak spectral sensitivity at around 460 nm. 
This peak spectral sensitivity matches closely with the peak spectral 
power of common daylight illuminants (solar beam radiation, clear 
blue, and diffuse skies) (Andersen et al., 2012).

introduction

The number of people age 65 and older with Alzheimer’s 
Disease and Related Dementia (ADRD) is estimated 
to reach 7.1 million by 2025—a 40 percent increase 
from the 5 million age 65 and older currently affected 
(Alzheimer’s Association, 2013). There is no known cure 
for Alzheimer’s disease, and decades of research and 
development of drug treatments to help with cognitive 
and behavioral symptoms has produced drugs with 
limited benefits and often-serious side effects. All 
Alzheimer’s patients eventually require full-time care at 
home, in the community, or in long-term care facilities. 
Among these three care environments, the severity of 
cognitive and behavioral symptoms increases most 
rapidly when patients are in long-term care facilities. 
This paper presents ongoing research initiated through 
a multi-disciplinary collaboration between the USC 
Department of Architecture, the USC Davis School of 
Gerontology, and Silveradoa, a large dementia-care 
provider in Southern California. The long-term objective 
of this research is to establish empirical daylighting 
requirements and performance criteria tailored specif-
ically to assess and inform the design and operation of 
dementia-care facilities. A parallel objective is to develop 
simulation-based workflows, case study design projects 
and novel architectural light-delivery systems demon-
strating the successful implementation of these criteria. 

The utilization of daylight as the primary indoor light 
source for circadian stimulus is an attractive alternative 

a  http://www.silveradocare.com/
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The following section presents a summarized review 
of existing research relating lighting and daylighting 
exposure to the heath and well-being of aging adults, in 
particular those with ADRD. Gaps in existing knowledge 
are identified and used as a basis to outline a research 
agenda for addressing critical knowledge gaps and to 
map a path for translating emerging empirical findings 
into guidance to improve the architectural design and 
operation of dementia-care facilities. The paper con-
cludes by discussing a field study informed from this 
research, which has been designed to examine and 
quantify the effects of indoor daylight access on multiple 
Alzheimer’s health and well-being outcome measures at 
four dementia-care facilities in LA County. 

literature review

light as “therapy”

Humans, like all biological life, possess an internal 
biological clock that regulates daily patterns of activity 
following the light and dark pattern of the 24-hour solar 
day. The suprachiasmatic nuclei (SCN) hosts the circa-
dian clock (or circadian system) responsible for orches-
trating the daily timing of biological functions, for exam-
ple, sleep/wake, alertness level, hormone suppression/
secretion, and core body temperature. The period of the 
SCN is slightly greater than 24 hours and relies on light 
received at the retina to maintain entrainment with the 
solar day. The action spectrum of light for the circadian 
system is shifted towards shorter wavelength (~460 nm) 
“blue” light (Brainard et al., 2001; Thapan et al., 2001) 
with respect to the visual system, which is maximally 
sensitive to (~555 nm) “green” light. Consequently, light 
that may be perceived effective for visual tasks may not 
be an effective stimulus for circadian entrainment. This 
has led to the effort to precisely define the term “circa-
dian light” in order to articulate the fundamental differ-
ences between responses by the visual and circadian 
systems to optical radiation (Rea et al., 2010). Further, 
the aging of the eye and patterns of light exposure affect 
the sensitivity of the circadian system to light, leading 

to implications for the intensity and duration of light 
required. In institutionalized settings, lack of sufficient 
exposure of the retina to bright, circadian-effective light 
is considered one of the primary contributors to dis-
ruption of the circadian system, with cascading effects 
of sleep disruption, agitated behavior, depression, and 
cognitive decline (Day et al. 2000). Exposure to bright 
light (> 1000 lux at the cornea), typically administered in 
the morning via electrical lighting, has been shown to be 
an effective non-pharmacological treatment option for 
sleep disturbances (Dowling et al., 2005; Hanford and 
Figueiro, 2013) and for ameliorating behavioral problems 
(Cohen-Mansfield, 2001; Hanford and Figueiro, 2013) 
for people with Alzheimer’s disease. However, Bright 
Light Treatment (BLT) presents an array of practical im-
plementation problems for routine use in care settingsc 
by restricting the personal movement and activities of 
residents and has led to reported side effects of irritabili-
ty, dizziness, and headache when used as a treatment for 
people with ADRD (Labbate et al., 1994; Terman, 1999; 
Riemersma-van der Lek et al., 2008).

daylighting design requirements and 
performance criteria

Although there have been relatively few rigorous studies 
examining the impact of long-term exposure to 24-hour 
light/dark patterns (particularly with daylight as the 
primary light source) on the health outcomes of ADRD 
residents, there is a sufficient body of theoretical knowl-
edge (Figueiro, 2008; Figueiro et al., 2008; Andersen et 
al., 2012) and empirical data (Deschenes et al., 2009; 
Hanford and Figueiro, 2013) to begin to explore how 
efforts to orchestrate 24-hour light/dark patterns to im-
prove sleep efficiency and other health factors could be 
achieved through design at a range of scales to optimize 
circadian-effective stimulus from daylight while balanc-
ing multiple other lighting and environmental objectives. 

c Using a standing light box is problematic because patients must sit 
still for the treatment and be supervised so they do not fall asleep or 
wander away.
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connections Between design and health:   
a performance-Based design frameworK

The objective of this design framework is to demonstrate 
the positive impact of design interventions (principally 
through the optimized use of daylight as a circadian 
stimulus) on human health, supported and refined 
through a coordinated feedback loop incorporating 
health outcome data from facilities in use. For ADRD 
residents with a disrupted circadian phase, the princi-
ple goal is to resynchronize the circadian phase with 
the solar day. For long-term exposure, the goal is to 
maintain entrainment. The important note here is that 
light “therapy” from short “doses” of light and long-term 
maintenance of circadian entrainment via orchestrated 
exposure to patterns of light/dark are fundamentally 
different concepts that lead to different implications  
for design.

The above framework diagram (Figure 1) illustrates a 
feedback loop linking facility design to daylighting per-
formance criteria for the timing, intensity, duration, and 
spectrum of circadian-effective light. A pilot field study, 
summarized in the following section, seeks to validate 

theoretical assumptions for these variables (e.g. > 2000 
lux for 2 hours after waking) on short-term resident 
health outcomes. Given appropriate assumptions for the 
ideal timing, intensity, duration, and spectrum of daylight 
for stimulation of the circadian system, the design prob-
lem is then how best to manage the multiple architectur-
al parameters (e.g. aperture size, room orientation, fen-
estration properties) to achieve the desired daylighting 
conditions while maintaining control over glare and solar 
overheating, as well as the additional design constraints 
unique to each project site, context and program. 

As a first step, the photobiology-based model developed 
by Andersen et al. (2012) and the mathematical pro-
cess developed by Pechacek et al. (2008) to calculate 
the “circadian efficacy” of various light sources will be 
applied in annual climate-based daylight simulations fol-
lowing the simulation approach described by Mardaljevic 
et al. (2013) to quantify the circadian potential of 
existing spaces. Figure 2 illustrates a preliminary appli-
cation of the approach to determine the vertical daylight 
exposure at the eye for a seated position in a large inte-
rior gathering space located at one of the four facilities 
selected for the field study. The basic room geometry, 

figure 1: framework diagram showing potential for emergent scientific knowledge to be translated 
into practical information to guide the design, renovation, and operation of care facilities.
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windows, and surrounding urban context are modeled 
in the 3-D modeling software Rhinoceros and imported 
into the lighting simulation engine Radiance where win-
dow glazing and material surface optical properties are 
assigned. An annual climate-based daylighting simula-
tion informed from local weather data is then performed 
to determine the vertical illuminance at the eye for each 
hour of the year. At this initial stage of development, the 
simulation workflow reports photopic lux rather than cir-
cadian-equivalent lux, which has yet to be implemented. 
A visualization of 24-hour patterns of daylight access for 
the observation point in Figure 2 is presented in Figure 
3, aggregated by month for the purpose of exploring 
seasonal variation in daylight access.

Figure 4 illustrates the approach applied to additional 
facilities and spaces. The approach will be applied to 
characterize a selected set of interior spaces (e.g. dining 
area, public gathering spaces, typical bedroom), within 
each of the four test sites. Circadian potential (interpret-
ed over daily, seasonal, and annual timescales) will be 
quantified for each space, and using knowledge of daily 
patterns of use at each facility (which are orchestrated 
by facility caregivers), an overall value will be estimated 

for each facility. In addition to physically monitored 
daylight levels, the circadian potential for each facility 
will then be compared against the baseline and outcome 
data collected from residents participating in the field 
study (see following section) to examine the hypothesis 
that residents in spaces with higher circadian potential 
experience relatively fewer negative health outcomes. 
The next step in this ongoing research will be to apply 
this approach to additional care facilities identified 
through outreach and collaboration with our healthcare 
partners and to begin to develop practical design best 
practices. The following step will be to develop a series 
of case-study daylit spaces exploring how both common 
and novel daylighting strategies can be refined para-
metrically in response to multiple daylighting perfor-
mance objectives and unique site, program, and climate 
constraints.

field study design

To examine the application of daylight as a stimulus 
to the circadian system to improve health in demen-
tia-care facilities, a three-month field study in four 

figure 2: example interior daylit space and single observation point used to model daylight exposure 
at the eye. the figure illustrates the challenges of estimating a precise exposure due to changes in 
view-point location and direction throughout the course of the day.
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figure 3: 24-hour “clock” plot displaying timing, intensity, and duration of photopic lux from annual 
(8760-hour) climate-based daylighting simulation for single observation point (figure 2). each circular 
increment indicates 100 lux.
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dementia-care facilities in Los Angeles County has 
been designed in partnership with Silverado. Silverado 
is an assisted-living service provider that delivers care 
for those with Alzheimer’s, dementia, and other mem-
ory-impairing diseases. The study is designed to utilize 
only interior daylight as a stimulus to reflect the practical 
limitation of many urban facilities to restricted access for 
residents to the outdoors due to weather, lack of avail-
able outdoor spaces that are secure and comfortable for 
extended time periods, and risks of wandering. A total 
of four facilities were selected for the pilot field study. At 
two facilities, an intervention will enlist staff to increase 
daylight exposure for Alzheimer’s residents by taking 
them to a daylit perimeter room in the morning (9:00 
– 11:00 AM) where vertical daylight illuminance at eye 
level exceeds 2000 lux and where direct sun exposure 
can be avoided. Patients at the other two facilities will 
receive the usual care. During the period from 9:00 AM 
to 11:00 AM each day, the control group will be taken to a 
similar-sized area indoors without daylight exposure for 
socialization under typical interior fluorescent-lighting 
conditions. We hypothesize that depression symptoms 
and negative behaviors will be reduced and cognitive 
function will improve after the three-month intervention 
among participants in the intervention group and that 
the control group will show no significant change or will 
decline.

At all facilities, the following patient outcome measures 
will be taken:

1. patient outcomes (completed at baseline and 3 
months). For each of our major outcomes, we will use 
instruments that are well-validated for use in testing 
effects of short- to long-term interventions in AD:

a. Depression: Geriatric depression scale, long form 
(Yesavage et al., 1983)

b. Cognitive ability: Alzheimer’s Disease Assessment 
Scale-Cognitive (ADAS-cog), (Rosen et al., 1984)

c. Behavior: Behavioral Pathology in Alzheimer’s 
Disease Rating Scale (BEHAVE-AD) (Reisberg et 
al., 1987)

2. trial conduct/methods outcomes:

a. Facility and staff support and participation: facili-
tators and obstacles.

b. Fidelity of light and control intervention: facilita-
tors and obstacles.

c. Data collection fidelity: patient outcomes and 
light measures.

d. Estimates of subject recruitment, consent, and 
attrition rates: facilitators and obstacles.

figure 4: illustration of the room-level approach applied to traditional facilities and spaces.   
(Source: Christina Clementi)
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e. Estimates (and confidence intervals) for study/
trial planning: intervention effect size, variance of 
outcome measures, within-facility correlation in 
outcome measures, within-patient correlation in 
outcome measures (repeated measures).

Outcome measurements will be confined to those 
who meet the trial inclusion criteria (AD diagnosis, no 
physical co-morbidities that preclude participation in 
the daily group intervention). Based on current facility 
records, we estimate the intervention and control groups 
will each include approximately 50 Alzheimer’s disease 
participants each (25 patients per facility). Demographic 
information obtained during the study preparation phase 
(mean age, type of dementia by diagnosis, depression 
level, length of time in facility) will be obtained to show 
that the facilities are comparable. Human Subjects 
Institutional Review Board (IRB) approval is currently 
in progress. All analyses will include factors for facil-
ity and intervention (nested within facility). Baseline 
analyses will include descriptors of the study sample 
(age, gender, race, MMSE) as well as initial levels of the 
outcome measures (depression, cognition, behavior) 
and will utilize analysis of variance for continuous data 
and chi-square methods for categorical data to compare 
the intervention groups. Three-month outcomes will be 
compared between intervention groups with analysis of 
variance (2-level factor for intervention, 4-level factor for 
facility, with intervention nested within facility). 

conclusion and next steps

Theoretical knowledge, expert judgment and emerg-
ing findings from photobiology are sufficient to begin 
to propose 24-hour patterns of light/dark that have 
the potential to be orchestrated through thoughtful 
architectural design at a range of scales to improve 
the health and well-being in dementia-care facilities. 
However, it is important to develop and refine feedback 
loops between the assumptions made during design and 
observed health outcomes of projects in use. This paper 
described parallel simulation and field-based research 

efforts currently in progress to examine the relationship 
between circadian-effective daylight exposure and their 
possible positive impact on heath outcomes for ADRD 
patients. The long-term objective of this research is to 
translate findings into empirically-based environmen-
tal lighting metrics for use in the design, renovation, 
and operation of dementia-care facilities so that they 
more effectively support the health and well-being of 
residents. Results from the pilot study are not intended 
to establish the basis for these metrics. Rather, the 
proposed pilot is the first step in establishing an appro-
priate methodology for carrying out additional, much 
larger studies aimed at translating research findings to 
specific quantitative guidance that architects can use to 
shape the built environment to better-support health and 
well-being. Demonstration of the hypothesized effects 
will serve as the fundamental first step to continue more 
refined research to examine specific parameters of day-
light treatment (e.g. timing, intensity, duration, spectral 
quality) and their effects and mechanisms of effects 
on depression, cognitive function, behavior, and other 
health outcomes in persons with Alzheimer’s disease.
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