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PREFACE
Gordon H. Chong

However measured, by the $441 billion dollars spent annually on nonfigide
construction, $561 billion on residential construction, or 45% of total eremgyumed
by buildings, the ongoing fiscal, social, cultural, educational, enviratahand health
impacts of design and construction on the welfare of our commastggnificant. As
architects, clients and educational Institutions, we activelyggaate in defining the
quality of these environments. Each of our projects demandsicagmiknowledge for
making innumerable decisions on a daily basis. As professionalarevexpected to
have the knowledge to make these decisions, gained through education arehegperi
often verified by examination and licensure.

Why and how these decisions are made is of increasing conceaxlyClhe breadth and
depth of circumstances make it unrealistic that academic #olucone would ever
suffice. Therefore, professional architects, clients, and builders always depended on
our experience and intuition. However, in today’s increasingly complerd of
decision making, there is a clarion call for better tools, tgreagor in developing
knowledge, and a value-based rationale for design decisions. Architketds and
educators are being called upon to develop knowledge based on reseapcbvitat a
degree of evidence greater than ever before, and to provide a doakiece of
knowledge based on experience, intuitiand evidence to inform design decisions that
result in high quality communities.

This is easier said than done. The architectural profession has emphasizredtantial
problem solving and the accumulation of prior experience as basaguo tlecisions,
what some characterize as looking back as a means for jugtdgisign decisions for the
future. What has been missing is a more generalized knowledge abditgrio predict
the effects of environmental design stimuli on human responses.

As important as this seems, why is it, then, that in its 150syehrexistence the
architectural profession has been unable to embrace a cultuesedreh to inform
design? Today, fewer than 20% of 115 accredited Schools of Arcingexffer a Ph.D.
program, and only a handful more offer some exposure to and expemerigerous
research through building technology centers and laboratories. Taerans a
significant imbalance in learning between experience, intuition, endence-based
research.

In 2007, only .2% of federal research fundings allocated to sustainable buildings—
which many consider to be highest priority. With this paucitynohies allocated to
design research, it is not surprising that practitioners remain unskilled analese

Worse still, self-promotional information in the name of reseaeflects poorly on the
profession, since it adds no value to the supply chain of knowledge.le \tins



generation of architects has been trained in “problem solving vkl around us has
changed to emphasize problem seeking and innovation through exploration and research.

With the 2005 award of the Latrobe Fellowship from the College dbWwe of the
American Institute of Architects, Chong Partners Architectukaiser Permanente, and
the University of California, Berkeley have collaboratively exgtbissues relevant to an
evidenced-based research and design model. Working as architestds end
educators, we analyzed how evidence is developed and what constjppiepriate
evidence to inform design decisions. Additionally, we undertook a pildy if a trans-
disciplinary model in a healthcare setting. We consider Modeeanas methodology,
described more fully later in this report, an appropriate approactm gi\desire to build
on our past (architectural intuition) and add (unfamiliar) peréoroe measures using
established scientific protocols.

Further, the report, like all good explorations, reveals our wanderidgsates,
challenges, unanticipated roadblocks, changes in direction, unresolvesl iasdeour
wonderful “ah-ha!” moments. Knowing that our work is but a stgrfpoint in our
ongoing search and a small contribution to a larger body of profegsinquiry of
evidence-based design and research, we are more comfortable stingam efforts as
“lessons learned” rather than research outcomes and conclusions. We learned:

Historically, architects have been unaware of what to test andtddest for
physiological characteristics. Design evidence would benefiere were greater
understanding of the interactions of physiological and behavioral nespao
environmental stimuli.

Evidence that informs design is most useful when a research hyipothes
approached from a combination of (multiple) perspectives: (1) physalcand
psychological testing (controlled sampling), (2) observation of sd&hhvior
(professional observation, analysis, and interpretation), (3) inquirysancky
(large sampling). While potentially uncorrelated, disparaternmftion can be
overlain and interpretations made that would be of benefit to de&gision
making.

Architectural research would add benefit if the lessons leamaed less explicit
(circumstance specific) and more widely applicable as theyereéb predictive
human responses to environmental stimuli.

Over the long term, trans-disciplinary, Mode 2 research collibosahold more
promise for true exploration and innovation. The trans-disciplinaryepsobas
inherent growing pains, but continuity of effort may be needed to gkibenefit
of the relationships between collaborators.

A research (knowledge development/innovation) culture in architeatilir@ot
flourish without the involvement of clients and academia to lengthmemarizon
of exploration, to encourage the sharing of findings, and to providendaple



rigor to investigative processes. If the full benefit of redeado be realized,
there must be a cumulative, rather than singular, effort on the part of all involved.

Finally, we reaffirm that our goal in undertaking this two-yeesearch effort is not
primarily to become researchers, but to inform and enhanagutigy of design of our
communities.
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EXECUTIVE SUMMARY

This report to the AIA College of Fellows documents the work of 2085 Latrobe
Fellowship team of Chong Partners Architecture,* Kaiser Peema (KP), and the
University of California, Berkeley.

Purpose

As architects, we struggle continually to create designs kel in supporting our
clients’ strategic business objectives. Sometimes thesaeatbetic, and our education
prepares us well for this challenge. In addition, our core capedildgs licensed
professionals must include competence in building technology andteguand project
delivery systems.

However, the idea that built environments are enablers of organizgtieniatmance has
not received the same degree of attention in our universities afesgpomal firms.

Many of us believe that our work can positively affect our cliehéaling, learning,

productivity and other business goals relative to their end users. Sboe try to

measure the impacts of design; others scoff at the notion, conifident intuition and

vision.

The Latrobe team came together based on the belief that thieepives, skills and
experiences of architects in private practice, facilitynplag professionals working
within client organizations, and scholars in university research conties would enrich

an exploration into how to make high value design decisions (“high value” meaning those
decisions that can be demonstrated to improve organizational perfo)madge goals

were to determine what types of information would be usefuli¢ats and designers to
inform the design process and facilitate decision-making, andntterstand which
research methods are most likely to help us predict the outcomes of our work.

What We Did
The report addresses five research endeavors.

Literature Review on Evidence-based Practice:As background, we explored
the state of evidence-based practice in design and other poofessiWe
identified some precedents from other professions that we belgud inform
architects as we challenge ourselves to resolve a point ofabewt the role of
evidence in our work.



Literature Review on Lighting: We conducted literature reviews on lighting
research and specifically the impacts of lighting on health. s Hacame
important background and context for our own experimentation. We hope that
architects reading this report will find the work of others useful in and of itself.

The Natural Experiment. We pursued a research track aimed at using three
existing KP databases as the “tool” for queries about relationahpsg design
attributes, medical outcomes, and patient satisfaction. Becduseeo and
logistical complexity, this became a very large endeavor, andatinebe result is

the creation of a data model (system), described in greatail below, rather
than specific design outcome queries.

The Laboratory Experiment: In addition to the database, we explored a
laboratory experimental approach to test the effects of lighteguencies on
health and cognitive performance. This track’s focus was to expioeously
controlled scientific methods, demonstrate the use of mobile det@emeasure
environmental conditions, and relate physiological responses to design conditions.

Trans-disciplinary Research Lessons Learnedin parallel with all of the above
initiatives, we observed the process itself to make observatidmmat a
collaborations and trans-disciplinary research as they may apfslg creation of

evidence for design in the future.

Evidence-based Practice

The roots of evidence-based practice are widely acknowledged leaftbcare industry,
where a strategy of standardization known as “evidence-basedimeédias emerged
over the past two decades. A core principle of evidence-based mediciltiee
conscientious, explicit, and judicious use of current best evidence imgndg&cisions
about the care of individual patients” (Sackett et al., 1996). Traigeeaof evidence-
based medicine means “integrating individual clinical experienttethe best available
external clinical evidence from systematic research” (&h&k al., 1996). In evidence-
based medicine, the skills and experience of the healthcare prowideneéds and
concerns of the patient, and evidence grounded in rigorous scientifiodo&igy stand
as the three foundational elements of a model for decision-making.

Variations of the evidence-based medicine model for decision-makavg since
migrated to other disciplines, including education, social work, softveagineering,
environmental management, and architecture, to name but a few. Whiextent of
acceptance and implementation of evidence-based practice vadely,va common
motivation for this migration is the oft-cited observation that eurpractices in these
disciplines are unsystematic, overly reliant upon intuition, prone to updligcal
influence, or simply ill-suited to enhancing outcomes.



The underlying objective of evidence-based practice is to enhancenmscby
augmenting practitioner experience and skills with suitable evidelmge specifically,
evidence-based practice is intended to provide practitioners withothe and skills
necessary to (1) access, assess, and adapt existing eviolense fn specific contexts,
and (2) formulate context-specific evidence when existing evidailsdo meet research
standards.

What constitutes evidence, and what determines the strength aliuilityeof data for
use as evidence? The literature demonstrates that definitiengdehce and appropriate
research standards vary across and within disciplines. In evideased medicine, there
have been a number of efforts to codify the strength of evidencésamahiity as a basis
for clinical recommendations. The 2005 Latrobe team acknowledgéddifferent
disciplines have adopted different guidelines and that evidence-basaph adnay not
conform to the medical model. However, there are also poterdgdrie learned from
medicine and other professions that might help architects understndtéhtion of
evidence-based practice and define a consistent, informed model appropriasegior de

What are some of these guiding principles from which we might learn?
There may be a variety of types of evidence.

How “strong” the evidence is, i.e., how powerful it is in terms ofljoteng an
outcome or describing a relationship between two factors (such es”“and
healing”), will depend on the methodology used to create the evidence.

The basic rules of scientific research do apply. Evidence shoulthheé,” i.e., it

should address the topic it is intended to address (and not be aigefleftct
another superfluous condition), and it should be “repeatable,” i.e., we elan fe
fairly sure the results will recur. These seems obvious, butditem do we

jump to a solution based on a single observation rather than a body of knowledge?
As designers, we want answers. But are they the right arfiswé/as it the
“daylight” or the “view” that caused a particular patient resp@ndf we don’t

know, how can we decide about the size, placement, and orientation of windows
beyond merely what feels right?

Taken together, greater control of potentially superfluous factonsistency of
results across subject groups, and a fairly tight range of resgpansong research
subjects increase the value of research data as a predictor.

Careful experimental design, including randomization and control, ircrbas
strength of research results, as do large data sets and systemized me#mdologi
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There is value in commonly accepted definitions and guidelines daticg and
attributing value to knowledge intended to be applied as evidence. Thisahay
be the same for architects and for physicians, but some sharedtanderg and
language allow a profession to move forward with constructive dialoagher
than individual semantic understandings. (We embrace “evidence-besigd,d
but does that mean the same thing to all of us? Not currently.)

Evidence-based practice does not necessarily remove the soul &oteear The
practitioner’s judgment and values, informed by experience, argate A

conscientious pursuit of evidence provides a better informed basisakingn
decisions, but it is not prescriptive.

Context must always be considered.

Lastly, a key consideration in evidence-based practice is commanicat

Architects would not blindly accept technical advice without some combination of

data backup and confidence in the source. Why not have a simifdidalc
standard for assertions about the impact of some aspect of design an hum

response? When evidence is communicated, we must know enough about the

source, the context in which it was developed, and methods used toitteate
make a responsible decision about how seriously to trust that evidedce a
what contexts we might apply it.

Lighting Literature
The first step in narrowing the scope of research was a bradtitdmsciplinary literature
search. Findings were included not only from the environmental désgature that
architects most typically explore, but also from sociologicalclpsipgical, biological
and medical research.

The results of this initial review indicated which of the m#opics of the team’s interest
were most likely to be informed by a rich evidence base. A&sudtrof this exercise, the
team chose to focus on the influence of light on health. (Color, artojhie the team
wished to consider, largely because of its cultural implications, wasalied because of
a weak existing research base, but the team agreed thatalan, aspect of lighting
might still be relevant.) This process was important to develofstigng” evidence
because good research practice considers each research iprtpeccontext of related
studies to reinforce or qualify the findings.

A deeper literature review of the most germane issuesheasconducted. The National
Library of Medicine’s PubMed Medline database provided the richestce of
information, yielding thousands of references that describe theemdé of light on
health-related issues. As the specific experimental desagnrefined, further searches
were conducted to ensure that the Latrobe experiment was builttbada¢hat had been
demonstrated to be valid and reliable.
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The knowledge derived from these incremental, multi-disciplindeyature reviews,
together with “new knowledge” from the Latrobe laboratory expemnintself (both led

by Dr. Eve Edelstein), combine to produce a strong evidence basewhich the
outcomes of the Latrobe project can be judged. Reviews of previoasaesevealed a
pervasive influence of light on health and human function. Perhapsnawennotable,

the literature presents evidence that the quality and quantitghdfshown to influence
human responses is markedly different than the commonly appliechggstandards
designed for visual function. (See LeSourd in the Chapter 2 Appendix; Rea et al., 2006.)

The influence of light on behavior, emotion, function, cognition, and heakhbban

reported in a large body of research that uses either naturédobrical light to alter

physiological and/or mental responses (Edelstein, 2006). Writtendref the study of
biological responses to light dates back at least to the 1800s, wdiesnMnd Linnaeus
recorded plant movement in response to daily lighting changes. €batwin’s work

in the 1900s validated the biological response to light in animals.

A myriad of behavioral, emotional, and physiological responsesws associated with
exposure to electrical lighting, daylight, and solar orientation. fighe has progressed
through multiple generations of study, which include the investigatioendbcrine
changes related to electrical light exposures, such as thefratelatonin in sleep and
wake cycles. Seasonal Affective Disorder is now an accepteeéqumersce of seasonal
lighting and climactic changes, and electrical light therapies leeing actively
investigated at major medical centers and the National Aercsawnd Space
Administration. Epidemiological studies at the University ofiféalia, San Diego,
Harvard University, Brigham & Women's Hospital, and Harvard UsiterNursing
Study have explored the relationship between disrupted light patterns andriskacer

Complex networks of physiological systems form the biological Has¢kese responses
to light. Commonly known is the release of melatonin from centetbe brain that
regulate sleep/activity cycles. Many other cycles andoresgs are affected, including
vasoactive intestinal peptide (VIP), which affects blood presandegrowth hormone.
Light also elicits release of serotonin, dopamine, and GABA in th&,bwhich are
associated with motivation, muscle coordination, and focus. In addition, iBght
associated with increased levels of corticotropin releasing horifl©Re&l) associated
with stress, gastrin releasing peptide (GRP) related toenuagd follicle stimulating
hormone (FSH) related to reproduction. (For review, see Shanahan & Czeisler, 2000.)

Circadian cycles can be modulated by a variety of external tw light is the primary
variable that aligns (or entrains) humans to diurnal, nocturnal, asbrsa rhythms.
Although decades of research have examined the influence of akdighting on
circadian entrainment, it was not until 2001 that a new class lsfwak discovered in
the retina of the eye, thought to be “circadian” receptors #raesslow changes in light
levels, rather than receptors for vision. This discovery renevgs@neh to explore the
spectrum, intensity, and duration of light that influence biological responses.
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Numerous studies have led to the development of “dose response cureésCttical
light that reveal peak sensitivity in the blue wavelength (betwé20-470nm) for
modulations of melatonin suppression that regulates sleepiness. Bhgatlight has
also been demonstrated to be effective in modulating mood, sleep, anty agtles
(Ancoli-Israel et al., 2003).

The range of spectra that influence the multiple circadiatesygsis yet to be fully
explored. Although research has focused on short wavelengths in theabhes a
broader range of spectra is also associated with biologigainess (Revell et al., 2006).
Testing of red light has been uncommon, and many researchers haveddsbat there
is little to no effect of red light on the neuroendocrine oradian systems. However,
Hanifin and colleagues (2005) found that normal healthy humans exposed to &36n
700nm elicited small reductions of plasma melatonin levels. Thesknds are
consistent with other studies that reveal the influence of a \Wwgelength light on
cardiac responses (Schafter & Kratky, 2006).

Biological and medical literature reveals many biologicahctions, diseases and
disorders associated with lighting conditions. Basic scientédgearch has produced
evidence about physiological processes in animals, which servekBeabasis for
discovery about human biological responses to light.

Human studies have disclosed the nature of circadian and circanntiethshiyp normal
subjects. According to these data, cardiac rhythms, stress rieedptiormones, growth
and aging, developmental, cognitive, and emotional responses demonstatkan
rhythms in normal individuals. The evidence base reveals diseasedisorders
associated with disruption of circadian or circannual light conditioRser example,
hypertension may be related to the disruption of normal diurnal conditi©ascer risk
may be associated with light-induced disruption of melatonin productiich is
implicated in the control of cancer growth. Emotional and behavioral dmnupds been
associated with seasonal lighting changes or climatic conditivhere natural solar light
is insufficient to maintain biological rhythms. Finally, therapestudies explore the use
of electrical lighting to modulate circadian responses andiaratd the consequences of
circadian disruption.

The categories below represent a partial list of human responses to light.

Stress, modulation of cortisol/stress hormones

Heart disease and hypertension

Melatonin responses

Sleep/activity/feeding cycles

Cancer

Basal metabolic rate, protein synthesis, and thyroid responses
Growth

Aging responses

Hormone function

Obstetric
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Neonatal responses

Ophthalmic development and health
Hyperbilirubinemia and kernicterus
Long-term visual function in NICU graduates
Gastro-intestinal conditions

Diabetes

Neural immune responses

Inflammation and autoimmune disorders
Brain development and function

Ataxia, neuropathy

Concentration

Alertness

Attention deficit disorder

Working memory

Psychologic and psychiatric conditions
Decreased memory, dementia,

Depression, emotional labiality

Seasonal Affective Disorders

Pain

Perception and self-report of pain and pain management
Medication rates relative to lighting dosage and length stay

The Laboratory Experiment

One of two experimental tracks explored by the team, this laivgrabsed approach
used rigorously designed and controlled conditions to demonstrate Gpawiinges
related to alterations of the environment. Measurement methodslikebgtto yield
statistically valid results were selected based on luszatreviews.  Statistical
significance was achieved by minimizing the complexity oftds environment and by
testing the influence of one environmental change at a time.us@Caelationships
between an environmental change and a person’s response often réaigex aumber
of subjects or study sessions.)

This approach also lent itself to an exploration of ways thatr@dical research might
facilitate the process of experimentation in functioning hospatiings. Clinical studies
often require that a normal study is first conducted in a laboragditing to demonstrate
that the methods used are valid and will “do no harm” to the patiem. rdsults of the
Latrobe laboratory study could now serve that purpose, thereby hé&dpiagn the next

research project with testing in operational clinical environments.

Physiological and cognitive responses to specific light qualiiese analyzed and
interpreted in the context of an extensive literature basaent&ts from Ohio State
University and the University of California assisted in the giesif the experiment and
provided expertise, resources, and analysis of the resultsntiSisidfrom Rensselaer
Polytechnic Institute and the National Institute of Mental Hhegtovided advice,
technical expertise, and resources.
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The Principal Investigator recommended that the experiment @tlight affecting the
circadian system because there exists extensive evidemeefevious research that the
two are related. The experiment examined the influence of Epesipects of light
frequency and physiological responses known to relate to health and performance.

The laboratory experiment explored how architecture might influeasen exposure to
light within built settings, and how varied light levels and speatiight influence health
outcomes. Today, medical research acknowledges that chronic sressmajor
contributor to heart attack, cancer and diabetes. Additionally, todaravable to alter
environmental stimuli, such as lighting, and to measure heart naability and EEG as
key indicators of stress, in this way linking lighting (as one renvnental stimulus),
heart rate variability, stress, and health outcomes. The laboratrlys went beyond a
pilot demonstration, revealing new measurement systems andicahyissignificant
results relating light levels and cardiac health indicators.

Heart rate variability is a sensitive indicator of healtiustaand risk and, as such, is
important to all users of all built spaces. The experiment dhaivat heart rate
activation increased and variability decreased during brigbsxe to bright white light
(with a peak in the blue spectrum) during exposure. These aligteansvith melatonin
studies using longer exposures at night. Yet more interesting ther results that
showed that heart rate responses were highly significantbreiift in red light conditions
than responses in white light, and were associated with situayi@mgtopriate cardiac
activation and relaxation during cognitive tasks. Red light Aedyr been the focus of
circadian research, despite our experience of its role esl@ator of time of day as the
sun sets.

Following the experiment, a team of designers and client m@meEs/es
considered the findings and interpreted how they might apply tgrdesihis

step is inductive, and the team does not intend to imply that thenddgias

have been rigorously tested and validated. (In fact, a desiredvfofio
experiment would be to build the proposed designs and measure impacts.)
However, the interpretive process illuminates how the design proaassome
together with scientific evidence to strengthen the creative process.

Several design charrettes were held to discuss the potentiattimpantroducing
biologically relevant light levels on architecture and design. dRe¢asurements were
conducted using the new measurement systems to determine thdigitteanditions in
occupied and recently completed buildings.

The information obtained was considered in terms of principles tlyktt rguide design
to better serve human conditions. These findings suggest that tharehsmore to
explore about the quality and quantity of light that should be provided to edsupia
built spaces; they challenge us to look beyond the typical arcmaketnd electrical
solutions in order to better meet human biological and psychological needs.
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How did the design team interpret the experimental findings aatedesurvey of the

literature? The following design ideas are conjecture, butirdoemed by specific

research evidence. Ideally, they will form the basis for Hgswss for future research
studies that directly measure the impacts of design interventldogever, in the spirit

of using “best available evidence,” they already pose challelmgssnie conventional
hospital design practices and reinforce others.

Evidence: Circadian Systems Need Darkness as Well as Light

The need for light is well known and discussed, but circadian sysaésusrequire
periods of darkness. In many current hospitals, light intrusion intenpaboms from
outside the building, as well as from corridors and other proximageantspaces, is
often at levels sufficient to disrupt the patient’s circadian rhythms.

Design Interpretation:
Patient rooms must have the ability to be darkened. This includes an ability to control
light intrusion from both outside and inside the building.

Accessible controls should provide patients with the ability to adplst for their
individual needs. A single-touch, programmable control for medicaf $taf
immediately establish optimal lighting for assessment and guoes should be
provided at bedside and/or at clinical stations.

Achieving optimal light level starts outside the building, witheemal shading and
shielding devices. A kinetic skin that adapts to seasonal and diightachanges
(but has manual overrides) may help balance needs for circadiaratig darkness,
view and glare control.

Shades should be installed to effectively seal out light around the window perimeter

Low intensity lighting on the corridor side of the patient rooallsvmay reinforce
pathways for safety while not limiting light pollution into patient rooms.

Evidence: Natural Light Cycles Promote Health; CircadianSystems Need Varied
Light Conditions

Natural daylight can be considered the “gold standard.” Diffefeequencies,
intensities, and dynamic patterns of light exposure are reiateteasurable differences
in biological responses. Constant exposure to a single frequencgvahadf light is not
ideal for normal circadian patterns. Daylight and electrigatihg that emulates natural
diurnal, nocturnal, and seasonal cycles is most likely to suppordigrcaneeds and
health.

Design Interpretation:
Brightness and frequency of light should vary throughout the day. objeetive is
not simply to providamore light, but to provide the appropriate cycle frequency of
light, including light in the range of spectra and intensities: lalné bright white
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spectra (shown to influence melatonin-related sleep/wake ¢yahelsred spectrum,
which influences heart rate variability.

Building footprint should allow for controlled daylight penetration to teatral
nursing stations or team work areas. Care must be taken to aghthbss, glare,
veiling of electronic screens, and thermal change.

Atria and light wells might, but do not necessarily, provide cigffit circadian light
to interior areas. Orientation, floor level, and atrium proportions shmmilthodeled
for circadian light frequency as well as intensity. (The tdm not always
correspond.)

Light shelves may be used to introduce daylight to corridors wiwenedwed light”
to the distributed nursing areas is often blocked by doors, windowicgseand bed
drapes.

Staff should have access to spaces for both darkness and lighe shoeid be a
break room with daylight, as well as a separate on-call room ri@ shfferent
circadian needs, especially for transitioning shift workers.

Atria and light wells might, but do not necessarily, provide cigffit circadian light
to interior areas. Orientation, floor level, and atrium proportions stmmiitiodeled
and tested for circadian light frequency as well as intgngithe two do not always
correspond.)

Light shelves and other devices to increase daylight penetratiobenageded. This
applies to corridors where “borrowed light” to the distributed nursiregs is often
blocked by doors, window coverings, and bed drapes.

For areas where daylight is not feasible or practical (saschmaging rooms),
controlled electrical lighting that can be varied according to, isection, frequency,
intensity, and distribution may provide useful circadian stimulation.

For night shift and swing shift workers, daytime patterns of liglguency variation
should be recreated and provided to the extent feasible whileuglbging patient
needs for darkness and staff needs for visual acuity, safetyeandtg. The use of
white and blue frequency light augmented by task and safgiying may support
staff circadian sleep/wake patterns. Red light in corridors coel@xplored as a
means to support night time monitoring while minimizing circadisee@wake
patterns in patients. White lighting at clinical stations waquriovide for task-related
visual acuity. Individual controls at staff stations are essential.

Localized “light showers” (brief exposure to light that stimegathe melatonin
systems) at distributed desks may provide for needed circadian activation.
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Low level ambient light should be complemented by task lightirvgoak centers for
visual acuity. Bright light should be screened so as not to pématto patient
rooms.

Evidence: Individuals Have Different Light Needs

Lighting needs vary by individual medical condition, visual acuity, guegfce, and
culture. An individual’'s history of light exposure (over several hodesis, weeks)

influences his or her need for circadian light. Swing and espeaigiht shift workers

may suffer from stress responses due to misalignment of dleeip/wake cycles and
natural daylight and darkness.

Design Interpretation:
- Lighting controls are as important as lighting. Patient andlyaare often most
likely to make preferred adjustments, but they may not know what light is lesalthi

The ideal system would combine computerized control to provide destoiata€eian
light (that the patient or staff may not choose) and overrides to adapt to preserence

Patient controls must be accessible and easy to use, and shouldcatival of
electric light as well as window coverings.

Cultural preferences may have a great influence on color choRasent control of
color through LED lighting may provide a sense of control and albdigasily adapt
the environment as the needs and preferences of occupants change.

Special lighting needs should be considered when setting such. Idvet example,
elder patients are more likely to need greater light lebelsmay be more disturbed
by glare and reflection.

The KP Integrated Data Model (IDM)

Much of the existing research about the influence of environmentalrdsaon people is
based on small studies. As is the case with the Latrobe tabomxperiment, very
carefully controlled methods may enhance the significance of fiaddegived from
small samples. Such experiments sometimes provide strong evitleicean be
generalized, especially when interpreted in the context of other validalesea

Large sample size is another means to contribute significamteelevance to research
findings. Large samples are one way to diminish the impactsatofailly occurring
variations that are difficult to control in complex environments, eagilities. In
addition, large scale studies have other appealing aspeasrfmrate decision-making.
Executives with decision authority are accustomed to benchmarkitigother large
survey type research. KP confirmed that their leadership was likely to be swayed
by a large volume of data than by a small sample. The tramsl&abm lab to
construction program could be a difficult hurdle.
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“Natural experiments” are not designed by scientists insdree manner as laboratory
experiments, but through systematic observation and analysis oflhatoiccurring
events they yield scientific data. KP’s huge data resourees ientified as rich targets
for this approach.

The team was intrigued by the potential of a large-scale,ataxperiment that would
mine data about KP facilities and patients to seek relationbkipgeen physical design
characteristics and patient experience. Envisioned was an ietbgilatabase with
attributes of 30 hospitals (totaling over 60 million square feet) amdaps 100,000
patient stays (cumulative over time).

As the owner of both hospital facilities and patient data, KP toole#tkin this track of
the Latrobe work. The process involved many KP groups for support ane aolvid¢wo
departments, Service Quality Research and National FaciBgegces, collaborated to
bring together three data sets—CAFM, HCAHPS and KP HealthConnect.

KP’s CAFM system includes information about the physical enwemt at room,
building, and location scales. In addition to existing data that KRnetytcaptures
through CAFM, such as room area, other physical attributes can be. aéfde a pilot
test of the KP IDM, the team added compass point orientation.

The Hospital Consumer Assessment of Healthcare Providers aremSy@HCAHPS)
survey gathers patient satisfaction information, addressing patiperience and social
environment. Among these are communication with clinical providers,f staf
responsiveness, pain control, and environmental cleanliness and quiet. r&mwog
data, including age, gender, ethnicity and “other,” is also collectede HCAHPS
program is sponsored by the Center for Medicare and Medicaid Se(@MS), and the
development of the standardized survey instrument is guided by thecyAder
Healthcare Research and Quality, working with a public/private consortium.

Patient and staff satisfaction are of great importance toynfealthcare client
organizations (as user satisfaction ratings are for many tyghes of organizations), and
there is extensive research attempting to link satisfactipert@rmance measures. The
Latrobe team was particularly interested in patient respobsgend satisfaction,
specifically physiological outcomes. Patient length of ssag particularly powerful
measure because it is an important indicator of healing, commonlyarezhby hospital
administrators, and relates to cost and revenue. The KP HealtiEmaesystemwide,
integrated, inpatient medical records system. It is, therefbe critical third component
of the KP IDM that permits correlation of physical design datam CAFM) with the
medical history of the patients.

Different numbering systems initially prevented directhatielg the three databases, but,
through physical surveying and database refinements, fields adeted that allow
correspondences by room to be defined. The result is a model ahaanalyze
relationships among room design attributes, the medical recottds ptople occupying
the room, and a given person’s satisfaction with his/her experiendbat room.
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Demographic and medical data allow deeper analysis for medicatioorahd people of
different age, gender, etc.

Bringing together three formerly disconnected databases allegigndinterventions to
be conducted in which targeted environmental characteristics caro@i@ed and the
resulting medical responses and patient perceptions assessdgseAnd existing room
attributes can also be conducted in a controlled manner to detewniakatons of room
attributes with medical and satisfaction measures.

The KP IDM has promise as a landmark tool for healthcare rse&8ecause of both its
size and the breadth of data types, e.g., medical records aridctatissurveys, it can
now be related to physical design attributes. Beyond creatinglatee model, KP’s
contribution to the Latrobe is its stated intention to share the results akcteseaducted
using the tool. A consortium of healthcare providers, professional a$sosja
consultants, and universities is expected to advance the actual tee IDM through

research queries.

The Latrobe Research Model

A primary goal of the 2005 Latrobe Project was to learn aboubehefits of a specific
approach to research in architectural practice. The obserdtibe model was carried
out to document this process and was treated as its owncaleseak within the Latrobe
Project (LP).

All team members contributed to this effort through group meetneg®erts, and special
submittals about lessons learned, the value of the two research dyg;ohow each
track might affect evidence-based design, and conclusions abouthehabitk means in
terms of design performance and design practice.

W. Mike Martin, Ph.D. (UC Berkeley) was the Principal Invesbgdor this work. The
following is an abstract of these components of the process trduk. d€tailed
documentation of the process and model development is provided in Chapter 3.

At the core of this model is the agenda of knowledge productiondieteto address
everyday challenges in people’s lives, business, education, etc. logehwhose intent
is to make research more accountable to the people it serves.armature of this
approach was grounded in what was referenced as Mode 2 Research (M2R).

As a starting point, the Latrobe Project Team (LPT) abréeat existing cultural
practices, procedures, language, and other mores divide the walgipgaatchitects,
academic researchers, and clients approach knowledge production angkememia
These differences in approach are presented in Chapter 1 of this bepare repeated
here to help frame the context of the research process:

Architects have valuable experience, technical knowledge, and crekillse
However, in the realm of human responses to the physical environnaritieets
too often turn to intuition, personal experience, precedent, and aneeddehce
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rather than methodologically rigorous research findings. Tengby perpetuate
conventional wisdom and fail to provide their clients with the infoionathey
need to make design decisions that best support their end users.

Because experts in research methodology are focused on qualifitatough
scholarly peer review, university research communities possessitical
understanding of scientific protocols that enrich the body of knowladgiable
for design application. University researchers, however, alfigrount research
conducted outside academia and work within their discipline in isol#toon
both architects and their clients—the very people who need to utikzeesearch
results. Consequently, many researchers pursue topics of schiolargst but
with limited potential value in actual design application.

Some people with responsibilities for in-house facilities, re&tesand capital
planning in client organizations believe that design has the poveshiance their
core businesses, but they lack access to the “evidence” theyorrae#té credible
business cases. Unable to find the compelling data they requesgrated in
terms of relevant econometric and other performance measures, clieme
organizations are conducting their own research, the quality of whicbsva
greatly, depending on the skills of individual researchers.

In an effort to illustrate the underpinning issues and valuesatiased the team'’s efforts
and to demonstrate the nature of the struggle involved in constribgnmodel, the

following is a set of observations about the process of LP intenactiEach of the items
listed represents a significant aspect of the research erperi The intent is to provide
an overview of the work setting of the process over time amdefthe workings of the

model.

Navigating disciplinary boundaries. To what extent did the team cross
boundaries and approach the LP in a truly integrated fashion? Teaigidary
research and what that might mean in our context is stilb@en question.
Because all of the principal investigators of the LP sharbdliaf in the basic
scientific model of research (whether social, organizationalbiological),
communication was fairly straightforward. What makes this work
interdisciplinary is that the independent variable is design, hadotitcome
variables are physical, social, and organizational.

New ways of knowing. This project created new knowledge, i.e., the results of
the lab experiment, and created knowledge about a “new” way of knoiang
the research model itself and the KP IDM.

Agreements are central to progress.This was an iterative process. Whatever
agreements were made along the way positioned challenges and ietfoduc
change at every step in the process.
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Implicit vs. explicit knowledge. Architectural education and practice center on
“problem resolution.” In this context, knowledge tends to be “problermifsge
and thus not seen as directly applicable to the subsequent problem.eaghth
project viewed as being dependent on the specific context of iteapm, it is
only after many years of practice that a body of knowledgelergeloped
experientially. Additionally, the process of developing knowledgedsimdant
for the individual and difficult to transfer to others within or outsite
profession. Given this culture, it is challenging to conduct rekefor the
purpose of creating multiple forms of evidence and, more spelyifitalpractice
evidence-based design.

Language is central to understanding. The search was for trans- or
interdisciplinary (scientific) processes that provided insight hdev knowledge
is acquired, that added to a practitioner’'s typical problem résolyirocess
(context of specific application), and that enhanced predictabilipedbrmance.
In this case, outcomes were not clear due to language bathatr existed
between designers and researcher. Thus, lack of a commamadggrocesses,
and protocols made this process slow, difficult, and problematic.

Knowledge always in context.Knowledge produced in context is not new, but it
is how context is defined that creates the challenge. The assumptionthatefis
the knowledge is to be accepted, the parties with a vested interebkttegts,
clients and researchers—must socially construct it.

Tension between agendas of playersThere was tension between the LPT as to
what the real opportunities and most important research wasediatihe project
stakeholders—clients, researchers, designers, regulators, etc.

Outcomes to serve the majority. “Clinical research” is in many ways the
healthcare equivalent of “research in context.” It must addinessiany complex

factors that define each individual patient’s condition and his/heuanneeds

and values, while also investigating specific questions direciedrd creating

applications that serve to improve outcomes for the majority of peapde

circumstances.

Horizontal consensus building. The Latrobe proposal initially presented its
members with a highly uncertain task. The meetings and interacivens
organized to reduce that uncertainty, that is, to define the rbsgaestion, to
mobilize resources, and to develop a structure and a set of opgratoegses to
facilitate the task based on a horizontal organizational steuctline challenge in
the process was to reach agreement through consensus. The twoetdncurr
tracks represent a resolution of the process of consensus decision-making.

Survival in uncertainty. M2R research, as noted, guarantees high uncertainty.
The ability of a group of people to survive this ambiguity waslehgéd often in
the process. The determination of the quality of the outcomes aéxpesience
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of working together will be in the acceptance by appropriate greemps of the
evidence presented in this report.

Commitments unquestionable. The commitment of this team to the project was
unquestionable. As noted, the struggles experienced were abouadengu
definitions, roles, outcomes, and resources. Research in contdxtdiveétrse
disciplinary representation and a lack of a tradition, made dayytacteons and
activities appear fuzzy, but in the big picture significant pregneas made in
achieving goals. Having gone through the learning process of undertaki
research in a M2R model, it is important that there be a IGagar multiple
research agenda established. The future of architectural pragticbe about
knowledge application and production, confirming that the transdisciplinary
approach of M2R would work well for a firm committed to a
Practice/Research/Teaching model.

Summary of Findings

The LP has provided an opportunity to explore an aspect of the futurehiteetural
practice that is critical to formalizing the format and miigens of the architectural
profession’s mission. It is clear that the future of the pradasss grounded in
knowledge management: what do we know; how do we know it; and how do we renew
that knowledge in the fast changing world of practice?

As noted earlier, the LP was structured around two commitmentisetcCollege of
Fellows of the American Institute of Architects: first, andisciplined manner, to
observe, assess, refine, and document the approaches used tderszgedrch in order
to allow the architectural profession to learn from it and appdydutcome in future
architectural practice settings (The Model); and, second, to coadpitot study in a
healthcare context to yield immediately applicable data andetrtict and test the
model (The Pilot).

In its simplest form, the two pilot projects were conducted madittonal form, Mode 1
Research (M1R) application of the scientific method, but were neddit reflect three
primary differences. First, the nature of the research questiorgs defined in the
context of application by the three partners to the LP. Itagased that, when possible,
additional disciplinary representation would be brought to the projeceeded and,
second, that the measure of the quality of the outcomes, in additibie disciplinary
standards, would be judged by their capacity to represent em@vicknce that could
inform an evidence-based practice process.

The outcomes of each of the two pilot projects resulted in findingsdmaead to future
application. The Integrated Database Model (IDM) provides a framkevor future
research using the IDM to inform specific research questiona aample scale
unprecedented in either healthcare or architectural settings.Lalboratory Experiment
provided empirical evidence for various human responses and performlasesed
when physiological measures, such as heart rate variabilityussee under diverse
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lighting conditions. Outcomes are presented along with a strategested for future
use and human performance metrics that imply the need for futpleraions in real
design settings.

The outcomes represent a starting point for future researdr than a final conclusion
or concrete evidence for informing evidence-based practice. Th#semes make a
strong case for the capacity to create empirical evidencaféom evidence-based
practice if further research efforts engage the IDM and/owyahpl methodologies of the
physiological measures in actual healthcare settings. Thestegs must be grounded in
the identification of the metrics for establishing a set ofspay attributes of spaces
which house human services where human performance can be or igedea3he
natural and laboratory experiment arguments suggest (a) the [iysfibiestablishing a
robust field of empirical evidence that could inform the outcomes of architeptardice
specifically focused on healthcare environments, and (b) thae tpescesses and
methods are transportable to other environmental facility types and settings.

In terms of the model, it can be said that the concept of collab®ragearch is a critical
form of inquiry that should be pursued in the discipline and professiorchitesture.
Did the LP deliver “a model”?Perhaps not, but it did apply the structure and conditions
of M2R, providing an important framework for structuring LP outcomdsis safe to
recommend the framework of the five defining elements of the Ma@&ehmas important
to collaborative research. They are: 1) research should be @ehéraa context of
application; 2) research should be trans-disciplinary; 3) measdirgsality should be
socially constructed; 4) the effort should be conducted across vakinmsledge
organizations and sites; and 5) the process should be reflexive. ddredigons are
concurrent with the needs of architectural practice to mergeutmmmes of research
with design actionability, where design results and the degreeustf in empirical
evidence establish an evidence-based design methodology.

It is well understood that our future in architectural practidebe highly influenced by
evidence-based practice. It is important to recognize that rmedeomes in many
forms—from personal experience (intuition), to best practicesgtyaus scientifically
established findings. As such, evidence for use in architectuigeraoes not need to
be all in one form or another; rather, as in medicine, practicé usesevidence from as
many sources as possible to predict the nature of the outcomecdicsaetions. The
critical issue here is not the evidence itself, but the transpa@ the evidence so that
others can judge and understand the impacts and influences oicsfeerit of evidence
on performance.

The LP has contributed to this dialogue concerning knowledge prodyetimience) and
its management (evidence-based practice). It reflects aiaeeginning than an end,
but an important beginning. The partnership and resulting collaborao® exposed
numerous issues about the nature of research in practice sattthgee conflicts and
opportunities in this form of working. But, most importantly, they pradideree
important starting points for future work. First, the two pilot prtge-the Natural
Experiment and Laboratory Experiment—contributed fertile arenasufare research
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and a model for conducting research in practice that appeawptover the needs of the
professions and the research community. Yes, there still is wobketdone, but a
direction has been established and, if pursued, will result in significant results.
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INTRODUCTION

Robert Brandt and Steven Doctors

Hypothesis

Credible, applicable “evidence” of relationships between design at oliganizational
performance will result from 1) a collaborative approach thatesrihe perspectives,
skills, and resources of architectural firm, university reseaoamunity, and client; and
2) use of both scientific research methods and inductive reasoning.

Abstract

There is a movement within architectural practice to informsimts about design with
evidence about the impacts of physical environments on human response and
organizational performance. The information currently availableeigders varies
greatly in terms of its relevance to design practitioners aaddliability of the data in
terms of predicting the outcomes of design choices. In large Ipaitt, of these
shortcomings result from the manner in which research quergeesledined and the
quality of the methodology used to conduct the research. To advance d¢heepod
evidence-based design, the 2005 Latrobe team explored several apptoaswedoping
knowledge that would be valuable to designers and their clients, aasaadifensible in
terms of research methodology.

The work builds upon the perspectives of client/end user, universityecesganmunity,
and architectural firm, and it uses methods derived from the bebhbksiwd bio-medical
sciences. Pilot studies relating health outcomes to designoeatkicted as a way to
observe the research model in practice. Literature reviewsmefl and augmented
original findings about health outcomes related to physical environm@ohclusions
addressed the various research approaches that were utilizetingesuan assessment
of the potential of each to enhance design decision-making.

Background

In 2004, Chong Partners Architecture approached Kaiser Permafkdteand the

University of California, Berkeley, with the prospect of pursuthg 2005 Latrobe
Fellowship, a grant sponsored by the College of Fellows of therisan Institute of
Architects (AIA) for research to advance the practice of techire. The three
organizations agreed to form a team to pursue a common interbst development of
evidence about the impacts of design on performance, specifically health asiindinie

case, and the application of that knowledge to enhance design decisions.

The team’s premise was that cultural mores persist that dihideway practicing
architects, academics, and clients approach knowledge creation aagemeent. These
differences can be summarized as follows:

1. Architects have valuable experience, technical knowledge, arativereskills.
However, in the realm of human response to environment, architects éadwf to
intuition, personal experience, precedent and anecdote, rather than nugluadlyl
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rigorous research. When architects fail to consider the hedhlle data, they
perpetuate conventional wisdom, miss opportunities to innovate, and fadwioler
their clients with the information they need to back up designidasishat would
best support their stakeholders and business objectives.

2. Expert in research methodology and focused on qualification thraungiasly peer
review, university research communities have skills that could enlthadevel of
knowledge about design outcomes. Indeed, there is credible desigrchetged
utilizes scientific protocols. However, university researchersd tto discount
research performed outside academia. Environmental design respaudifically is
often conducted in isolation from architects and their clients-péople who need to
utilize the research results. Consequently, many researcheug pojpgcs of scholarly
interest, but with limited potential value in actual design appdicat Moreover,
research that could be of use in actual design applicatiankisi@rically not been
readily available to the architectural community.

3. Some people with responsibilities for facilities, real estated capital planning
within client organizations believe that design has the powenharee their core
business. However, despite their beliefs, they lack access ttevtltence” they
would need to make credible business cases to that effect. Natgfiodmpelling
econometric and defensible performance metrics coming fromahahirtects, trade
journals, and other available resources, some of these clients tbhaved to
conducting their own research. These endeavors vary greajlyality, depending
on the skills of individual researchers.

The 2005 Latrobe team proposed that, despite their differences, thetdkekolders—
practicing architects, the clients they serve, and universisgarch communities—
together have the perspectives, skills, and resources to enrich thstamdieg of ways
that design influences people in the places that architecasecrelf this premise is
correct, there is an opportunity to significantly improve the contobutihat architects
make to their clients by increasing the architect's abild predict how people in
different circumstances will respond to specific aspects of physicabements.

The team’s shared belief at the outset was that mangrdpsafessionals want to be able
to predict how “end users,” e.g., patients, their families, and alistaff, in the case of
hospital environments, will be affected by design, including footpriigrg lighting,
occupancy, room spatial configuration, furnishings, acoustic treatmants other
physical attributes. The experience and intuitive understandinghedet design
professionals certainly provide insights, and there is a bodyteshtlire comprising
people’s opinions about design and its outcomes. However, an approadigto ttat
utilizes both professional experience and scientific evidence ceadidtd better informed
choices, ones that would also be compelling to clients.

The team also knew that each party had experience, skills, amdodabntribute that
might collectively be more powerful than those held by any one itoerst The
guestion was how to come together. What types of information woulddehé most
predictable results? How might diverse skills, especially watgard to research and
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problem solving, complement each other to produce relevant, reliablejedewisible
knowledge for design decision-making? Architects need to know what to build, informed
by empirical data, not conjecture, and be able to support theiriasgsesbout design
impacts in order to garner client approval to implement the refisttive, creative
design strategies.

Approach
The 2005 Latrobe research proposal framed a research model with three mandates

Utilize scientific methods from the behavioral sciences and neurosciemneell as
as the inductive reasoning of the architectural design process

Seek psychological, sociological, and physiological responses to desigmisleme

Bring together a practicing architectural firm, a universityaese community,
and a leading healthcare provider in a collaborative process designetéotigl
skills and knowledge of all three.

The research proposal comprised two concurrent focal points:

In a disciplined manner, observe, assess, refine and document the approaches used
to create the research, in order to allow the profession to leanm those
processes for potential future applications. (The Model)

Conduct a pilot study in a healthcare context to yield immediaggblicable data
and to refine the model. (The Pilot)

In the Summer of 2005, the team began the work by refining thet iotehe research
and the manner in which the team would proceed. In general thness questions were
posed:

1. What are the characteristics of “evidence for design”wmatld satisfy architects and
clients? Not at all a theoretical question, this query wadetet define the team’s
intended “deliverable.” Success, in a sense, would be measureddugcipg some
findings, whether positive or negative, about which all constituents sayld'| trust
that information enough to use it to inform a significant design decision.”

2. How might each member of this diverse team contribute to the apewaeht of
powerful design evidence? As with the question about deliverablespribisvas
about translating theory to action—our belief that collaboration wékefeo a work
plan with defined roles and methods that would utilize our differ&ils sand
experiences.

3. What will we study as our pilot topic? To be applicable, the togeded to be
something that the client thought was important, that would actadibct the
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architect’s design, and that wasn’t already fully explorechbyrésearch community.
In short, the team was defining “How might we affect change in real apptiea

Defining the Research Outcome (“What is credible edence?”)

Value

“Today's design and construction environment is extraordinarily complex. €lleante

to make an increasing number of decisions that have lasting impact on both their
operations and communities. For architects to be of increasing value, wee thav
opportunity to move beyond intuition and to provide rigorously developed evidieoce
predictive relationships between design and human response. Our cliengaiwithe

most value from the design process if we inform decisions with btredi
(scientific) research.”

...Gordon Chong, FAIA, Project Director, 2005 Latrobe Fellowship

Evidence-based practice is the context for the 2005 Latrobercbhsedhe goal is not
knowledge for knowledge’s sake, but rather to add value through desitgyistsain
actual practice. For architects, the opportunity is to add sulestantong-standing
assertions that the environments they create affect healimginigaproductivity, sales,
and other goals of their clients. If the profession convincinginahstrates these
tangible benefits, it might be assumed that the perception ofatlbe of architecture
would evolve as well toward design as a business performance enabler.

Similarly, architects’ clients have a great deal to gaamfrunderstanding the potential
impacts of design approaches on the end users. Reliable peréerraahancement
indicators would facilitate the client’s ability to make sound mess choices and to
demonstrate a responsible business case for those decisions., teallgta would link
environment to outcome and outcome to financial metrics. Convensehg absence of
credible evidence, especially indicators of measurable impdieists might be put in the
unenviable position of having to make decisions with significant constnuetnd
operational costs based on conjecture.

Because the 2005 Latrobe team’s intention was to serve these dual epuigdos
practitioners and their clients, the team agreed that thercaseaeded to occur in a
context of application. The questions needed to address a clieni eabcerns. The
data produced through the research needed to inform actual desigions, and they
had to withstand the scrutiny of decision makers so they wouldlbcbe implemented.

In fact, every aspect of the research plan might be affdgtdte notion of producing

evidence for use in real practice.
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This is fundamentally different from applied research developedoiation from an
application context and later tested in the field. The approadied@05 Latrobe team
was to consider applicability while framing the research planexmécted outcomes.
What questions matter the most to the client? What types ofnaata be sufficiently
convincing to decision makers to affect their choices? Would the iafa@m be
meaningful to a designer, given the complexity of physical environments?

The team determined that it needed an operating definition of “evidemgriide the
research activities toward a useful result. A literatusgcteon evidence-base practice
was conducted, led by Steven I. Doctors, a Ph.D. candidate atriversity of
California, Berkeley, and supported by several other team memfdrs review was
used by the team to inform the operating definition of “evidencel iafluence the
research plan with precedents derived from various professions.

Evidence-based Practice Literature Review

In the broadest context, evidence-based practice may be seepnsistent with
tendencies in our information-based society toward the production of édgevliin a
trans-disciplinary, socially-relevant context. Its immediateots are widely
acknowledged to be in the healthcare industry, where a stratsggnofardization known
as “evidence-based medicine” has emerged over the past two decades.

A core principle of evidence-based medicine, as one of its prinpieglonents has
written, is “the conscientious, explicit, and judicious use of curbmst evidence in
making decisions about the care of individual patients. The practieeidgnce-based
medicine means integrating individual clinical experience withotst available external
clinical evidence from systematic research” (Sackett et1896). While the use of
scientifically-generated evidence in healthcare is not a novekepbfiom a historical
perspective, the scale and scope of its significance in treaind intervention decisions
is new (Timmermans and Angell, 2001). In evidence-based medicineskilte and
experience of the healthcare provider, the needs and concerns of ¢h¢, paitil evidence
grounded in rigorous scientific methodology stand as the three foundatiements of a
model for decision-making.

Art & Science

“Evidence-based medicine provides a structure for considering a weakhostledge,
from rigorously controlled experiments to experiential wisdom. AR, stugalues both
the art and science of medicine. In a similar manner, evidence-basgph dbsuld
incorporate both the art and science of architecture, using rigorous quantigatislence
to inform and support intuitive design creations.”

...Eve Edelstein, Ph.D., 2005 Latrobe Fellowship Principal Investigator
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Variations of the evidence-based medicine model for decision-makavg since
migrated to other disciplines, including education, social work, scétveagineering,
environmental management, and architecture, to name but a few. Whiextent of
acceptance and implementation of evidence-based practice vadely,va common
motivation for this migration is the oft-cited observation that eurpractices in these
disciplines are unsystematic, overly reliant upon intuition, prone to updlgcal
influence, or simply ill-suited to enhancing outcomes. That said, the underlyirugivdje
of evidence-based practice is the enhancement of outcomes byrangnpeactitioner
experience and skills with suitable evidence. More specificaiglence-based practice
is intended to provide practitioners with the tools and skills necessary 1egsaassess,
and adapt existing evidence for use in specific contexts, and f@ynmlate context-
specific evidence when existing evidence fails to meet research stendar

Importance of Quantification

“We hope to have sufficiently accurate parameters such that we can quhstifypact

of different environmental conditions on important patient outcomes. Quagtifye

impacts will make it easier for designers and operations professiamalsobse among
competing objectives and to evaluate cost/benefit tradeoffs.”

...Rob Mangel, Ph.D., 2005 Latrobe Principal Investigator

What constitutes evidence and what determines the strength anlbilityedf data for
use as evidence? The literature demonstrates that definitiengdehce and appropriate
research standards vary across and within disciplines. A propareexifience-based
practice in software engineering, for instance, suggestdiatp multiple types of
evidence—tangible, testimonial, equivocal, missing, and accepted—factsonstruct
arguments for decision-making and action (Pfleeger, 2005). By corgrapbnents of
evidence-based practice in education emphasize “rigorous, syistearad objective
methods” to generate evidence from randomized experiments, considerégolthe
standard” of scientific research (Dirkx, 2006). The United Stdbepartment of
Education defines “strong” evidence as “well-designed and impletemndomized
controlled trials” held in two or more school settings (Whitehurst, 2008)et another
approach, the definitions of evidence and rigor in librarianship move al@ogitinuum
from quantitative to qualitative methods subject to the nature dedlaree of the
research project (Eldredge, 2006).

In evidence-based medicine, there have been a number of efforts fpthedstrength of
evidence and its quality as a basis for clinical recommendatibms.2005 Latrobe team
acknowledged that different disciplines have adopted different guideéinds that
evidence-based design might well not conform to the medical modelewdowthe
availability of information on evidence-based medicine provided an opportianitye
team to consider that model in the research design.
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The Oxford Centre for Evidence-based Medicine (CEM) has defiogd “levels of
evidence” and “grades of recommendation” (Phillips et al., 2001). In bniege include
variations depending on application, e.g., prognosis, diagnosis, and economic and
decision analysis, but there is general consistency across uses.

Level 1 studies = Randomized controlled trials

Level 2 studies = Cohort studies

Level 3 studies = Case-control studies

Level 4 studies = Case-series and poor quality cohort and case-control studies

Level 5 studies = Expert opinion without explicit critical appadi or based on
physiology, bench research or “first principles”

Within Levels 1-3, there are sub-levels, with systematic reviews inaaehoutweighing
individual studies. Homogenous results, i.e., those without “worrisonn&ivas in the

directions and degrees of results between individual studies,” watieh of the five
levels rank higher than studies with high levels of heterogen&imilarly, results with

narrow confidence intervals (a statistical indicator of reliighiare considered more
compelling than those with wide confidence intervals.

How a clinician might apply the results of various levels is tte@tegorized by the CEM
as “Grades of Recommendation,” as follows:

A - Consistent level 1 studies

B - Consistent level 2 or 3 studies or extrapolations from level 1 studies

C - Level 4 studies or extrapolations from level 2 or 3 studies

D - Level 5 evidence or troublingly inconsistent or inconclusive studies of any level

Taken together, greater control of potentially superfluous faatorssistency of results
across the subjects, and a fairly tight range of responsesgathe research subjects
increase the value that the research data have as a pretfideyy.terms, after reviewing
the evidence and considering its relevance to a specific contestifipreers should be
able to say, “We feel reasonably sure we know what were nieggand not just seeing
the effects of some other factor altogether), and we’retaljpeedict with a decent level
of probability under what conditions and to which people the results wglya
However, information that is less strong can also serve as egitbemhevould be applied
much more cautiously as part of a recommendation in practice.

The American Medical Association (AMA) published a serie@bf'user guides to the
medical literature” from 1992-2000. The guides address specifitsding the AMA’s
version of a hierarchy of strength of evidence and tools for moving faom
understanding of research to a system of synthesizing and apghangedge in the
value-laden context of clinical practice.
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The AMA guides specify the following “hierarchy of strengthevidence for treatment
decisions.” They correspond roughly, but are not identical to, the CEM system.

N of 1 randomized trial

Systematic reviews of randomized trials

Single randomized trial

Systematic review of observational studies addressing patient-importantnestc
Physiologic studies

Unsystematic clinical observations

“This hierarchy is not absolute. If treatment effectssafficiently large and consistent,
for example, observational studies may provide more compelling evideanemost
RCTs” (Guyatt et al., 2000). In addition, as per Guyatt et atn eveak evidence can
have value. “The unsystematic observations of the individual cimictastitute one
source of evidence, and physiologic experiments another. Unsysteciatical
observations are limited by small sample size and, more impgrtagt limitations in
human processes of making interferences (Nisbett). Predictiomst @ntervention
effects on clinically important outcomes from physiologic experits are usually right
but occasionally disastrously wrong.” Given these limitatiohs, hierarchy becomes
important, but the clinician’s judgment is paramount. The medicatipoaer must use
experience and professional judgment to determine if a reseescit that can be
predictive in one context should be generalized to other patientgartinthis involves
consideration of how societal and personal values affect deciseymd the research
evidence itself.

At the outset, the guides provided the 2005 Latrobe team with some atimnnthat was
useful in defining what constitutes valuable knowledge for use in evidessst design.
Notable is the premise that “any empirical observation aboutgparent relationship
between events constitutes potential evidence.”

Although not identical, there are many similarities amonggdineelines of the CMG,
those of the American Medical Association, and others. Writindperdournal of the
American Medical AssociatiofJAMA), Janet Torpy, MD, claims that “systematic
reviews of the medical literature, large randomized controllel$ tfthe best way we can
assess the efficacy of a treatment), and large prospective studiesdtblipvover time)
... can be very helpful in providing evidence about tests and treatniReports of the
experiences of individual patients or small groups usually provideelgadence, although
they may provide important clues about possible adverse effeatsatihents” (Torpy,
2006). Therefore, despite differences, the various guidelines used imeasddased
medicine credit value to controlled research, volume, and consistatileeesults. As
Dr. Torpy states, there is some consistency in the qualities opedmn practice
guidelines, namely controls in the methodologies to ensure validity and rgfiabili
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Design research poses similar challenges for practisonérevidence-based design.
Research sample sizes are often small. Circumstancesesyespecific, making
generalization potentially difficult. Even research that irgf from a research
standpoint may be hard to apply in the complex context of desigsiatesi which
intrinsically consider numerous intersecting physical elemeagswell as functional,
political, financial, cultural and regulatory influences.

The EBM guides suggest that computer technology may help medic#itipners
consider “a whole process of care rather than a focused clinicgtiaque Rather than
‘What is the impact of digoxin on my CHF patient’s longeviti® clinician may ask,
‘Can | prolong my patient’s life?’ or even, ‘How can | optimibe management of my
CHF patient?”” (Guyatt et al., 2000). Perhaps this is alesson learned for evidence-
based design practice: to most effectively make optimal dedégisions, we need
systems of information, integrating various influences, rather than bitseof dat

A System for Knowledge Development

“Building a body of credible evidence and then applying this knowledge intgdayer
practice is important to our organization. Preliminary discussions with omgional
decision makers indicate that the ideal type of evidence is a body ofekigewand
evidence across time and across populations, and guidelines for EBD shaultki the
ability to replicate similar findings across time and population”

...Barbara Denton, 2005 Team Leader, Kaiser Permanente

In very practical terms, the 2005 Latrobe team was able tcatalg from the review of
evidence-based medicine that all information may be considered nvakimg design
decisions, but it is important for designers to seek the most climgpedsults produced
using the most compelling research methods. Specifically, wakésresearch results
compelling became a formative influence over the team’sareseplan, as discussed
later in this report. However, there was team consensus, stidistd by the evidence-
based medicine model, that quality standards relative to reseagtiodology for
evidence-based design were needed and possible. Although anycelhghservation
about the apparent relationship between events constitutes potentiahceyide
unsystematic observation, commonly cited as evidence in designcpragbuld carry
little weight.

Defining widely understood and accepted guidelines to assesstistoérayidence is but
one challenge to the implementation of evidence-based practideer Gtallenges the
Latrobe team has identified in its literature search include sedmnt by researchers
and practitioners; concerns about the role of professional judgmentxpedeace;
availability of repositories for the collection, assessment, arsgmisation of evidence;
practitioner resistance to change; and variable incentives for evidased-practice.
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On this last point, the impetus for evidence-based practice \wmswhat for each
discipline. In the field of education, it is clear from therbiture review that evidence-
based practice is driven in great measure by the federalhild Left Behind Act of
2001, which specifically mandates accountability in the draftingimpiementation of
educational standards through “scientifically-based researckiént#ically-based
research is defined by federal regulations as the applicatiogasbus, systematic, and
objective procedures and the employment of systematic empmetiods based on
observation or experiment (Berends, 2002). Similarly, in the fieldneirenmental
management, the promotion of evidence-based practice is responsaves tmandating
that environmental regulations be formulated in a “transparent aegrated” fashion
(Galloway, 2006). In software engineering, the push for evidbased practice is
linked by one author to the promotion of the discipline as a sciendewdh it the
responsibility for empirically-based engineering leading tatdvedecision making and
higher-quality software products and processes” (Pfleeger, 2005).

An often cited, concern about evidence-based medicine is that it ¢énedesportance of
a clinician’s judgment (or undermines the importance of expsg)enOpponents to the
evidence-based practice movement emphasize risks inherent in notamdiagstontext
(often complex) and patient values. Advocates counter that thd istéto integrate
clinical expertise with the best external evidence” (Sackketl.). Sackett et al. also
refute that “everybody is already doing it” with claims efriking variations in both the
integration of patient values into our clinical behavior and in thesraith which
clinicians provide interventions to their patients.”

Communication

“Architects are trained to think critically about building form andheology, but few of

us have learned how to evaluate research about human response to design. td-or us
practice evidence-based design, scientific research needs to benmoaeeaccessible,
and it must be communicated so that we can assess its validity. \Wdemasd that
claims of evidence are backed up by an explanation of their sources—hoegd¢hech

was conducted, the size of the sample and other aspects of context thadllgauids to
judge quality and applicability to our design circumstances.”

...Robert Brandt, AIA, 2005 Team Leader, Chong Partners Architecture

In the interest of supporting the clinician’s role as the interpreter of eadarcontext of

patient needs and values, the literature about evidence-basedneésliciear about the
importance of clear communication. The practitioner must deterimihe research can
be generalized beyond the specific circumstances in which itcaaducted to the
individual application at hand. To do so requires that the practitiomarstand how the
research was conducted, what was found, and how the research dsessed the
findings in terms of validity and reliability under given conditions.
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In considering how the evidence-based medicine model relateddeneetbased design,

the 2005 Latrobe team agreed that clear communication about the idorreaurce,

e.g., a randomized controlled trial vs. unsystematic observatiorimpastant so that the
architect (like the clinician) could make critical judgment abloav strongly to weigh

the evidence. This idea was integrated into the 2004 literaturemded by Roger

Ulrich and Craig Zimring for the Center for Health Des{gartly funded by the Robert
Wood Johnson Foundation), in which a grading system was used to qualify 600 studies as
“rigorous” (Ulrich, Zimring et al., 2004).

The effort to infuse scientific principles into practice hasonisally characterized the
rise and formation of many professions. The architectural professs not been an
exception, with interest in linking scientific research to theigle of the built-
environment dating to at least the late"1&ntury, as exemplified by the seminal
theorizations of architects Henri LeBroust and Gottfried Sempkis interest continued
well into the 28 century, most notably with the 1968 formation of the Environmental
Design Research Association (EDRA). EDRA’s mission Ise“@advancement and
dissemination of environmental design research, thereby improving wardéngt of the
interrelationships between people, their built and natural surroundingshelping to
create environments responsive to human needs” (http://www.edra.ocgssad
2/15/07). Despite extensive research on the built environment in rdeeatles,
however, this material has for a variety of reasons failed tongse professional
practice, leaving architects reliant upon individual experience,tionyiand readily
available information rather than rigorously-formulated research.

Integrating Research & Practice

“Evidence-based design is something that | have been teaching along wethleagues

in the Environmental Design Research Association (EDRA) for ovged&@. Evidence-
based design means that the research questions are drawn from practice, radtabst
theory. Here, we have done well. Our lament is that architects dpaycattention to

our findings. If evidence-based design includes the development aistitational
mechanisms needed to have information flow from research to application (akd bac
again), then it would be something new.”

...Galen Cranz, Ph.D., 2005 Latrobe Principal Investigator

There are some indications of a shift toward the applicationsafareh and evidence-
based practice in architecture, though the focus thus far haspbeeipally on the
design of healthcare facilities. This attention to correlativegg physical environment
with patient medical outcomes and staff satisfaction and penfmenaxemplified by the
work of the Center for Health Design, may be seen as aalogixtension of the
widespread acceptance of evidence-based medicine in the healthcare .industry



38

Similarly, the evidence-based urban design efforts of the UKeb&pace Syntax design
consultancy group on public spaces from London to Shanghai are a naturelvtiutofr
government-sponsored initiatives on evidence-based urban policy-making (2o,
Coupled with the current efforts of the Latrobe research group, éxaseples suggest
that the stage is now set for closing the gap that has histpes#ted between research
and practice in architecture through the broad implementation of evidenckegastce.

An Array of Evidence

“Design has always been an evidence-based activity. What has changed is what
constitutes evidence. This has become even more critical as ourssmwofeof
architecture has moved from an experientially based practice to a knowledgd set of
activities. This project is focused on developing a model for creamgarray of
evidence through architectural practice that can support evidence-based des@n ac
Evidence from my perspective ranges from highly personal expet@weey analytical
inquiry grounded in scientific verification. For evidence-based design &ffbetive it

needs to address the full array of evidence available, allowing the desmneake an
informed decision that is transparent to the users and clients.”

...W. Mike Martin, Ph.D., 2005 Latrobe Team Leader, University of California, Berkeley

Following discussion of precedents in evidence-based practice, the 20@bd.team
created an “operating definition” to guide the research plan and profegkedutcomes.
This was organized around two questions:

What is “evidence?”
What is “credible evidence?”

“Evidence,” the team determined, could be any observation about thenshap
between events, providing it was focused on the specific question at Imdnachced
predictability of the outcome of design decisions, and could be agen. In short, it
needed to be “a relevant indicator of something.”

Further, the team agreed that evidence must be presented i thatia practitioner
could critically and objectively assess its quality and relesaherefore, there needs to
be transparency in terms of its context and the methodology used to develop it.

What was particularly important to the team about this broad dhawation of
“evidence” is that it enabled team members with very diveesspectives and research
backgrounds to consider similarly diverse types of data. Infasmaibuld qualify as
being valuable even if it did not conform to the protocols of the individisgiplines,
e.g., neuroscience, sociology, ethnography and environmental desigm, witich the
team members were trained and most accustomed to work.
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“Credible evidence,” the team agreed, needs to be collected ssimptific
methodology, i.e., good research practices. Further, it must be valielaide (basic
tenets of scientific research), and it has to be applicable, nge#mat it will provide
metrics to help the user of the evidence reach an informed decision.

Finally, the team decided to adopt a variation of the definitioeldped by Sackett et al.
for evidence-base medicine. That definition was “Evidence-bakesign is the

conscientious, explicit and judicious use of current best evidence kingndecisions

about building design.”

Mode 2 Knowledge Production

The principles of Mode 2 knowledge production also had a major formateet eff the
research strategies employed by the teamThi@ New Production of Knowledge: The
Dynamics of Science and Research in Contemporary Sodig8ed), Gibbons et al. put
forward a thesis that Mode 1 knowledge production, characterizedebgutonomy of
scientific researchers within academia, was being replacdtblde 2, which addresses a
broad range of interests beyond academia and occurs within a context of application.

The New Production of Knowledgeas met with both interest and criticism. The latter
included concerns about degrading the quality of research and arguhatride 2 is
actually not new, but actually the traditional form of science bkeits academic
institutionalization in the 1®century (Etzkowitz & Leydesdorff, 2000). Re-Thinking
Science: Knowledge and the Public in an Age of Uncertgidowotny et al., 2001),
Nowotny, Scott and Gibbons addressed some of these criticisms, adkgewléhe
complexity of others, and continued the dialogue.

Three trends relevant to research process are “generabptad to be significant—(a)
the ‘steering’ of research priorities, (b) the commercidbrmaof research, and (c) the
accountability of the sciences” (Nowotny et al.). The “steeof priorities” refers to
shaping programs and building capacities to meet identified sswilaéconomic needs;
efforts by industry to identify research needs within the cant@x economic
competitiveness, and top-down management of research themes. “Caafipa¢ian”
involves increased diversity of funding resources and public:privategpsinips and the
exploitation of intellectual property for market return. “Accounifiil about the
management of research is intended to ensure its effectivendsguality, with
intensification of audit, assessment, and evaluation of performance.

Together, these three trends point to an increase in the intentimsesrch toward
serving an acknowledged societal purpose with measurable resulis Mbde 2
research is more likely now than in many years to involve peaptss institutions of
various types, including academia, government, and the private sedtentifying the
research problem, carrying out the work, and assessing its value.
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This Mode 2 paradigm resonated with the Latrobe team. It setems®la way to link

the interests of client, architect, and university researcmetdalead to standards for
research quality as well as applicability. However, thentda not limit the research
methodology to Mode 2 principles. In fact, some aspects of the work reflectehfisc
methods that characterize Mode 1. This mix is, in fact, consistéht Gibbons’
expectation that Mode 2 will supplement and interact with Mode 1,rrtha supplant

it. Itis a trend, not an ideology. The team perceived value in exploring both modes, thei
interaction, and perhaps some approaches that are not purely mode as much as a hybrid.

Tim Luke, in his paper, “Miscast Cannon? Universities and the Lib@wition in an Era
of Flexible Specialization,” addresses the *“culture wars” betwthe canons of
traditional western education and the actual application of knowledgerieconomy.
He asserts that transformation toward more Mode 2 knowledge pmdiginevitable,
but he also claims that there is value in both Modes 1 and 2. “$atisttibuted
knowledge . . . is an emergent amalgam of intellectual products now mostly proddced a
consumed outside of traditional university settings, and quite oftéxe imaterial context
of very short-run corporate outsourcings, task-specific government cisntrar
entrepreneurial venture capital start-ups. Such Mode 2 knowléadgecally, still
depends on Mode 1 knowledge centers for many of its constituent elemieaised
personnel, physical facilities, research programs, professiohabnrks, or organizing
paradigms. Nonetheless, more and more of these resources foamdb@ff-campus or
outside of academe” (Luke, 1996).

Joan E. Van Aken addresses a similar concept in the context ofyema@at science,
concluding that “one should do more prescription-driven, design-oriented Mode 2
research to complement the description-driven, analysis-oriented Mgearch” (Van
Aken, 2001). Van Aken argues for “prescription-driven” research thatsésc on
solutions, as opposed to Mode 1 “description-driven” research, for whiclgotdeis
problem understanding. According to Van Aken, “Where quality control in Mode
knowledge production can be seen as supporting a quest for truth, quality @control
Mode 2 knowledge production can be seen as supporting a quest for human
performance.” Another characterization of this drive for ne$edo support practical
decision-making comes from Peltz. The need is for research psadhattdo not just
have “conceptual use,” but specific and direct “instrumental use” (Peltz, 1978).

The 2005 Latrobe team addressed this by creating a reseaméwfork to enhance the
ability to be prescriptive, i.e., “if X, then we can predict Y,” and to corepadbgic chain
linking design attribute to metrics of relevance to organizatidealsion-making. In
brief, the logic was as follows: “Design Elements,” e.g., lightspectrum and noise
level, elicit “Immediate Physiological Responses,” e.g., bloodsure, which in turn
influences “Individual Health & Behavior Outcomes,” e.g., illnessich result in
“Organizational Impacts,” e.g. sick days. The premise was ithone can predict a
measurable outcome, such as costs to the organization due to emipheyesvay from
work, and demonstrate that the outcome is related to a desigrctehiate, e.g., the
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amount of daylight in the workspace, then one can rationallgasests vs. benefits of
using that design element.

Gibbons et al. identify Mode 2 knowledge production as having five chasticigriall of
which to some degree were considered in the design of the Latrobe research approach.

It is generated in the context of application. This does not igatyainty about
results, nor is it independently conceived and generated Mode 1cledaimr
applied to a real setting. It arises from “the very work of problem solving.”

It is “trans-disciplinary.” A range of methods are used wiizime together often
in novel forms to solve a specific problem.

It is produced across knowledge organizations and at a variety of sites.

It is “reflexive,” in that there is conversation between theeasshers and the
subjects. The problem solving environment influences the topic, theralesea
design, and the end uses. Consequences are intrinsic to the research process.

It must accommodate multiple definitions of quality because thezemany
players and a lack of strict disciplinary criteria with whgtientific peers can
evaluate.

Defining Team Member Roles

Referring back to the research proposal, there was an assuthgtidime contributions of
individual team members would largely reflect the core purposénedf sponsoring
organization. In other words, Chong Partners Architecture would helptetra

understand the architect’s questions and challenges; KP would @eftdent’s point of
view; and UC Berkeley would add the dimension of research expertise.

Initial team building sessions made it clear, in classic ModeaBner, that roles and
interest would be far more integrated.

Respect for disciplined, systematic research was pervasive
Research experience existed in all three team components

Biases toward processes and methodologies existed in individuald base
personal backgrounds rather than organization

As originally proposed, the team decided to maintain the model of orecipddjector
and a team leader (TL) for each of the three constituents. aftee Wwas to engage
internal resources for support and to simplify communication. The teader role
remained throughout the work, although there was a shift from matafgilitator as
the principal investigators pushed to greater autonomy in therpaftecience and away
from the project management method more common in architecture.
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The concept of one principal investigator (Pl) per discipline, e.g.,oseience and
sociology, was also initially maintained from the proposal. Howesthe topic was
further refined, the PI's and team leaders followed naturalnmtobns toward their
interests that blurred the strict distinctions among disciplilaegely as was desired in
the proposed “trans-disciplinary” approach.

The greatest shift in work plan evolved as the research topic was furtheddefine

Defining The Pilot Research Topic

One of the most important premises for the team was that skearod should inform
decisions of significance to a design project. In other words, #rehsér knowledge
was not for knowledge’s sake alone, but rather to have a real impatite client
organization’s performance.

A second premise was that even though our pilot was intended to addreskhaare
environment, the outcome could ideally be generalized to other tydasildfes. The
lessons learned could be applied to education, office, and other settings.

A third requirement outlined in the Latrobe proposal was that phgsialo methods
should be incorporated into the study, testing new concepts about tenaibase
available to architects.

The early phases of the planning process, therefore, included egtensieach to the
client organization, in this case Kaiser Permanente. Intenti@isiasm far exceeded the
team’s capability to address all of the identified issu8gveral emerged as potential
research topics perceived by the client to be important, bkintaén sufficient data
relative to outcomes. Among the major environmental variablgsosible focus were
color, light and lighting, and acoustics, all of which were sugpect affecting staff and
patient experience, but generally lacking in meaningful metrics.

A second question was what population would be studied. Staff perfornsnce
course, crucial, and equally the patient experience.

Finally, what types of data would be needed to convince the KPialeamakers about
the validity and significance of the findings? KP cares dedmbytapatient self-ratings
of experience and surveys perceptions as a standard practice, bdio hmevceptions
translate to health outcomes, as an example?

A framework was developed by the team to give structure to tieredit types of
variables.

Definitions

1. Physical Characteristics/Design Variables — Architectetaments that can be
controlled by the designer
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2. Intervening Variables — The actual psychological or physiologiesponses to
the Physical Characteristics. Examples might be stredgguda lack of
orientation.

3. Measurements/Indicators — The specific way that the resesachrhight identify
and quantify what is happening in response to the physical ch&stcser
Examples might be brain activity that can be monitored with am, kiart beat,
and blood pressure.

4. Client Outcomes — Things relevant to the client’'s organizatipeaiormance
desired to be achieved through the manipulation of physical chas#cteri
These might be used in a business case to justify design expendixamples
might be length of stay and medical errors.

The Framework (Straw Person to Illustrate Examples Only)

Physical Intervening Measurements/ Client Outcomes
Characteristics/ Variables Indicators
Design Variables
Shape Stress Medical data, e.g., | Length of stay
Blood pressure
Size Fatigue Retained Plan
Perception survey/ | Members
Dimension Sense of control self ratings
Medical errors
Direction Sense of orientation Observed behaviors/
Trace observations | Medical condition
Orientation Functional
efficiency Time/motion studieg
Light

Cultural sensitivity | Bacterial content
View

Air Quality
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What proved most valuable about this way of dissecting the researehsilims was the
realization that architects, clients, and researchers tendus éocdifferent aspects of the
chart, depending on their disciplinedMany designers, it was observed, for example,
want to know about the physical characteristics, with faittkelconcern about what's
happening to the affected population psychologically or medicalligrey as the design
is effective. Clients often seek metrics, such as lengtbtay, because they directly
affect patient experience and costs. From the focus on “evidendedign,” however,
all team members wanted to be able to say, “This is what #igndis really affecting,”
e.g., stress, and that how that effect is evidenced and thatolewaderstanding of
fundamental causal relationships not only explains the design impsdcallows the
designer to generalize.

Thus, with topics of interest to the client identified and a themleframework for
defining a continuum from design characteristic to metric, thm tdhen conducted a first
phase literature search to learn what others had previoustvdied. More detail about
what was found in databases and periodicals is included in other chapters of this report.

The outcome was a decision to focus the pilot on daylight and e&dighting, in part
because the literature suggested strong significance but didliyoanswer the team’s
questions. Certainly prior research pointed to specific aspedtghtf their possible
impacts, and the populations most sensitive to the effects. Thefatighat the body of
knowledge complemented by the pilot would most directly allow dessgneunderstand
this important issue.

A decision was also made to focus on patient rooms. Although thektgamthat the
environments of the medical providers were also of considerable interest andeslispec
affecting quality of care, staff retention, etc., the patiennr setting seemed to be the
more reasonable choice for a small pilot and the one that couleshkszl lto existing
available data.

Approximately six months into the research, with framework defimeidsame literature
review completed, the team identified two very different method&xploring the pilot
topic. One related to the design process. A particular lightomdition would be
defined that was hypothesized to be significant to patient outcompkRysacal setting
would be defined, and the effects both pre- and post-occupancy would be mheasure
Unfortunately, construction time and concerns about patient well-lvexgd not allow

this direct an approach. However, a full scale mock-up and/or lab studtly achieve a
similar result. The degree of control of the design varigimpealed to the architects, and
this approach also would allow tightly controlled measurements.
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A second approach, however, was too compelling to ignore. KP has$ eeahsstate
portfolio, documented in a CAD/CAFM system. It also has patiedical records and
patient experience survey data. The PI's suggested thatcdatd be mined for
correlations between existing room design characteristidsree medical outcomes and
experiences of patients in those rooms. Even though the rooms wouldnedebgned
for the experiment, rooms could be sought that had the design chati&acterquestion
and compared with rooms with different characteristics in tevhmeedical and survey
data. This analysis could be done systematically and controllgaésible confounding
variables, such as medical condition and patient age and gendeishddrevolume of
data was unprecedented in evidence-based design, and the $ihee ddtabase also
provided the analyst with a level of statistical significareseen though each variable and
measurement might not be as controlled as in a laboratory study.

The team chose to split the pilot into two tracks—a laboratory Scmynplemented by
field measurements and design interpretation), and a naturaliregperbased on
bringing together the continually refreshing KP databases. Byuimgr two contrasting
approaches, the team hoped to have two results that could be edatutdrms of their
strengths and weaknesses. Further, the goal was to be able telpted topics using
the two approaches and then be able to compare and contrast the résuitate, the
natural experiment has not yielded environmental design findingsléderto the
laboratory findings on circadian light. However, as per the Exac@ummary, the KP
Integrated Data Model (IDM) is posed to address the circadiae &s well as many
others and, therefore, is a valuable Latrobe result in itself.

Research Plan Overview

Natural Experiment/
Integrated database

*Health Connect Data
(Medical Records)

“Patient Satisfaction Surveys Interpretation and
<CAFN Room Design Data

« Literature Synthesis

Review » Experimental

= Lighting Findings
- Biomedical ) = Design Application
Lighting Intervention {Charrette)

Experiment » Research Model
= Physiological Measures

« Cognitive Measures

Literature Review

+ Evidence-Based
Practice
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The Structure of This Report

Chapter 1 — Introduction: An overview of the team’s intent, problem definitiod a
research plan is covered in this introductory chapter. This includeanaotated

literature review about the state of evidence-based practicetdwen Doctors, Ph.D.
candidate (UC Berkeley). That document and commentary by RBtaertlt (Stantec)

pose a challenge to the profession to rethink how we define andceracidence-based
design and to move forward to an approach that benefits from thigeptves and skills
of practicing architects, clients, and university researcher coniggnas well as the
lessons learned—both pro and con—from other professions.

Chapter 2 - The Laboratory Experiment: Addresses what we know about light and health
from the literature; how this experiment was conducted and whatfispaspects of
lighting were studied; what new findings we now have; and how thesedata can be
applied in design. The Principal Investigator for this work was Edelstein, Ph.D.
(Chapter 3). Dr. Edelstein and her team used bio-medical andicegneasurements as
well as field tests using a beta test version of a moigilé measurement device. Her
findings were interpreted for design application during charreyesmdxdical planners

and interior designers.

Chapter 3 — The Natural Experiment: Describes the primary research stratepathe

at Kaiser Permanente used to create a tool, the Integrated Data Modelnthatused to
answer important, current questions about the impact of design elements on pditient we
being in hospitals. This tool integrates three classes of data never beforeebrne
physical design features, patient experience, and patient mediaainastc Broadly
speaking, this original coordination allows planners and architects to understand the
effect of architecture on health. The tool is especially powerful because efdrmous

size of the sample, which allows fine discrimination between the effeotseofariable
versus another.

Chapter 4 - The Model: Includes an analysis of what was done, lessanseld, and the
team’s reflections on how future research might be affectethdogxperience provided
by this Latrobe Fellowship to improve the quality of evidence-bdesign. W. Mike
Martin, Ph.D. was the Principal Investigator for this work.
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Architecture (non-healthcare) and Urban Design
Badland, Hannah and Grant Schofield. “Transport, Urban Design, and PiAydivdy:
An Evidence-Based UpdateTtansportation ResearchPart D, vol. 10, 2005, 177-196.

In this article about the complex interrelationship of urban desigmsportation
facilities, and public health, the authors employ an evidence-bgg®daah to their
study. Their argument is that current research is predomingdistlipline-specific and
lacking the multi-disciplinary approach necessary to understandthelex cause/effect
relationships in the urban environment. They comb existing literatuae'systematic”
review of these interrelationships, seeking evidence to be usedprmovimg health
outcomes through *“suitable” urban environments and transportation. Ticte ar
exemplifies a literature review form of evidence-based tec which can be
accomplished when available evidence is deemed to meet suitable discigtiamargrds.

Bradley, Stephen and Christopher Hood. “Delivering Minimalist Workplaitest
Improve Corporate Agility," Journal of Facilities Managementol. 2, no. 1, 2003, 68-
84.

To ensure flexible workplace environments responsive to variable pradtices and
changing technologies, the authors promote the assemblage of evidencey/$tematic
evaluations of facility usage. They suggest that various &@sé¢aols, including time-
lapse photography, visual observation, and digital tools, are avat@abé@mhance an
understanding of how space is used. The evidence generated by such sysigoisds,

the authors suggest, will enhance user performance and spa@nejfiover time, more
so than continued reliance on older workplace models.
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While promoting a specific view of the “minimalist workplace,” #n¢icle more broadly

suggests that the introduction of scientific-based research metgadoloto the design

process, in this case by way of evaluating existing spackgniance the outcomes of
architectural practice.

Echenique, Marcial, Alan Short, and Koen Steemers. “What is ArtiniééddResearch,”
ARQ vol. 9, no. 1, 2005, 13-15.

Stemming from a conference at Cambridge, the authors ask: M/hachitectural
research? Does it exist as a field distinct from oth&rsh( as building science and art
history), or does it merely draw upon research in other fields?a Fesearch university
such as Cambridge, the implications are enormous since government fisndirgiake.

If architecture is not a field of research, it is, by somesuees, merely a field of
vocational training and not a true academic discipline. Somee altat the design
process is research, with the study of prototypes and precedents@bl@pa a literature
review in research-based disciplines. John Worthington (partri@E@W) notes that
the challenge is to reaffirm the integrating role of asghiire, using research to underpin
evidence-based practice and to give practice “academic rekeVahe article asserts
that there was consensus amongst conference attendees tha¢c¢andliresearch is an
interdisciplinary field where all kinds of fundamental reseancbther disciplines come
together in the generation of form.” While the article focusesarchitecture as an
academic discipline, the questions raised relative to design ems@drch are equally
relevant to architectural practice.

Heerwagen, Judith H., Kevin Kampschroer, Kevin M. Powell, and Viviannke#.
“Collaborative Knowledge Work EnvironmentBuilding Research & Informatigrvol.
32, no. 6, November-December 2004, 510-528.

The authors emphasize the importance of employing research-leasgehce to
understand and design for effective “knowledge work” spaces tretdeathe different
physical and cognitive requirements for collaborative and individugiitaes. Available
literature shows that the requirements for successful colla®igtaces can negatively
impact individual activities, while spaces designed to enhance individual astiarg not
conducive to the open communication opportunities required in a collaboratike wo
environment.

Horwitz, Jamie. “Beyond Net-to-Gross: Analog Tools for Thinkinghw\kon-Architects
about the Design of Circulation and Other Shared Spaé¢s,”Report on University
Research 2005119-131.

The author acknowledges a “growing public interest” in evidenseébaesign based
upon available user-oriented literature, and that the “authority” cagnsfic-based
methodologies may well be the next “qualifying standard” in agctutal practice. The
author further acknowledges a desire on the part of architectiant alike to minimize
risk and increase accountability in the design and construction of facilities.
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Yet the author cautions against any strict application of stiebised methodology that
might cause evidence to “trump” the synthetic attributes of aathital thought. For this
article, the author retroactively constructs evidentiary argwrargupport of the design
outcomes for a completed project to demonstrate how evidence conceatiegns of
human interaction and circulation might have contributed to (but not sertiee sole
basis for) certain synthesized design decisions by the architect.

Jones, Phil. “Safe Streets: Challenging the Principesyteedings of the Institution of
Civil Engineers, Municipal Engineer 158sue ME3, September 2003, 191-195.

The author criticizes prevailing “rule-based” traffic engineg techniques as “less
rational as might be assumed.” He argues that such techniquémse® more on
intuition than scientifically formulated evidence, and that they prhmacy to vehicular
movement while failing to assign sufficient value to pedestéguirements. The author
suggests that evidence-based practice would more accurately considemplexity and
multi-functionality of the streetscape, thereby offering delpdbalance amongst safety
and aesthetic factors.

Macmillan, Sebastian. “Added Value of Good DesigiBuilding Research and
Information vol. 34, no. 3, 2006, 257-271.

This article summarizes a literature review conducted bynaber of public and private
commissions and other entities in the United Kingdom of receataires on the social
and economic benefits of a “well-designed built environment.” Tieeature review
includes studies of commercial office buildings (linking, for instarsgatial layout to
teamwork and personal thermal/solar controls to productivity); éiduchuildings for
which research questions focused on the relationship between pleysicanment and
learning; healthcare facilities; and a blended category of wesign, housing, and open
space. The author suggests that such research overlooks the walabk associated
with good design for stakeholders and is thus not useful in the desigess. With the
inclusion of values by way of various statistical methodologisgareh and practice will
be linked and evidence-based design will represent a more wegisiposition for
practitioners.

Raman, Baranidharan and Jody R. Naderi. “Decision Tree Templatdstéractive
Evidence-Based Design of Site-Specific Use-Specific PedesEnvironments,” Texas
A&M University, working paper, March 2004.

Rather than address overarching questions about incorporating remedeidence into
the design process, the authors propose a decision-tree desigrdohegy based on a
database of physical attributes deemed to be historicallyiatbavith “good pedestrian
landscape design.” According to the authors, such a methodologs gfofessionals to
incorporate evidence into the design process. They define landscaectural design
as a “creative process of applying learned knowledge to achieamning in the

manipulation of the environment.”
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The authors observe that experienced designers are able to draw uptedgeayained
from past experience to predict the outcome of the design.effbdir objective with the
design-tree methodology is to enhance both the learning and predagaeilties of the
designer by providing a tool that “inductively” models human experience.

Stonor, Tim and Chris Stutz. “Toward Evidence-based Urban DesignKingopaper,
Space Syntax, December 10, 2004, 1-6.

The authors note that the stimulus for evidence-based practice nttezl Kingdom

stems from government mandates that promote the sustainabitisynmhunities. These
mandates include standards for the formulation and incorporation of ewidemcban

policy-making. The authors propose to extend the government’s promotemidehce-

based urban policy-making to evidence-based urban design. The @téslevidence-
based medicine as a model for such practice, while recogritzmghe complexities of
urban space may require different approaches to the formulation eheeidnd multiple
standards of evidence to support design. The authors acknowledge #satvarban

planning practitioners will need to acquire new research and iniaipee skills to

incorporate evidence-based design into the profession.

Stonor, Tim. “An Evidence-based Approach to Spatial Planning andgmyéswvhite
paper publication, Space Syntax Limited, October 2006.

The author continues his argument in favor of evidence-based desigs promotional

piece, repeating his observation that prevailing practices amplistic’ and

“unsophisticated,” leading to “greater damage than benefit.” blgearthat incorporating
evidence about urban patterns and behaviors into the design processhaitice
outcomes.

Van Aken, J. E. “On the Design of Design Processes in Arcbhree@nd Engineering:
Technological Rules and the Principle of Minimal Specificatiomgiking paper 03.08,
Eindhoven Centre for Innovation Studies, June 2003.

The author observes that the scale and complexity of certagnda®blems warrants a
design process that is “fully organized and disciplined.” Thegdgwocess, however, is
more likely to be based on the designer's experiential knowleBgéar{yi's tacit
knowledge) rather than the inclusion of evidence in a systematiofaskarking back
to the design methods movement of the mid-twentieth century, the authas for the
reconsideration of technological, engineering, and evidence-bassdtoubnhance the
design process and the outcome of practice.
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Education and Child Development

Berends, Mark and Michael S. Garet. “In (Re) Search of EvidBased School
Practices: Possibilities for Integrating Nationally Repnésttve Surveys and
Randomized Field Trials to Inform Educational Polidggabody Journal of Educatipn
vol. 77, no. 4, 2002, 28-58.

The authors promote the integration of two modes of inquiry—randomiett tfials

and nationally representative surveys—to enhance school interventiong.arghe that
scientific-based research methods do not in isolation ensure vadedators. Methods
must be coupled with a sound set of questions that can be studied dippnesaarch

methods must be appropriate for the specific context, and resustsbeueported for
public review and analysis. Reference is made to No ChildBsdiind regulations that
require scientific research principles be employed in the dprednt of educational
programs. “Scientifically-based research,” as defined in N@oBcies, is research
based on the application of rigorous, systematic, and objective prosednck
employment of systematic empirical methods that draw upon observation omexteri

Browder, Diane M. and Karena Cooper-Duffy. “Evidence-Based iPeasctor Students
with Severe Disabilities and the Requirement for Accountabihty'No Child Left
Behind,” The Journal of Special Educatiovol. 37, no. 3, March 2003, 157-163.

The authors link evidence-based practices in education to feder@hNd Left Behind
(NCLB) regulations that mandate accountability in the formulatind assessment of
educational standards and annual assessments based on rationalizedsstafdiés
highlights the political context of evidence-based practice, thathe promotion of a
methodology within a discipline triggered by a political initrati The authors note that
there are over 100 references in NCLB regulations to “scieatifibased research” and
that recipients of federal funds must use that funds on evidence-baatsjies and
interventions. The authors observe that there are challenges itoleenentation of
evidence-based practices—namely, the availability of timéefmcher practitioners and a
general lack of familiarity with research practicesddaionally, the authors note that
there is very little literature that demonstrates the affroof mainstreaming children with
special needs under NCLB, thus giving it the appearance of bargoha value-based
than evidence-based policy.

Carey, John C. and Carey Dimmitt. “Resources for School Counselor€antselor
Educators: The Center for School Counseling Outcome Rese®8KLA Professional
School Counselingrol. 9, no. 5, June 2006, 416-420.

The authors summarize efforts of the Center for School Counselimpr®@tResearch
(CSCOR), founded in 2003, to promote research-based decision-makingfieldhef
school counseling. The Center conducts research studies, dissemiaaséarch
outcomes, reviews current literature, and sponsors annual gathemireysdence-based
practices. The formation of CSCOR was prompted by a tentigzal toward standards-
based educational policies and the resulting need for accountabiligntifying and
closing gaps between standards and performance.
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School counselors’ needs are identified in the article as:ands@&emonstrating that
counseling services can positively impact student behaviors; traminge of data in
counseling services; research on how interventions can affect agramd evaluating
interventions and programs to comply with accountability requirementse atithors
highlight differing purposes of intervention research and interventiesluation—
generalizable research based on hypotheses of interest dochess; evaluations based
on objectives of stakeholders and specific program standards. Tdle @riterates the
benefit of centralized repositories for discipline-specific aed®e as with the Cochrane
and Campbell Collaboration, to facilitate practitioner access to reseatehats.

Collins, Shawnee and Charles Salzberg. “Scientifically Basestd®eh and Students
with Severe Disabilities: Where Do Educators Find Evidence-BRsadtices?"Rural
Special Educationvol. 24, no. 1, Winter 2005, 60-63.

The authors discuss scientifically-based research (SBRpadated by federal No Child
Left Behind regulations (2001) and the What Works Clearinghouse, elséablis 2002
by the federal government to disseminate evidence-based prdctiedsicators. They
define SBR as research involving “rigorous, systematic, and olgeotethods, and
rigorous data analyses to justify conclusions.” The authors sutiggspublic policy
initiatives are the impetus for evidence-based practices andabatnment participation
in the articulation and dissemination of such practices provides ditydibian otherwise
complex and “potentially controversial” process. These practcesproblematic for
students with severe disabilities and for rural schools, accotditige authors, due to a
reliance on randomized controlled trials on large, homogenous populatiohtss T
suggests the need, the authors observe, for more flexibility innteepiietation and
implementation of evidence-based practices in specific contexts.

Cook, Bryan G., Timothy J. Landrum, Melody Tankersley, and James duffrdan.
“Bringing Research to Bear on Practice: Effecting EvideBased Instruction for
Students with Emotional or Behavioral DisordeEducation and Treatment of Children
vol. 26, no. 4, November 2003, 345-361.

While they focus on the sub-discipline of special education, the autigitight two
prevailing obstacles to evidence- or research-based educatioméicgsa first, the
tendency toward personal preferences in teaching and, second, the sibditgesf
available literature to practitioners. The authors recommend ¢éhefdsacher-educators
to synthesize and disseminate research findings to teacluitipngrs and increased
attention to linking research to interventions and practices.
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Davies, Philip. “What is Evidence-Based Educ&bBritish Journal of Educational
StudiesA7, no. 2 (June 1999), 108-121.

In the face of increasing top-down educational policymaking indfagthat suffers from
unselective and non-systematic research practices and poliasalthe author proposes
an adherence to evidence-based education (terms used by other agthdesresearch-
based, literature-based, and context-sensitive practice). Thissaidwo levels: access
to existing scientific-based literature and its use in specific applsaand, secondly, the
process of establishing new evidence when existing evidencaelequrate. The author’'s
view of evidence-based education is derived directly from theepeatbased healthcare
program at the University of Oxford. He reviews questions raisdtie debate over
evidence-based practices in education, such as applicability, natieeidence, the
process of using and developing evidence, and the quality and acitgssibiésearch
databases.

Davies, P. “The Relevance of Systematic Reviews to Educatitwiay and Practice,”
Oxford Review of Educatid?6, no. 3 and 4, (September-December 2000), 365-378.

The author promotes the use of systematic reviews to enhancedbomulf educational
policy and practice. Systematic reviews represent, accortinghe author, the
accumulated knowledge base of the profession, and afford reseanbepsactitioners
access to broader data sets and syntheses not available frorduadstudies. The
author discusses the attributes of the Campbell Collaborationeg®sitory for research
materials, which would be the humanities equivalent to the Cochrangb@altion for
the healthcare field.

Dirkx, John M. “Studying the Complicated Matter of What Works: EviéeBased
Research,Adult Education Quarterlyol. 56, no. 4, August 2006, 273-290.

In the face of widespread efforts to further evidence-basactipes in education, this
article emphasizes the need for an education knowledge base rootegnratrassues
of practice. The author sets his recommendations against the d@ac&birongoing

polemics over evidence-based practices and their efficacy aradbibtyitas a cure for
pervasive problems in the educational system.

Elliot, John. “Making Evidence-Based Practice Education&yitish Educational
Journal 27, no. 5 (2001), 555-574.

This article draws attention to the philosophical debate about thmtidef development,
and implementation of evidence-based practices in education. The aotkerthat
David Hargreaves receives much credit among scholars for dnsogion of evidence-
based practices in education. Subsequent scholars, such as Pe&isnaodse, have
challenged the Hargreaves approach as overly outcomes-basedyanuidmoted as an
alternative “research-based teaching” that encourages @ar clokage between
“educational aims and process,” ostensibly missing from Hargreaves’ approach.
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This author promotes a theory of evidence-based practice thas dom the differing
but overlapping positions of Hargreaves and Peters/Stenhouse, themebgsttating

that for all the discourse about evidence-based practice in emtyctte theories and
methods are very much in flux and subject to ongoing polemics.

Gertsen, Russell, Lynn S. Fuchs, Donald Compton, Michael Coyne, aade€
Greenwood. “Quality Indicators for Group Experimental and Quasiiirpatal

Research in Special Educatiogkceptional Childrenvol. 71, no. 2, Winter 2005, 149-
164.

Prompted by the transition to rigorous, scientific-based rdséaspecial education, and
empowered by a 2002 National Research Council report suggestingubatien should
be subject to the same methodologies as science-based discipknasthors propose a
set of quality indicators to assess the merits and integfitsesearch reports. These
quality indicators, the authors suggest, can also be used to forrankhtassess new
research questions and proposals. The quality indicators aented as a series of
interpretative questions categorized by underlying conceptualizatithre aftudy, nature
and extent of the sampling pool, implementation of the intervention, oatcoeasures,
and data analysis. According to the authors, implementation of theyqodicators will
increase the likelihood that research employed by practitioapts developed by
researchers will meet appropriate standards of rigor, wigsudting overall improvement
in the state of education.

Greenwood, Charles R., Yolanda Tapia, Mary Abbott, and Cheryl WaltoButiling-
Based Case Study of Evidence-Based Literary Practices:ernmgpitation, Reading
Behavior, and Growth in Reading Fluency, K-dgurnal of Special Educatiowol. 37,
no. 2, Summer 2003, 95-110.

In this article, researchers document a three-year investigaito the efficacy of
evidence-based practices in education, focusing specifically autbemes of a literary
reading program. Observations include sustained use of eviderezk{p@stices by
teachers and improved behavior of students under study. For the purpbsestfdy,
evidence-based practice is defined as drawing upon at leasthmgmecal study, with
“preferred” practices supported by experimental or quasi-expatah studies when
possible. Practices varied over the three-year study asetsaeRperimented with,
adapted, or abandoned reading practices as appropriate to their intereststimesbje
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Hammersley, Martyn. “Educational research and teaching: A drRespto David
Hargreaves’ TTA Lecture,British Educational Research Journ28, no. 2, April 1997,
141-161; and Hargreaves, David H., “In Defence of Research for Evitzses
Teaching: A Rejoinder to Martyn Hammersleffitish Educational Research Journal
23, no. 4, September 1997, 405-419.

The two articles represent a dialogue between two of the pnastinent players in the
British discourse on evidence-based practice in education. FunddgmeHtaigreaves
and Hammersley share the view that prevailing educational rasesthods do not
provide a solid evidence-based foundation for the teaching professiomebatethods
do not “generate a cumulative body of knowledge” nor address the funtidnssues of
concern to teachers. Beyond this common ground, the two scholargedore several
key points. First, Hargreaves’ proposals for evidence-based edugetenally adopt
evidence-based medicine as a model and include more teacheipa@oticand more
guidance for teachers in research activities. Hammersleysresidence-based medicine
as a precedent, arguing that the pervasive tendency amongst ipnsfes model
themselves after the sciences does not mean such a modekssardyg suitable for
education. Secondly, the two scholars have different views on thdastia to be
employed in the formulation and assessment of research, with Haleynarguing that
Hargreaves is too vague about how research is to be appliegictwalrproblems in the
field. The third primary area of divergence concerns the oestip between research
and practice. While Hargreaves expresses great faitheirefficacy of research, its
relevance to education, and its capacity to positively influenaetipe, Hammersley
takes a more nuanced position by arguing that research can, indet#thute to the
identification of solutions, but that its effectiveness should not beraied beyond
realistic expectations. given the enormous complexities of the educatidaal fie

Lerman, Dorothea C., Christina M. Vorndran, Laura Addison, and Stephanie @ontruc
Kuhn. “Preparing Teachers in Evidence-Based Practices for Youmigiréh with
Autism,” School Psychology Reviewol. 33, no. 4, 2004, 510-526.

This article demonstrates that while debates continue about tbecgfind methods of
evidence-based practices, efforts are underway to implemenpsaatices through the
training of practitioners. The authors discuss the implementatiogvidence-based
practices in a special education environment for children withnautiBhey propose an
instructional model that teams teachers with outside researahe other practitioners in
a continuing education program to expose teachers to evidence-badezkpridat will
enhance outcomes for both teachers and students.
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Luckner, John L., Ann M. Sebald, John Cooney, John Young lll, and Sheryl Goodwin
Muir. “An Examination of the Evidence-Based Literacy Reseancbeaf Education,”
American Annals of the Deafol. 150, no. 5, Winter 2005/2006, 443-455.

The authors note increasing expectation for high levels of litenaihie current “service-
and knowledge-driven economy,” leading to an increased demand for rigorentsfisc
methodologies in the educational environment. This attention to sicen&thodologies
is notably augmented by federal No Child Left Behind regulatitvas $pecifically
mandate the employment of “scientifically based research’then formation and
implementation of educational policies. According to the authors, swodntsically
based research” includes experimental control groups, generalizzgllts replicable
through multiple studies, and “convergence” of results and studies. altm®rs’
objective was a literature review and meta-analysis of dlailaesearch on deaf
education studies.

Odon, Samuel L, Ellen Brantlinger, Russell Gersten, Robert H. Horner, BnocepEon,
and Karen R. Harris. “Research in Scientific Methods and Eviderssstb@ractices,”
Exceptional Childrenvol. 71, no. 2, Winter 2005, 181-194.

This article furthers proposals made in the Gersten et atlearegarding quality

indicators by suggesting three tiers or stages of reseandal “descriptive” research

activity (preliminary hypotheses, observations, and pilot work), expeatsh causal

research (controlled laboratory experiments and classrooetleEmonstrations), and
research on processes that are generalizable and applinaplactice (randomized
classroom trials studies). This staging of research, utieos suggest, allows for the
phased formulation of questions and for methods that are context-specific.

Simons, Helen, Saville Kushner, Keith Jones, and David James. “FroomEs+bdased
Practice to Practice-based Evidence: The ldea of Situatedr&ization,” Research
Papers in Educatiod8, no. 4 (December 2003), 347-364.

The authors document a British evidence-based education program intenuleditie
teachers with the skills and tools necessary to conduct reseéssdhe program evolved,
the practices most prone to being adopted by teachers were thdseasely linked to
the practical realities of everyday classroom activity. atmors propose the notion of
“situated generalization” pertaining to the assessment and genevhevidence. More
specifically, “situated generalization” emphasizes teachtrpretation and judgment
rather than strict compliance with rule-based methodologies, dsithe authors state, “a
process of recognition and adaptation, on the basis of similasitidsdifferences, to
one’s context.” Such an approach, they claim, is consistent withtiayaargue are the
three key characteristics of evidence-based practice: tsatked to interpret evidence
on a case-by-case basis; evidence needs to be closely linked dpetiific context of
practice, and evidence is most credible to teachers wherprigitedd and analyzed
collectively with peers.
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Environmental Management

Galloway, Tamara S., Rebecca J. Brown, Mark A. Browne, Awantlsabayake, David
Lowe, Michael H. Depledge, and Malcolm B. Jones. “The ECOMAN ProfedNovel
Approach to Defining Ecosystem Functiorifarine Pollution Managementvol. 53,
2006, 186-194.

This article recounts a research effort focused on the developmantesfidence-based
approach to environmental assessment through an integrated series obtplaméfield
studies. The authors assessed the condition of coastal areaa ssingf cost-effective
health indicators, or biomarkers, tested initially in the laboratg subsequently
employed in the field. The value of the research, accordinthe authors, is its
contribution toward an evidence-based definition of “ecological qualith& promotion
of evidence-based practices, they suggest, is at least partiallesponse to laws
mandating that environmental regulations be formulated in a “traerdpand integrated”
fashion.

Mathevat, Raphael and Andre Mauchamp. “Evidence-based Conservag@indowith
Social Issues,Trends in Ecology and Evolutipwol. 20, no. 8, August 2005, 422-423.

The authors ground their remarks in the observation that environmentahvetiose

interventions are commonly undertaken in the absence of sufficientic evidence to

support them and rely more on anecdotal evidence or precedent. The ewoilcsuch

interventions can be enhanced if consideration is given to theahdle of ecological,
social, and economic issues. The complexities of such issues, the authorsegrgreear
broader evidence-based conservation strategy to better undeh&tgrdlilem and viable
value-based solutions.

Pullin, Andrew S., Teri M. Knight, David A. Stone and Kevin Charman. “Do
Conservation Managers Use Scientific Evidence to Support Their i@recis
making?”Biological Conservationvol. 119, no. 2, September 2004, 245-252.

Based on their study, the authors argue that environmental catigerinterventions
tend to be based on experience and past practices rather than on-goeddt
evidence. This, they contend, is attributable to evidence not beiddyravailable, non-
existent, or, as is frequently the case, conservation managgnslanners not making
“full or systematic use” of the evidence even when it is hgadiailable. They suggest
that the adoption of evidence-based practices employed in alis, fsuch as medicine,
would enhance the outcomes of conservation practices. The authorghtighb key
points regarding the adoption of evidence-based practices: &m aftevidence-based
practice is to generate more and higher quality evidence, bsiateanaking should not
be stalled in the absence of good evidence; and the promotion of evideedepbactice
does not suggest that current conservation interventions are wrong eratleerce-based
practice represents an opportunity to enhance the outcome of fudnsenegation
interventions.
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Roberts, Philip D., Gavin B. Stewart and Andrew S. Pullin. “Are i®eVArticles a
Reliable Source of Evidence to Support Conservation and Environmental Maerdage
A Comparison with Medicine,Biological Conservationvol. 132, no. 4, October 2006,
409-423.

The focus of this article is on enhancing evidence available ttitfmaers rather than a
broad argument for evidence-based practices. On the premisees\idance-based
medicine is an appropriate model for evidence-based practicauthers compare the
rigor of review articles in environmental management, a key armah aitle source of
evidence for environmental managers, with systematic revietseifields of medicine
and public health. Their observations—that environmental reviews aogvef fuality,
are more subject to bias, and are less synthesized than thoseliainen@and public
health—lead to their recommendation that environmental journals shouldr rthe
systematic review guidelines in medicine and public health so iagprove the “impact,
guality, and power of review articles.” This, according toabthors, would improve the
basis for adopting evidence-based practice in environmental management.

Librarianship and Information Systems
Dickenson, Gail K. “How One Child Learns: The Teacher-libraga Evidence-based
Practitioner, " Teacher Librarianvol. 33, no. 1, October 2005, 16-20.

The author explores the prospect of applying evidence-based ptaclicerianship to
mirror the benefits of similar practices in the health industyidence-based
librarianship is defined as a systematic (as opposed to intughroeess of framing a
guestion, investigating the existing body of literature, identifyamg implementing a
solution, and concluding with an assessment of the outcome. The aawieors current
best practices for each of these tasks and concludes that implementaieseqgiractices
will achieve the dual objective of enhancing the professionalisiibidrianship and
improving student performance.

Eldredge, Jonathon. “Evidence-based Librarianship: The EBL Protéssaty Hi Tech
vol. 24, no. 3, 2006, 341-354.

This article describes evidence-based librarianship as tansgfic, five-step process:
framing a “defined, relevant, and answerable question”; resegrelvilable literature
and “authoritative” resources; analyzing the “evidence”; perfogma cost/benefit
analysis of prospective action plans; and assessing the outcomeffastiveness” of the
implemented action plan. To contribute to the formation of a body of lkdge for the

profession, the author proposes the collection and dissemination of evideecated by
its practitioners in the course of evidence-based practice.
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Gallagher, John, Kathleen Bauer, and Daniel M. Dollar. “Evidence-babearianship:
Utilizing Data from All Available Sources to Make JudiciousinPrCancellation
Decisions,”Library Collections, Acquisitions & Technical Servicesl. 29, 2005, 169-
179.

This article is a focused study of evidence-based practiceedpplithe management of
library periodical collections. The authors demonstrate a sgsitemethodology that

captures data from multiple internal and external sources dopulpose of identifying

cost effective management strategies and facilitatingseemaking in this area of
concern.

Social Work

Bruder, Mary Beth, Gloria L. Harbin, Kathleen Whitbread, Michael Homwers,
Richard Roberts, Carl J. Dunst, Melissa Van Buren, Cindy Mozaaraliid Glenn
Gabbard. “Establishing Outcomes for Service Coordination: A Step riloxadence-
based Practice,TECSE vol. 25, no. 3, 2005, 177-188.

Given the historical ineffectiveness of service integration, defasea coordinated effort
of multiple providers, resources, and agencies bearing on the needs giem client,
the authors explore evidence-based practices as a means of enhamcomes.
Drawing upon four national studies, the authors propose a set of aulei@utcomes of
practice to be employed as a “logic model” for assesgirgeffectiveness of service
integration. While aware that further studies are needed theecomplexity of service
integration attributable to multiple stakeholders and variables, shggest that logic
models, and by extension evidence-based practices, show some pramesédncing
the outcome of practice.

Crisp, Beth R. “Evidence-based Practices and the Borders of iDatae Global
Information Era,”Journal of Social Work Educatiprol. 40, no. 1, Winter 2004, 73-86.

The author argues that advancements in information technology tafi@cilthe
incorporation of evidence-based practices in social work. Thddeaserves as a primer
for defining and expanding the parameters of acceptable evidencdopraadsessing
available evidence and its suitability to the specific context of practice.

Gambrill, Eileen D., “Evidence-based Practice: Sea ChangtheorEmperor's New
Clothes?"Journal of Social Work Educatiorol. 39, no. 1, Winter 2003, 3-23.

The author methodically lays out arguments for incorporating evidessed practice
into social work. Challenges, according to the author, reside priycipaongst

practitioners resistant to change. Key changes include thei@d@btevidence-based
practices employed in other disciplines, and accepting the peliemt/as a key
participant in the decision-making process.
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McNeece, Aaron C. and Bruce A. Thyer. “Evidence-based PraatideSocial Work,”
Journal of Evidence-Based Social Warkno. 1 (2004), 7-26.

In this inaugural issue of a journal devoted to evidence-based sawikl the authors
describe the fundamental characteristics of evidence-baseticgras they apply to
social work. Consistent with the motivations of the journal, thelarsieeks to promote
evidence-based practice as a new paradigm that will enhance tbeneutf social work

services and, by extension, assert social work as a professitmiteg by rationalized

and empirical-based processes.

Software Engineering
Dyba, Tore, Barbara A. Kitchenbaum, and Magne Jorgensen. “Evidasee- Software
Engineering for PractitionerslEEE Software22, no. 1 (Jan/Feb 2005), 58-65.

The author turns to evidence-based medicine as a model for decisiamgrmakoftware

engineering, suggesting that the application of scientific tgaesi will minimize the

economic risks of software development and increase the quality ehthproduct. As
in other fields of endeavor seeking to adopt evidence-based pgdtie fundamental
methodology proposed by the author includes formulation of an “answegdstion,

investigation into available evidence, assessment of that evidspmeation of findings

to the specific context of practice, and a performance evaluation of theroaict.

Pfleeger, Shari Lawrence. “Soup or Art? The Role of Evidentiatd=an Empirical
Software EngineeringfEEE Software22, no. 1 (Jan/Feb 2005), 66-73.

A recurring theme in the literature on evidence-based prasticew to define credible
evidence for decision-making. The author proposes that software emnggneer
practitioners can strengthen their arguments for action by adarfour types of
evidence—tangible (documents such as lines of code or proceduresjomnést
(equivocal/probabilistic; unequivocal on direct observation), missing (doesccur in
testing), and accepted facts. The outcomes of this broad view ohesjdeccording to
the author, include more credible hypotheses and more effectiv@oteriaking about
product development.

Miscellaneous
Armstrong, J. Scott and Robert Fildes. “Making Progress in Fstiegd' International
Journal of Forecastingvol. 22, 2006, 433-441.

The authors discuss a divergence between evidence-based findinge\ating beliefs
among academics and practitioners, leading to resistance tangdepidence-based
practices in forecasting. They propose various methods to bridgen¢ary/practice gap
and overcome what they perceive to be a resistance to chahgeprdposals, premised
on the considerable influence journals maintain in the forecastsuypline, include:
more frequent publication of papers that contest current beliefsg wlisclosure of
experimental data to facilitate replication; and improved avétigbreadability, and
usefulness of journals. The authors also propose that evidence-basedstiag
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methodologies be incorporated into software and Internet-based odetiaking
products for wider access and enhanced functionality.

Aspinall, W. P., G. Woo, B. Voight, and P. J. Baxter. “Evidence-basedaxiology:
Application to Eruption CrisesJournal of Volcanology and Geothermal Researaii.
128, 2003, 273-285.

The authors promote evidence-based practice to improve the acctinasly analyses
over that of “conventional scientific’ approaches. The authorshe@t argument for
evidence-based practice in the context of rationalized problem-sqgivorgoted under
the broad auspices of Evidence Science.
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THE LATROBE LABORATORY EXPERIMENT

Eve A. Edelstein, Ph.D.

Summary

1. Literature reviews, the first stage in evidence gathering, progiteng and
compelling findings that suggest that a change in current liglatneh daylighting
practices are warranted.

Reviews revealed a great deal of evidence from scientiifites that suggest new
lighting strategies.

Specific literature reviews revealed a pervasive influeotdight on human
function, outcomes, and health risk.

While some of the evidence is rigorous and strong, and some is rebft a
anecdotal, there are compelling reasons for designers to morellggpedgram
and design around access to controlled daylight and electrical lighting.

Current understanding of circadian rhythms suggests that phealtyouilding’s
lighting conditions do not emulate the light that a body needs.

Short wavelength light (420-460nm) is indicated as the most effective
modulating melatonin related sleep and wakefulness. Broader asgbayht
white light) modulate melatonin responses, but require greater itgtensength
of time to be as effective as blue light.

Time of day, length of time, intensity, distribution and spectrumigsft+-all
interact to influence human responses.

2. The body has many circadian responses in addition to melatonin,oytliet may
be modulated by a different range of spectra. This has been little investmgaltze.

New wearable technologies enable architects to gather evidermaerational
built environments without intruding on users.

Field studies demonstrated the use of personal logging systemsedsure
circadian and photopic light, which can easily be used in mositectural
settings. Future development of micro-technologies will fa@litae- and post-
occupancy studies. (See Daysimeter, RPI).
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3. Controlled experiments can test ideas raised by the clientieigner, the literature,
or by users in the field.

The Latrobe laboratory experiment tested a concept put forwadédigners that
brief “light showers” may be a useful means to modulate ciacadesponses
when access to daylight is not feasible (due to architectural constraimisteclor
time of day).

The study demonstrated that the use of “off the shelf” lightiegices was
associated with stress related changes after only 5 minutes of lightesiomul

Heart rate variability measures during relaxation and workirgnany tasks
showed that brief exposure to bright light (with a blue peak) wkdece to
activation, as predicted by circadian research.

Red light was associated with significantly different respsnseHeart rate
reactivity changed appropriately with the situation. Variabivigs high during
relaxation, but reduced during memory tasks as appropriate.

4. Bringing together the literature reviews, IDM database, asllts from the
laboratory findings, new information based on trans-disciplinary appesa
developed.

Wearable micro-technologies for evaluating environmental conditmrsagdian
light levels and/or sound measures) and human measures (e.g.,, Garesac,
cognitive responses, satisfaction, medical conditions) could be usedalin r
operational or mock-up environments to assess the actual levaediefdual
exposure that occurs in each design and for each function (shift wdckopdars,
procedure rooms, etc.).

An IDM system could be used to relate the individual user, vishor saff
responses and outcomes to specified locations and designs.

Time series of measurement of light (and sound) conditions in particul
environments will add greater clarity to understanding the infei@f¢he design
on responses and outcomes.

5. The final stage in evidence-based design is to create a desgrentton based on
the principles developed from the literature reviews, experiménthhgs, and field
studies.

New lighting interventions could be tested in operational or mock-up
environments.
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Important outcome measures, including heart rate variability, in i@aldib
traditional survey and observation methods, could assess the influeribe of
lighting interventions.

Lighting interventions should reflect specific issues. A combinatiolighting
designs is most likely to meet such varied needs and should provides @oce
controlled daylight and individual task and circadian lighting that te
controlled per individual, role, and time.

The Latrobe Fellowship proposal committed to the inclusion of sdaemtiéthods and
physiological techniques as part of a trans-disciplinary approaekplore the influence
of architectural environments on human responses. The intention of atinebe.

Laboratory Experiment was to conduct a pilot study to explore hewigor of the

scientific method and physiological techniques might enhance thigyqaf evidence

available to designers. The premise was to apply rigorousodsethat might provide a
new means to gain information to better support design decisions.

The Latrobe Laboratory Experiment explored how architecture migloience human
exposure to light within built settings, and how light level and calaght influence
health outcomes. The laboratory results went beyond a pilot deatanst revealing
new measurement systems and statistically significanitseselating light levels and
cardiac health indicators. Heart rate variability is a s&esindicator of health status
and risk, and as such is important to all users of all built spades experiment showed
that heart rate variability decreased during brief exposure gbtbaihite light over the
course of the experiment, consistent with circadian activation.méee interesting were
the results that showed that heart rate responses were hggtificantly different in red
light conditions than in white light. Appropriate cardiac activati@s wbserved during
cognitive tasks, but cardiac relaxation during rest. Red lightarat/ been the focus of
circadian research, yet we are familiar with its rol@masndicator of time of day as the
sun sets.

In order to stretch beyond the laboratory into the realm of degpghcation, design
charrettes were held to discuss the potential impact of intnogldmgologically relevant
light levels on architecture and design. Field measurements seaiducted using the
new measurement systems to determine the actual light conditioascupied and
recently completed buildings. The information obtained was consideréefms of
principles that might guide design to better serve human conditidhese findings
suggest that there is much more to explore about the quality and yudritght that
should be introduced in built spaces. The results challenge us to lomkdbine typical
architectural and electrical solutions in order to better nmegban biological and
psychological needs for light.
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Experimental Approach

Scientific Methodology

The scientific method provides a successful model for investggabmplex questions,
such as the influence of built environmental variables on human psyidabl@mnd
physiological outcomes. The method defines how questions should bedfianthe
form of hypotheses that can be tested, and how data should be cdledtadalyzed to
demonstrate that the observations and measurements are relcbiate), repeatable
(reproducible), and meaningful (valid). By carefully controlling experimental design
and the environmental variables in the test setting, staligtsignificant findings can be
obtained from a relatively small number of subjects.

Comparison with findings from other rigorous studies provides a poweréalns to

demonstrate that the experimental results are repeatablehdyateliably reflect the
phenomena being studied, and that they are valid in the context of thérexpgeand

their application. The conceptual framework for applying such firsdraguires that the
results are conveyed with information about the context and limitabioine research so
that appropriate generalizations can be made. This approaclieiemlifthan practices
often employed in evidence-based design, in which the results afla skperiment or
case study are generalized beyond the levels that science would allow.

The scientific process begins with a definition of an observatiquaiiem, followed by
information gathering that informs the development of a testabée (olehypothesis).
The experiment is a cornerstone of scientific methodologydisfates a problem solving
process for testing the hypothesis. The process requires thetivebjpeasures be used
to gather data that describe a feature that exerts infl§grec&ndependent variable”) on
another feature (the “dependent variable”). It also requiress#tiat measures be used
that accurately describe changes that occur and that triggtrédie phenomenon being
studied. Experimental “rigor” is provided by using accurate, repeatatalechable (low
measurement error) methods. Following critical analysis ofitkdéngs, conclusions are
formed that can be used to develop new or more accurate hypotheded tel the
findings.

Critical analysis of the methods, validity, and applicabilityrd tesults is also required
for the success of the scientific problem solving process. dékign of the experiment
itself determines if data will actually (and accuratehgasure the features that are being
tested. The research methods chosen must be suited to thenl@aticonditions under
which the measurements will take place. Just as a singlgnddses not answer all
issues, a single research method does not answer all questionsful @asign of
experimental methods, location, and approach yield valid data.

Since valid scientific studies require that evidence is demonstrated tpdagaigle before
hypotheses are supported or refuted, and before generalizations &rd, apjs rare that
an intuitive thought or single case study will be used as proof, aricelyrihat a single
piece of research will inform all cases, hypotheses, thesesjptes or laws. Instead,
research relies on a very broad and deep information base.
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The complexity of a real-world environment introduces “confounding” fadtoait make
it difficult to determine the causal relationship between an envieatah feature being
manipulated and an outcome. Potentially confounding factors can be padiroy
controlling human variables (age, gender, vision, medical condition, number of
procedures, acuity, length of stay, etc.) and by studying a “lbsubject group and
providing a baseline for comparison with other human factors, e.g., awilgre, or
medical condition. Normal studies also provide “pilot data” needeshtov that the
experiment induces no harm, and proof of principle that the expeahrmaathods work.
Such information is typically required before an Institutional Revigoard (IRB)
approves the study of patients or staff. The study of normaldsligiso provides great
relevance to architects, as they describe the users of ¢ bange of architectural
types. Confounding environmental variables (noise, architecturalrésatindoor air
quality, etc.) can also be controlled by careful experimental studgrdesi

A myriad of novel technological and conceptual advances offers newtoppies to
incorporate  scientific methods. For example, neuroimaging and veareles
electroencephalography (EEG or brainwave) techniques are beidgausgplore how
cognitive maps are formed in subjects’ minds as they freely at@vigrtual and real
spaces. Heart rate responses can be recorded unobtrusivelycen esf¥ironments,
indicating changes in stress levels (Thayer et al., 2006). Usinog methods, new
information can be generated that addresses many designogsemtid problems that
have to date been impossible to answer in operational built settings.

The final stage of the scientific process requires veriboathat the application of a
design solution performs as hypothesized. The repetition of multipéstigations in
multiple sites, using multiple methods provides the evidence-bas®a fwvhich
specification of general principles and predictable performaritegiarcan be developed.
The scientific process discourages overstatement of resultsvergeneralization that
asserts causal relationships between environment and outcome. Asatabase of
information derived from repeatable, valid information grows, new desityiiions may
be generated and new trans-disciplinary methods developed.

Despite this requirement for repeated research, existingneé@dean be used while
waiting for additional findings and further understanding to develop. kéhes to apply
the findings carefully, respecting the extent of knowledge andtalions to its
interpretation. Indeed, this system fails when the scientiicgss is ignored, outcomes
are overstated, or incidents are unreported. Translational sgenddes an excellent
example of how knowledge at the bench may be carefully applied tetetopment of
discoveries and therapies (Edelstein, 2006).
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These basic principles of the scientific method ensure the valdieapplicability of

evidence-based design, even when the research team is workorgllibe strictures of
traditional scholarly research within one discipline and in the fbomaof a trans-

disciplinary design process. The value of evidence so acquired id bpasa an

understanding of the evidence-building process on the part of theipremtiwho must
critically assess the risks and rewards of applying the esedém a specific design
context as well as the direct relevance of the evidence to design decisions.

Experimental Design Process

The first stage in designing a trans-disciplinary experinoénelevance to clients and
designers involves defining topics that address real client isswkslesign challenges.
Next, the literature surrounding those topics is consulted to agsesxisting state of
understanding about the topic and the methods used to explore it. Basld on t
literature, a hypothesis is formulated that suggests the ordaip between the
environmental condition and human outcomes. The experimental design tsstihe
hypothesis must then be matched to the location available for exgueation. Certain
guestions can be best investigated if tested in controlled labprainditions, whereas
other questions can be addressed only in real world environments. dafieing the
topic, subject group, and location for experimentation, the methods for taking
measurements can be defined precisely. If experiments arectmtiected on humans,
ethics committee approval must be obtained and more rigorous stardiapted if
children or patients are to be tested.

An iterative process is involved, where the existing liteetlefines topics and methods
that could be studied. Appropriate locations and environmental conditionefaned,
and then the literature is again explored at a deeper level tisqlye design an
experiment that can be performed in the agreed location, witkedgtjects, and with
available techniques. Indeed, experiments should not be designed bpémiéc
information about the qualities of the setting, people, or technaygedefined, as many
conditions must be taken into account to yield accurate, reliable tabjgeand, hence,
valid findings.

Experimental Design

The Latrobe team adopted the general hypothesis that featureshafilthenvironment
influence human responses and outcomes. The hypothesis further absefiegtures of
the built environment influence humarological, psychological, and medical processes
that, in turn, influence measurable outcomes.

The Latrobe research team and the client representativesegathging many meetings
to define topics that address real client issues and desigrergedl The team
considered the influence of many built features on human responskeaiidoutcomes
that could be explored using experimental psycho-physiological tpegsi The issue of
color emerged as of particular importance to the client, who sdaginiderstand if the
many claims about the healing influence of color were borne ouh l®vidence-based
approach that considered both the health and culture of the users.
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An initial literature search on color and color preference was ctedi(See Edelstein,
Appendix: Color Perception & Preference), which demonstrated thaemus studies
have explored a variety of factors related to color preferenmssacultures, societies,
and individuals. Theoretical frameworks have categorized colorrpnefe in terms of
nomenclature, linguistic and semantic evolution (Hardin et al., 1999, 200&)ny
consider categorization to be a common property of human cognitiocoactude that
color categories help to facilitate recognition and influence eptual judgment.
However, analyses suggest that deviation from a uniform patterateforization may
be explained by physiological evidence that certain people magllgcperceive colors
differently. Since Gladstone began this controversy 125 yearsdagussion persists
whether the perception of hue differs by culture or biologicalrditye(Bornstein, 1975).
Therefore, the Latrobe team decided that it would make senssdarch physiological
and behavioral responses to spectrum rather than focus on applied dwdofollowing
literature search on light and lighting confirmed that this was a promisegneh focus.

The Latrobe Experiments

Together, the Latrobe Natural Experiment and the Latrobe Lalvprdixperiment
hypothesized that light (independent variable) influences health owc@hependent
variable). Based on initial literature reviews, the Latrola¢ubhl Experiment developed
a process to evaluate the influence of compass orientation on outcomeseans to test
the influence of solar lighting on health. The Latrobe Laboratory fitrpat, described
below, tested the influence of specific lighting levels on definadtthesk indicators and
cognitive function. An advantage of this narrowly defined laboragomperiment was
that the specific influence of the quality and quantity of light ¢chg evaluated, and
fewer experiments were needed to achieve high standards ofatapgatstatistical
significance, and validity.

The Latrobe Laboratory Experiment systematically altered amlg environmental
“independent variable” (light), in normal subjects in controlled lalboyatonditions.
The “dependent variable,” health (the feature being influenced) agasssed by
measuring cardiac responses known to be sensitive indicators tf hrdl health risk
(Thayer & Lane, 2007). In particular, heart rate variabiitys used as an accurate
(sensitive and specific indicator of health risk), repeatable, elngble metric. Brain
wave electroencephalography (EEG) was used as a measugniiveoactivity. Given
the sensitivity and specificity of such methods, statistical p@nmalysis anticipated that
a relatively small sample of subjects would have sufficiertisital power to yield
significant results.

Both the natural and laboratory experiments used disciplined appso&xhresearch,
while maintaining a focus on creating evidence that would be useéu architectural
context. The laboratory experiment utilized physiological andhmggical techniques
within the framework of a scientific method in conjunction witbht@ques from the
design process, including field studies and a design charrette, hypesheses about the
influence of light on human physiology. The measurement sgstised to test the light
levels for experimental conditions were applied to test the lakgid levels in real
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operational environments (post-occupied health care environments) ancorcppancy
settings.

Together, these studies identify how environmental conditions can dsured and how
human responses to those conditions are influenced. The findings and tedsocia
literature studies indicate how design of architectural andrielgicighting systems may

be adapted to best serve human outcomes, including cognitive fun(ieness,
working memory), physiological functions (heart rate variabilidy)d ultimate outcomes
(health status).

Literature Review: The Biological Response to Light
Eve A. Edelstein, Ph.D.

The Latrobe team decided that rather than focus on applied colayld investigate the
physiological and behavioral responses to light spectrum. The folidiwérature search
on light and lighting confirmed that this was a promising bodyeskarch based on
biological and medical investigations of human responses to the aolaght. The
review revealed evidence of a pervasive influence of light onthaatt human function,
and served as the basis for development of the hypothesis and design Laitrobe
Laboratory Experiment. The quality and quantity of light showmntlmence human
responses is markedly different to the commonly applied lightinglatds designed for
visual function (see LeSourd in Appendix; Rea et al., 2006).

Chronobiology

The influence of light on behavior, emotion, function, cognition, and heakhbban
reported in a large body of research that uses either naturédobrical light to alter
physiological and/or mental responses (Edelstein, 2006). The fielchrmih@biology
examines the cyclic, biological rhythms demonstrated by dlmibdiving organisms.
"Chrono" refers to time and "biology" to the study of lifea animals, many essential
biological processes, including eating, sleeping, mating, andilareltegeneration,
respond to diurnal and seasonal changes. Franz Halberg, commonly kriberifather
of chronobiology,” is credited with first coining the terms “ca@n” and “circannual
rhythms” to describe biological responses to diurnal and noctugiding. The term
“circadian” comes from the Latiairca for "around" andlies "day," meaning “around a
day.” “Circannual” means “around a year.”

Written record of the study of biological responses to lighesidack at least to the
1800s, when Mairan and Linnaeus recorded plant movement in response tiglatalg
changes. Charles Darwin’s work in the 1900s validated the biological respdiggte in
animals. A myriad of behavioral, emotional, and physiological aesgs are now
associated with exposure to electrical lighting, daylightimgli solar orientation. The
field has progressed through multiple generations of study, incltldéenovestigation of
endocrine changes related to electrical light exposures, suble asle of melatonin in
sleep and wake cycles. Seasonal Affective Disorder is nae@epted consequence of
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seasonal lighting and climactic changes, and electridal figerapies are being actively
investigated at major medical centers and by the National Agtiosaand Space
Administration. Epidemiological studies at the University ofifGalia, San Diego,
Harvard University, Brigham & Women's Hospital, and Harvard UsiterNursing
Study have explored the relationship between disrupted light patterns andriskacer

Complex networks of physiological systems form the biological Has¢kese responses

to light. Commonly known is the release of melatonin from centetbe brain that
regulate sleep/activity cycles. Many other cycles and respaom® affected, including
vasoactive intestinal peptide (VIP), which affects blood presandegrowth hormone.
Light also elicits release of serotonin, dopamine, and GABA in th&,bwhich are
associated with motivation, muscle coordination, and focus. In addition, iBght
associated with increased levels of corticotropin releasing dr@ngCRH), associated
with stress, gastrin releasing peptide (GRP), related to hungefpléald stimulating
hormone (FSH), related to reproduction. (For review, see Shanahan & Czeisler, 2000.)

Circadian Light

Circadian cycles can be modulated by a variety of external tw light is the primary
variable that aligns (or entrains) humans to diurnal and nocturnéidmmBy Although
decades of research have examined the influence of elecightihd on circadian
entrainment, it was not until 2001 that a new class of cellsligasvered in the retina of
the eye, thought to be “circadian” rather than visual receptoinss discovery renewed
research that explored the spectrum, intensity, and duration of hghtirtfluences
biological responses. Numerous studies have led to the development oféspsese
curves” to electrical light, which reveal peak sensitivity in bhee wavelength (between
420-470nm) for modulations of melatonin suppression that regulates sleepBregist
white light has also been demonstrated to be effective in modulatwegl, sleep, and
activity cycles (Ancoli-Israel et al., 2003).

The range of spectra that influence the multiple circadiaresgsis yet to be explored
fully. Although research has focused on short wavelengths in the bhge (@20-
470nm), a broader range of spectra is also associated with bibiegipanses (Revell et
al., 2006). Testing of red light has been uncommon, and many resedr@he@sssumed
that there is little to no effect of red light on the neuroendo@meircadian systems.
However, Hanifin and colleagues (2005) found that normal, healthyrisimgosed to
630nm and 700 nm elicited small reductions of plasma melatonin leVbése findings
are consistent with other studies that reveal the influencdafgawavelength light on
cardiac responses (Schafter & Kratky, 2006).

Complexities also exist such that when a monochromatic light sauth one primary
spectrum is presented along with another spectrum, interactionsefieur leading to
diminishedcircadian responseshus, Figueiro et al. (2005) demonstrated that melatonin
suppression was influenced by polychromatic light even when tmiance in the short
wavelength (436nm) was equal to monochromatic light of the samelevayh. Veitch

et al. (2006) noted that the claims made by those producing args#ilill-spectrum”
lighting are largely unsubstantiated. It should be noted that ‘hattsum florescent
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lighting” does not produce a continuous spectrum of wavelength power; dngtea
produces narrow spectral peaks across the range of light visilbhee eye. Ongoing
investigations are needed to more fully describe the rangeeatrapintensities, and light
durations most important to human circadian function.
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The Pervasive Influence of Light on Health

Biological and medical literature reveals many biologicahctions, diseases, and
disorders associated with lighting conditions. These are surveyaa. b8everal general
categories of knowledge are evident. First, basic scientiieareh yielded evidence
about physiological processes in animals that served as theftwasiscovery about
human biological responses to light. Recent discovery of a non-visual cell initlacofet
the eye led to research that defined a “circadian” receptoreeponds only to slowly
changing light, and directly innervates the part of the bitzam synchronizes circadian
rhythms. Secondly, human studies evince the nature of circadian and circagtiuabr
in normal subjects. These data reveal that cardiac rhythmss séndocrines, hormones,
growth and aging, and developmental, cognitive, and emotional resperbdst
circadian patterns in normal individuals. Thirdly, the medical emdebase reveals
diseases and disorders associated with disruption of circadiatirc@nnual light
conditions.  For example, hypertension may be related to the disrupt normal
diurnal conditions. Cancer risk may be associated with light inddesdiption of
melatonin production, which is implicated in the control of cancer ¢rovEmotional
and behavioral disruption has been associated with seasonal lightmgesha climatic
conditions where natural solar light is insufficient to maintaioldgical rhythms.
Finally, therapeutic studies explore the use of electrichtitig to modulate circadian
responses and ameliorate the consequences of circadian disruption.

A number of examples from human and medical literature are supathan the text and

in Table 4 below. It should be noted this table comprises a plsstialA search of a
single database (PubMed MEDLINE) uncovered over 68,000 articles on chraggbiol
and over 37,000 papers specifically on humans. In order to apply theke uvsing a
scientific or evidence-based approach, critical analysis of tedegs must include
evaluation of the strength of evidence. The confounding influence of other
environmental, individual, or methodological conditions must also be anabgfede
global generalization or application of the findings.

Research Methodologies and Validity

A great number of the experiments reviewed were conducted in laboratoriesréfialiy
control conditions and systematically change only the light patersn Such controlled
study yields greater repeatability and reliability, and suppesdtgr understanding of the
causal relationship between light and outcome (greater inteafidity). For example,
investigations that focused on suppression of sleepiness were conguotedly at
night, when the influence of light on melatonin is at its strongé#hough light is the
principal circadian stimulus, other factors can influence rhythot$ as social sounds of
traffic or people as they function within a typical work day, theels of meals being
prepared at typical meal times, and the change in temperatuetouas over the course
of a day and night. Therefore, chronobiology laboratories are dgrefulstructed to
exclude such variables.
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However, if lighting solutions are to be useful in healthcare andr @ttehitectural
environments, they must also have great “external validity.” Thahe performance
characteristics of light that have been shown to be effectivelabaatory experiment
must also be effective in real-world situations. The evidenese baust also include
research that defines the performance criteria of lightareeffective both at day and
during the night, looking beyond the influence of melatonin at night, toidmmsn
addition, many other hormones, biological, and functional systems tleatesisond to
light. In summary, if research is to be broadly applicablenust support lighting
strategies that enable users to continue their work, routines, dmdiuses while
obtaining appropriate light exposure.
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TABLE 1:
The Pervasive Influence of Light on Health and Human Function

The categories below represent a partial list of human responsgisttoGiitical analysis of the
research details provides the foundation for understanding the causahsgli@ between light
and outcomes, and is required before the generalizations and applicatioslare

Stress, modulation of cortisol/ tress hormones
Heart disease & hypertension

Melatonin responses
Sleep/activity/feeding cycles
Cancer

Basal metabolic rate, protein synthesis, and thyroid responses
Growth
Aging responses

Hormone function
Obstetric

Neonatal responses

Ophthalmic development and health
Hyperbilirubinemia and kernicterus
Long-term visual function in NICU graduates

Gastro-intestinal conditions
Diabetes

Neural immune responses
Inflammation and autoimmune disorders

Brain development and function
Ataxia, neuropathy

Concentration

Alertness

Attention deficit disorder
Working memory

Psychological and psychiatric conditions
Decreased memory, dementia
Depression, emotional labiality
Seasonal Affective Disorders

Pain
Perception and self-report of pain and pain management
Medication rates relative to lighting dosage and length of stay
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Survey of Evidence

Windows

Ulrich’s seminal paper, which reported findings from a retrospediudy of 46 patients
recovering from abdominal surgery, revealed that patients with wséking a view of
trees had a shorter length of stay and better emotional wed;bend used less pain
medication than patients with windows looking onto a brick wall. Wik study was
not designed to determine which parameters of daylight or viere vof greater
predictive value, several studies cited below suggest tieasado light is important to
health and well-being (Ulrich, 1984).

Circadian Rhythms and Health, Disease, and Disorders

Circadian cycles influence health and performance, including satystib drugs and
stimuli, hormone secretion, sleeping, feeding, and performance,ssingginat a change

in circadian rhythm could mediate many clinical symptoms. Themituitary-thyroid

axis maintains a 24-hour thyroid functional cycle and is crificabasal metabolic rate,
protein synthesis, brain development and function, sleep apnea, ataxiapatby,
insomnia, decreased memory, concentration, and neuropsychiatric syndromes
(depression, attention deficit, emotional lability).

Pregnancy, Childbirth, and Lighting

The regulation of the immune system by estrogens is of particuiportance during
pregnancy, as it plays a role in suppression of maternal immupenses to prevent
rejection of the fetus. Even transient hypothyroidism in pre-iafamts is associated
with an increased risk of cerebral palsy and impaired mentala@Ement, and the
growth of newborns, infants, and adolescents is particularly responsivéhe
somatotropic system’s control of metabolism and organ growth. BétRHsand
somatostatin are released in a 24-hour cycle and are strasglgiated with slow-wave
sleep (Squire, 2003, p. 1039).

Several clinical studies show an association between mattrass and pre-term labor
(Jansson & Holmdahl, 1998). The opportunity to reduce maternal stresdagrpre-
term delivery by access to daylighting, or controlled elealrlighting that modifies
circadian rhythms and associated hormonal fluctuations, warrants furthgtigatien.

Mood and Seasonal Affective Disorders

A considerable number of studies have explored the use of lighting yherapprove

outcomes for patients with mental or seasonal affective disorderandom controlled
trail showed that bipolar patients in sunny rooms stayed an aver&gg/oflays shorter
than patients in dull rooms overlooking spaces in shadow (Benedettj 20@1). The
absence of daylight in windowless hospital rooms is associatednegative effects on
patient satisfaction and high rates of anxiety, depression, amiumeliKeep, 1997).
Other studies support differential effects of morning versus egdight treatment and
the effectiveness of electrical lighting parameters irating patients with winter
depression or Seasonal Affective Disorder (Glickman et al., 2006).
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Pain

A randomized prospective study showed that perceived stress and pain atecktcethe
intensity of sunlight in 89 patients undergoing elective cervical lantbar spinal
surgery. Post-operative exposure to sunlight in bright hospital rocaes4®26 more
intense (p=.005) than in dim rooms in the same hospital unit. Patiguisesl to an
increased intensity of sunlight experienced less perceivessgfp=.035), marginally less
pain (p=.058), took 22% less analgesic medication per hour (p=.047), akd %taldss
pain medication costs (p=.047) (Walch et al., 2005).

Circadian Regulation of Immune Responses

Autoimmune disorders, heart disease, and diabetes also have aaniraatiponent, and
disruption of circadian rhythms modulate growth, reproductive and endsystems,
including those associated with aging and immune responses (Maestroni & Conti, 1996).

Cancer Risk

Of importance are studies indicating a relationship between noctlighd) sleep
duration, or night shift work and increased risks for cancer (Hansen,.2@@yens
(2005) notes that the first speculation that light at night migtrease risk of breast
cancer in women was by Cohen et al. in 1987, and the relationship betftemork
and increased risk was noted by Stevens et al. in 1992. Though causality remai@s elus
empirical evidence increasingly supports the hypothesis thatrhigkeof breast cancer
in industrialized countries is partly due to increased exposuregtd At night.
Continued, rigorous empirical inquiry into the clinical implicationdigtiting and health
is highly warranted at this time (Jasser et al., 2006). SteawrehRea (20013uggest that
electrical lighting standards, in comparison with sunlight, provitgufficient light
qguantity and quality during the day and too much lighting at night taceglcircadian
stimuli. They suggest that electric lighting as currergiyployed contributes to
“circadian disruption,” and may be an important cause of “endocringpdisn,” thereby
contributing to health risks in industrialized societies.

The consequence of modern lighting conditions should also be consideosdext avith
the lack of true darkness experienced in modern society. Téei@n system is very
sensitive to light at night, and in many settings or jobs saoghé hay be present at all
times (Figuerio et al., 2005). In addition, the level and spectruhgldf experienced
during the working day is unlikely to meet the physiological exiexts of daylight
conditions and may fail to entrain the body’s responses. It couldidé¢hsa industrial
societies have been working under conditions of “inadequate” daylightioe cfbaces
for over approximately 50 years, and have lit the night sky for at leagash@5 years.

Performance and Medical Error

Lighting levels have also been related to error rates and pericen A number of
studies have examined the influence of environmental factors ssichglating,
distractions, and interruptions on medical errors in dispensing meutesdriptions. A
seasonal pattern of medication errors related to daylight and darkoers was also
reported in Alaska (Booker & Roseman, 1995). Results from themplogr study
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strongly suggest reduction of prescription-dispensing error ratds refiatively high
lighting levels. Medication dispensing error rates were sagmifly lower (2.6 percent)
at an illumination level of 1,500 lux (highest level), compared toreor eate of 3.8
percent at 450 lux (Buchanan et al., 1999). The relationship between lightingtaff
performance (Rajaratnam & Arendt, 2001), health, and satisfattionghout hospital
units should, therefore, be thoroughly investigated (McColl & Veitch, 2001).

EEG and Alertness

Light exerts acute alerting response as assessed by aaaduadine incidence of slow-
eye movements, a reduction of electroencephalography (EEG) actititg theta-alpha
frequencies (power density in the 5-9 Hz range), as wellradwction in self-reported
sleepiness (Cajochen et al., 2000). Chapotot et al. (2000) demonstrateecérmainal
EEG high frequency powers (22.5-44.5 Hz) decreased at the time ofitfafternoon
vigilance dip (14.00-17.00 h), along with slight concomitant increases iatglagalpha
(7.5-13.5 Hz) and delta (1-3 Hz) powers. A slow ultradian rhythm wiB8i4ahour
periodicity strongly modulated EEG power in all frequency baretsveen 1 and 44.5
Hz. The high frequency waking EEG may well reflect theviag of a brain arousal
process underlying maintenance of the waking state, probably thrdutjieo@4-hour
cycle. Distinct circadian variations of EEG activity in tiheta band and in the high-
frequency alpha band may represent electrophysiological correlatétecgnt aspects of
the circadian rhythm in arousal.

Skene and Arendt (2006) and Revell et al. (2006) examined acute sabpdettness
levels in response to three different short wavelength (blue) pigises (420, 440 and
470 nm) and to 600 nm (red) light. Healthy male subjectd?) were exposed to a
single 4-hour light pulse after 3 days in dim light. Subjective nmeratl alertness were
assessed at 30-minute intervals during the light exposure, revaaliggificant effect of
duration of light exposurep€0.001) on alertness, but no significant effect of subject.
Compared to 470 nm light, alertness levels were significantly high&20 nm light and
significantly lower in the 600 nm lightp€0.05). These data suggest that subjective
alertness may be maximally sensitive to very short wavdiendight
(420 nm>470 nm>600 nm).

Cortisol, Alertness, and Light

Stress hormones, such as cortisol, also change rhythmicallgiuwrnal cycle, and have
been shown to respond to light stimuli. Chapotot et al. (1998) describmoral
coupling between cortisol release and central alertness, astedflin the waking EEG
beta activity. Bright white light presented in the early morniaiger enforced
wakefulness induced an immediate elevation in cortisol and reductimelatonin that
was more effective than light presented in the afternoon.

The advent of independent component analysis of EEG responses, combined with
recently developed, non-invasive measures of stress biomarkers, feosvaoimeans to
test the relationship of hypothalamo-pituitary-adrenal axivigctas it is related to the
alertness level during wakefulness, and the inter-relationship with cognition @tihd he
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Cardiac Responses

It has been demonstrated that even brief exposure to changg#imglinfluences heart
function, a sensitive indicator of stress and health risk (ScBaknatky, 2006; Thayer
et al., 2006). For example, Thayer and colleagues (2006) recently deatemhghat
physical features of workplace environments, including electrical day lighting
changes, were associated with modulation of day/night differentebeart rate
variability. Heart rate variability (HRV) is stronglgsociated with health and mortality
(see Thayer & Lane, 2007). Interestingly, heart rate véitialvidicates flexibility in the
brain’s control of the heart, and broadly reflects cognitive andvioeiaa flexibility. For
instance, individuals with certain psychiatric disorders also exlomitHRV (Thayer &
Lane, 2000). HRYV is also associated with control of attention eHdegulation of
behavior (Thayer & Friedman, 1998). Finally, several studies havatedithat HRV is
significantly reduced during sustained attention or vigilance (gtaes al., 2003, 2004).
Schafer and Kratky (2006) demonstrated heart rate variabilitygelsaoccurred within
10-15 minutes of colored fluorescent illumination in a light on /darkness protocol.

Lighting as an Environmental Stressor

Of particular interest is evidence that stress levels esponsive to light conditions.
Stress is an important health risk indictor and of great importengetients whose
health is already compromised. The association between staedi®ce and healing
(immune and inflammatory) responses is now well documented (Stgynd@o3).

Indeed, the influence of stress on health is also of grgadrtance to all users of all
architectural environments, including the medical team attendinmatients and clergy
ministering to those in crisis, as well as office, education, audofy workers.

Residential and hospitality architects respond by striving to teresdress-free
environments.

The exact relationship between stress, attention, and lightinditons remains to be
explored, and forms the basis for the Latrobe experiment. Madiestshow that stress
responses change rhythmically with diurnal modulation, and yet ouremwitonments
provide constant, non-cycled light settings. The relationship betwelendigl health
outcomes is most important in healthcare environments, where thaaties between
stress and healing is of vital concern.

Circadian Lighting

Based on some of the evidence cited above, it has been suggeistld h@oduction of

brief “light showers” might provide a means to modulate circackaponses (Figuero et
al., 2006). Such solutions will be particularly useful in built enviramsievhere the

climate or architectural configuration limits access to adegoatural circadian lighting
(e.g., compass orientation, interior spaces, etc.). A number oéstooinducted in real-
world situations show that brief exposure to individual lighting devaaes assist in

modulating sleep patterns and behavior (Ancoli-Israel et al., 2003).
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The Latrobe Laboratory Experiment: Results

Eve A. Edelstein, Ph.D (Neuro)

Principal Investigator, AlA College of Fellows, 2005 Latrobe Fellowship
Division of Biological Sciences, University of California, San Diego
Academy of Neuroscience for Architecture

Robert J. Ellis, John J. Sollers Ill, Ph.D., Julian F. Thayer, Ph.D.
Department of Psychology, Ohio State University, Columbus

Ruey-Song Huang, Ph.D., Tzyy-Ping Jung, Ph.D., Scott Makeig, Ph.D.
The Swartz Center for Computational Neuroscience, University of California, San
Diego

Experimental Design

In keeping with the trans-disciplinary, evidence-based model outlmetiel Latrobe
Fellowship proposal, the Latrobe Laboratory Experiment was desigrirelevant to a
broad range of architectural settings and users. Further,utie whs designed to use
rigorous scientific methods and physiological techniques thattolggcmeasure human
physiological and cognitive responses. A further goal was togeawmiiginal evidence
that might assist in the development of lighting strategies within builhgett

To meet these goals, a laboratory experiment was designed dmabedliterature, to test
the hypothesis that brief “light showers” might influence siréssgue, and cognitive
function. Electrical lighting solutions were investigated, givbat tadequate solar
lighting is not accessible in all geographic locations or achital sites, and, in any
event. is not available for night staff. The outcome of this reearrelevant to all

people, in all architectural environments, whether they be patiefitse workers, or

other users or providers, since it addresses universal human needsléber biological

and behavioral responses to light.

Multi-Site Study

A multi-center study was conducted, utilizing the unique expertisadf center to study
the influence of light on mind and body. The specific objective of the study condticted a
the Department of Psychology, Ohio State University, was to cangidenfluence of
light on heart rate variability. Testing took place during thengpand during daylight
hours. A parallel study was conducted at the Swartz Center for Catiopal
Neuroscience, University of California, San Diego, to asdessnfluence on cognitive
responses measured via electroencephalography (EEG) and indepeocgaunent
analysis of the brain waves (Makeig et al., 2007). Testing took jplaing spring and
during night hours. Controlled laboratory conditions were used to nzimiexternal
light and sound. With the door closed and lights turned off, both rooms hadelrghs
less than 15 lux during the day and night.
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Light Stimuli

Both laboratories used two separate LED light sources (Lightbook)emiténg light
with peak spectra at 600 nm (“red light”) and the other emittinighbmvhite light” with
a peak in the blue range. Light intensity was recorded by atrapeadiometer
(Daysimeter, RPI, Troy, NY). Both red and bright light levels were gdtbw damaging
levels (i.e., outdoor sunlight reaches approximately 100,000 lux).

Light sources were positioned on a small table approximately 2@snio front of the
subject, and angled upward 45 degrees in the vertical plane and gaivardubject’s
head at 45 degrees in the horizontal plane. The bright light wédmee mubject’s left and
the red light on the subject’s right. Lights were turned on antyofhe experimenter in
an adjacent room. Subjects responded to tasks via keystrokes on a cdwapobard

(Figure 1).

Legend: Separate portable LED light sources produced red with a wavelength and
bright light [with?] a wavelength, with a peak in the blue range
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Procedure

Four different lighting conditions were presented in a controlledréory test room: 1)
florescent lighting, 2) darkness, 3) bright white light with a peathe blue spectrum,
and 4) red light. Recording began during a baseline period in fioresght of 5-15
minutes. Thereafter, 15 minutes in darkness allowed for dark adapfatiowed by the
first light condition (bright or red) for 15 minutes. A second pewbddlarkness (15
minutes) followed, and then the second light condition (red or bright) was presehted. T
total length of time was approximately 75 minutes. Psycho-ploggcal measures
included a mood survey, a 2-back working memory task (OSU) or agirsimulation
fatigue task (UCSD), and electrophysiological measurementardfac (OSU) or brain
wave (UCSD) responses. Heart rate variability or EEG weasrded continuously
throughout the experiment.

Subjects and Inclusion Criteria

Heart rate responses were studied in a group of students at @teoUsiversity, and
electrophysiology was studied in a group of students from the NewSof Architecture
& Design, San Diego, and testing took place at the University ifo@aa, San Diego.
All volunteers who consented to study according to the institutiorpéss were at
least 18 years of age and reported no hearing dysfunction, cimidndxss, low vision or
cardiac dysfunction. Subjects were non-smokers and abstained from alooy®!, and
caffeine 24 hours prior to the experiment. These criteriasableshed because of the
complicating effects nicotine, caffeine and alcohol have on cardiorespipdtgsjology.

The Effects of Light on Heart Rate Responses

Objective

The experiments examined changes in cardiodynamics in resjootvge different light
conditions: red and bright light. Heart rate variability wakected as a measure because
it can be readily recorded in operational environments withoutfenitey with people’s
activities or rest. As such, the experiment would provide a proofrafiple that cardiac
monitoring could become a useful addition to an architect’s tool kisedan circadian
literature, we predicted that the bright light would keep subjectiaroused state and
would be associated with an overall reduction in heart rate vayalkiflore importantly,

we looked for a change in heart rate and variability patterh wiwauld indicate a
situationally-appropriateresponse: that is, diminished variability and faster inter-beat
intervals when the subject was engaged during the memory task biifeositting still.

We looked for a difference in responses during the red light condrgrsus the bright
light condition, again because of the arousal-inducing properties of the bright light.

Participants

Sixteen Ohio State University undergraduates (8 female, 8) mpalticipated in partial
fulfillment of an option for course credit in an introductory course yctipslogy. All
participants were non-smokers, were drug-free, and were askediddath alcohol and
caffeine in the 24 hours prior to participation.
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Time Periods

After a 15-minute dark adaptation (ambient light less than 15 lukgrahe red or bright
light was turned on. The order of light conditions was counterbalaaeds subjects:
approximately halfr§=7) received the bright light first, and the othersfq) the red light
first. After sitting quietly for 6 minutes with the light on, subjectsfpened a 4-minute
cognitive task (auditory 2-back working memory task) that had besmopisly shown to
reduce heart rate variability (Hansen et al., 2003, 2004). Having camgptbe task,
subjects sat for 5 minutes in a recovery period. After anotheridtenperiod in the
dark, the alternate light was turned on and the process repeatedduiation of the
experiment was approximately 75 minutes.

Working Memory Task

During the auditory 2-back task subjects identified a “target” comsah& was heard
two constants previously. Subjects pressed one key on the computamiis, and a
different key for “non-targets.”

Cardiography

Impedance cardiography provides especially sensitive indicé® aictivity of the heart

in real time. The physiological recording technology is widelgd in psychophysiology
labs across the country. Electrodes were placed at seesrositthe torso. Data were
analyzed using the suite of MindWare Technologies Signal Processing atjopi&c

Data Analysis

From each subject, seven time windows of data were analyzétigtiteon,” “task,” and
“recovery” periods of both light conditions (red, bright), as wslttee initial baseline in
fluorescent light. HRV was analyzed in the frequency domain usif@st Fourier
transform of the inter-beat interval series. The IBI sewas subjected to a Hamming
window for high frequency (HF) power. MindWare's automatic outlietection
algorithm highlighted potential noise, which was manually removedraplaced as
appropriate. Within each measure, a subject’s baseline levedstinan subtracted from
the remaining values, creating reactivity scores to control for individuateliftes

Statistical Analysis

Both high-frequency heart rate variability (HF-HRV) power aBtidhange scores were
analyzed using a (2 3) repeated-measures analysis of variance (ANOVA), withtLig
Condition (red, bright) and Period (Light on, Task, Recovery) as facitws squared
correlation ratio statistic f) is reported, which is the proportion of variance uniquely
explained by a specific effect (Keppel & Wickens, 2004). Becafifigis, 2 values are
more intuitively meaningful thaE andp values, with the added benefit of providing a
more “practical” indication of the importance of an effect.
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Results

Figure 2 plots high frequency heart rate variability in teohpower reactivity as a
function of Light Condition and Time Period. The higher the HF powestirgty, the

larger the parasympathetic influence on the heart. Figure 4 plgisbeat-interval
reactivity as a function of Light Condition and Time Period. Thehdrigthe IBI

reactivity, the slower the heart rate, again indicating greater papasiyetic activity.

By visual inspection, differences between responses in reddiging rest versus the
working memory task are clear. During bright light, a constawellof heart rate and
inter-beat-interval reactivity is observed. Using a planned cosgoaon each ANOVA,
a significant quadratic trend was present in the Red Light conditiboth the HF-HRV
power reactivity and IBI reactivity. By contrast, quadraticndi® were absent in the
Bright Light condition in both measures. Effects for Period, Lighmdition, and their
interaction were not significant in the HF-HRV reactivityNAVA 3). While the latter
two effects were significant in the IBI reactivity ANOVAhey still had hadh?s < .03
(Figure 3).
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Figure 2. High Frequency Heart Rate Reactivity as a Function of Light Condition and
Period.
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Legend: Heart rate variability during red light exposure was situationally appropriate,
showing significantly greater in baseline and recovery periods than during bright light,
and during the working memory task. Bars indicate £1 standard error of the mean.
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Figure 3. Inter-beat Interval Reactivity as a Function of Light Condition and Period.
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Legend: Inter-beat interval reactivity also revealed a significant differenwecea

cardiac responses in red and bright light and displayed a similar pattern of situationally
appropriate activation during working memory in red light. Bars indicate £1 standard
error of the mean.
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The Effects of Light on Brain Wave Electroencephalgraphy (EEG)

Participants

Six right-handed adults (3 female and 3 male students from the dldewiS of
Architecture & Design) with normal or corrected normal vision pravideformed
consent to participate in this study. Two subjects completedf-aostrolled study of
EEG as well as fatigue responses. Subjects arrived intthaftarnoon or evening, sat
on an office chair with armrests in front of a 19-inch CRT monitod performed a
computerized driving task that evaluates fatigue. Subjects rdpeatébility in their
fatigue levels before starting the experiment. All reported they had avoided caffeine
for 24 hours before testing.

Methods

Brainwaves were non-invasively recorded using 256 electrode adactephalography
(EEG) surface sensors in an elastic cap placed on the headighthey protocols and
procedures were the same as noted above. Bright white lightvkilhe peak and red
LED panels were installed on the left and right sides, reségtin front of the subject
(Fig. 4). Lighting conditions were altered every 15 minutes infolewing order:
Florescent Dark Red Dark Bright Dark  Florescent. In one group, the
order was reversed, with subjects receiving bright light before the red lig

During each light condition, subjects continuously performed an automavathdask
that has been shown to effectively track drowsiness responsessdéreaction time
and brain wave response. Independent component analysis techniques, developed a
validated at UCSD, were used to extract Theta and Alpha wawgyaot the occipital
(visual) and somatomotor (body movement) regions of the brain. Drivitg was
measured by absolute deviation from the previous cruising position, butyntiteb
absolute distance from lane center. Single trials and thelespmnding EEG epochs
were then sorted by this error measure, which also correlagatly with reaction time,
the interval between deviation onset and response onset. Loweorestwrter reaction
time generally indicated that the subject was alert, whilednigrror and longer reaction
time indicated loss of vigilance or fatigue.

EEG Data Acquisition

256-channel EEG/EOG/EKG signals were recorded at 256 Hz usingS&rBi system

from two subjects, 070404ZC and 070405EF. The subjects’ responses and driving
trajectory were also recorded in-sync with the EEG acquisitimtesr. Maximally
independent EEG processes and their dipole source locations were dhisimg the
EEGLAB toolbox. ICA finds an “unmixing” matriXyV, which decomposes or linearly
unmixes the multichannel EEG data.
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Independent Component Analysis (ICA)

Maximally independent EEG processes and their dipole source locateasobtained
using the extended-infomax option of runica algorithm from the EEGtodBox. ICA
finds an “unmixing” matrix,W, which decomposes or linearly unmixes the multichannel
EEG data,x, into a sum of maximally temporally independent and spatiallgdfix
componentss, whereu=Wx The rows of the output data matrix,are time courses of
activations of the independent components. The ICA unmixing matrix raased
separately for each session and subject. Initial learningwase 1¢%; training was
stopped when learning rate fell below10To speed up the training processes, the 232-
channel dataset [070405EF] was reduced to 100 dimensions using principal component
analysis (PCA) before the training of ICA unmixing matrix. 1D@ependent
components were obtained, and some of them were identified as accdantioligks,
other eye movements, or muscle artifacts. Several non-artifecponents showed
event-related dynamics in various frequency bands that wereldoked to different
phases of the drift events. Time-frequency analysis of brainndgeafor a visual
component with equivalent dipole sources located in lateral occipaexc and
somatomotor cortex were analyzed under different lighting conditions.

Event-Related Spectral Perturbations (ERSPS)

Time series in each epo&hwere transformed into time-frequency matff,t) using a

1-s moving-window fast Fourier transforms (FFTs). Log power spect@aestimated at
100 linear-spaced frequencies from 0.5 Hz to 50 Hz, and then were lizednhy
subtracting the log mean power spectrum in the baselinalgwiation) periods for each
group (lighting condition) of epochs. Event-related spectral pertarb@8RSP) images
were obtained by averagimgtime-frequency matrices of epochs under the same lighting
condition,using:

ERSF(f,t):% ri|Fk(f,t)|2 (1)

ERSP images were constructed to show potentially significant specttalbya¢ions (log
power differences) from the mean power spectral baseline (p < 0.01, notexbfozc
multiple comparisons). Significance of deviations from power spectralilaseds
assessed using a surrogate data permutation method. In the resulting BB&S, imon-
significant time/frequency points were colored green.
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Analysis of Performance

In total, five subjects maintained baseline levels of alertn@s® subject who arrived
reporting extreme fatigue did not maintain starting alertness levels.

The figures below show little change in vehicle trajectory dker75 minute session.
This subject reported feeling alert at the beginning andeaetid of the experiment.
During a 75-minute session [Subject 070405EF], 1108 drifting events (biads)red
(Figs. 4, 5). This subject was nearly alert during the entire session.

Figure 4. Maintenance of Alertness
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Legend: Trajectory in a 75-min (4500 s) session [070405EF].



Figure 5. Mean Reaction Time (Per Minute) under Different Lighting Conditions
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Legend: Reaction time remained roughly similar throughout the 75 minute session

[070405EF].
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In another subject, [070417TT], 1009 drifting events (trials) occurred.(Big7). The
vehicle trajectory indicated that subject TT became drowsy anbeh@urb or drove into
the opposite lane several times. Fig. 6 shows that the perforrolaaeged in different
lighting conditions. Errors increased intermittently during reghtli but reached and
maintained at high levels in the second dark condition. In the subseqigitlight
condition, errors increased, and then decreased to baseline lteelsriaf exposure to
bright light. Interestingly, in the final dark period that ocedriafter the bright light
exposure, a brief period of increased error occurred but did nostpergen though it
was the final episode in a lengthy experiment conducted at night after ayfoll dark.

Figure 6. Fatigue and Loss of Alertness
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Legend: Trajectory in a 75-minute (4500 s) session [070417TT].
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Figure 7. Time Course of Mean Reaction Time (per Minute) under Different Lighting
Conditions
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Legend: Changes in alertness during different lighting conditions [070417TT].
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Analysis of EEG Responses

Baseline power spectra under different lighting conditions

In total, the representative training dataset [070405EF] containshaBaels of 872 (out
of 1108) by 6-s epochs of clean EEG data. Figs. 8 and 9 show avpoagedspectra of
epochs under different lighting conditions in a lateral occipitau@l) component and in
a somatomotor (body movement) component, respectively.

Phasic Brain Dynamics

Brain dynamics at a small time scale (~1 s) were albserved. Alpha brainwave power
was suppressed briefly after deviation onset, then increased st(ehflyB) just before
the subject released the key. This transient (1.5-3 s) alpha rebatindy awvas
consistently observed during all single events, regardless of lighting conditions

The latency of alpha rebound was linearly correlated with izatime (first response
onset) in the first four groups. During high-error periods (80-10086prolonged
suppression in alpha power was observed before response onset, followedlpha
rebound that lasted for a few seconds (not shown).

Subject EF [070405EF] did not show behavioral fluctuations in alertness lewveer
different lighting conditions. However, the power spectrum bassliogved increased
theta brainwave activity in the lateral occipital component unce-fight” condition,
relative to bright light and dark light conditions (Fig. 8). Figurgh®ws that theta and
alpha waves vary little during different light conditions (red, bright, and dasknes
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Figure 8. Power Spectrum Baselines of a Lateral Occipital Component infferent
Lighting Conditions.
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Legend: The dashed lines indicate theta band brain wave power. Theta power during
red light (red line) was greater than during bright (blue line) or dark (gray lines) lighting
conditions [070405EF].
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Figure 9. Power Spectrum Baselines of a Left Somatomotor Component under Different
Lighting Conditions
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Legend: Alpha and theta brainwaves from the somatomotor component are similar
during all light conditions (red, bright, and darkness [070405EF].

Interpretation of Results

Recently, Jung et al. (SFN Abstract, 2007) reported EEG dynaiuigosy the transition
from alertness to drowsiness during the same driving experimamtsn a realistic
dynamic virtual-reality (VR) based driving environment that pdeses a 360° VR
highway scene and a driving simulator on a 6 degree-of-freedom muoltiorm.
Fifteen healthy subjects (ages 18-28 years old) participatedmparable, 1-hour, lane-
keeping driving tasks while their 33-channel EEG/EOG signals anthgrbehavior
were simultaneously sampled and recorded at 256 Hz. EEG dataardifiact removal,
were processed by independent component analysis (ICA) and éqeefrcy analysis to
assess EEG correlates of cognitive-state changes. In ghaly, an independent
component with equivalent dipole sources located bilaterally in lade@pital cortex
exhibited monotonic alpha-band (8-12 Hz) power increase during thetitnanfsom
alertness to slight drowsiness, but monotonic decrease duringuisgion from slight to
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extreme drowsiness. On the other hand, the theta-band (4-7 Hz) power of the component
increased monotonically during the transition from alertness to sght extreme
drowsiness.

Makeig and Jung (1995) observed pre-stimulus increase in theta-ba&dpidt to
lapses in an auditor target detection task. Their study confirmedugther quantified
early reports (e.g., Davis et al., 1937), most notably a 1962 stullyilbgms et al. in
which this phenomenon was seen in EEG tracings of some subject8@ft@urs of
sleep deprivation. Beatty et al. (1974) also reported “detectitcieaty of human
observers deteriorates rapidly in monotonous monitoring tasks; this @ffe vigilance
decrement) has been associated with increased theta bandtyadt the
electroencephalogram.”

Conclusions

Based on the analyses of heart rate reactivity, we cantktdteven brief exposure to
light can modulate typically observed patterns of physiologibainge. The response
pattern in red light is consistent with flexibility in adaptirmgchallenges and changes in
the environment, and with an ability to conserve energy resouroemed llight, higher
heart rate reactivity scores during the “light on” and “recgvperiods reflect relaxation,
while reduced reactivity during the memory “task” is considefsduationally-
appropriate” activation. This is consistent with literature thhows decreased
parasympathetic nervous system (PNS) activity when attentiowarkihg memory are
engaged, and increased PNS activity once the task is corapktsubjects are free to
relax.

In contrast to red light conditions, the constant levels of reactasgrved in the bright
white conditions reflect constant attentional changes. This sugfestactivation or
arousal are maintained during the brief bright light exposure, withdmp in
parasympathetic nervous activity during the memory task.

An interesting response was observed in the subject who completdecans®| study
during dark, red, and bright light conditions. This subject (EF) did sptayi any signs
of drowsiness in reaction time analysis in any of the light ¢mmdi. However, in red
light he produced greater power in the theta band of brain wavesnthast, he did not
expend greater power in the theta band in order to maintain higsoreéimme during
bright light or in darkness. In all light conditions, darkness, redbaigtht light, alpha
waves were of roughly similar power. Additional experiments nbastonducted in
order to confirm or interpret these findings.

Klimesch (1999) found that “after sustained wakefulness and duringath&tion from
waking to sleeping when the ability to respond to external stioeadses, upper alpha
power decreases, whereas theta increases.” In our resiltisd wot find any significant
difference in task performance under different lighting conditioHewever, the theta
power was considerably higher when the subject was exposed aathght. It remains
to be seen if the increased theta activity was caused dysiiress. We suggest
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increasing the difficulty or complexity level of our sustainge+#ton task to better
understand the nature of the observed theta power increase.

Discussion

The Latrobe Laboratory Experiment tested light through the reggeof the visible
range: short wavelength blue light with bright light known to state melatonin
pathways, and long wavelength red light that was demonstratéafltence cardiac
responses. Whereas melatonin and other endocrine systems wereasatechén these
experiments, it is interesting to speculate that different iploggcal pathways might
come into play in dark conditions versus bright conditions, and at thanesref the
visible spectrum relative to cardiac or melatonin responses.hdfustudy will reveal
such associations.

Evidence-Based Design Implications

While great complexity exists in the relationship between lggitt outcomes that is yet
to be completely described, a strong evidence base exists snggkatidesign solutions
can be developed that are likely to yield significant outcomes.udyg an evidence-
based design approach similar to that described by the evidased-medicine
movement, careful selection of the strongest and most compellidgnee can focus
design efforts on the most reliable data.

In general, it can be stated that, to date, strong, valid evidenanstates the influence
of light on sleep/activity. Compelling evidence suggests aorkdtip between the lack
of light/dark cycles and health risk in night shift workers. sébstantial amount of
evidence suggests daylight has a positive influence on health and drehdwieed,

diurnal light changes are the natural state for all humansidytifying the exact
gualities of light associated with such changes, we predict thagnde®plicating those
gualities will have significant influence on outcomes.

The original findings from the Latrobe Laboratory Experiment anigerotstudies
demonstrate that even brief exposure to light during the day isi@ssbwith heart rate
changes that are sensitive to health risk. In addition to increased andmedialartness
levels with bright light, appropriate reactive levels were oleskrin heart responses
during red light. This evidence has important implications forcti@ce of lighting in
architectural design and healthcare facilities, where lefellumination are implicated
as stressors related to increased health risk and implicatadational levels associated
with performance error.

Principles

While research continues that will confirm and enhance our undersgamdi the
influence of light, generalizations from the preponderance of lileratcan be
summarized as design concepts below.
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Exterior Conditions

Scientific data reveals that the built exposure to exteoaditions or climates may not
provide enough light for circadian stimulation, or may provide more tiggm is needed

to drive circadian rhythms. If an external site does not prouiffecient natural light,
window design alone cannot be used to specify the amount of light that will enteea spac

Interior Conditions

Since interior materials and furnishings interact with incomiigit, a complex
relationship exists between window dimension, orientation, distance tfrereye, and
the spectrum and intensity of light exposure.

Individual Exposure

Since many facilities continue operations at night, electrsmalrces for circadian
stimulation should be considered for those working night shifts. Ther lgibint
highlights an important consideration in circadian lighting designthé past, lighting
has been measured at the level of the lamp emitting ligtheodesktop. Such static
measures are relevant only if a person sits at the saragolo@ll day and does not
receive solar light from the exterior.

Temporal Pattern

An individual’'s exposure to light in a building is determined by theetspent in each
place. The use of mobile light measurement devices is now ataeeal the actual light

patterns of our industrial lifestyle, which has heretofore beeelyraconsidered in

architectural design. Epidemiological evidence and laboratoeares suggest that the
pattern of light/dark exposure over days is very important to bi@bdiehavioral, and

health responses.

Circadian Responses

While there is a significant body of evidence that demonstriduas electrical light

sources can be used to drive many circadian responses, it canraot ltkeas a single

electrical light condition can replace solar light as a meanstimulate all circadian
effects. Many human systems respond to circadian and seasbtiaglichanges. Only
a few aspects are well understood, and more researcharb/alequired. Nonetheless,
we can form some general design hypotheses based on currentditidihgre expressed
below.

Benefits

It is expected that human function, performance, biological, medical, and mood esspons
will change subject to lighting conditions. This is not to say tiratsimple response of
creating more light or more windows will suffice. Archit@@l and electrical lighting
must be designed for users, their function, and their environment over time.

Estimating and Measuring Light

Several computer rendering programs are available to model btiadiglistribution that
an architectural opening might provide. Such analysis can takadotmnt the latitude,
longitude, and compass orientation of windows, and demonstrate theermditier
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influence of a building’s position on a site. The climactic arab@eal external light
levels can be accessed via national databases. Howevemteherilight will be
determined by local site conditions and adjacencies.

In addition, actual light levels may vary from such estimatestdugindow location,
obstructions, shades, or materials. The spectrum of lightkalhge as a function of the
material through which it passes and the finishes that absonte#ect light. Furnishing
may provide interior obstructions to light, and light levels wilhotish with distance
from the light source or opening. Radiometers and photometers thaeunmeatual light
levels should examine light distribution at each site occupied, aheé &vel of the eye
(seated, standing, in a patient bed). Mobile loggers can be usedkdight exposure
over time for individual movement and exposure patterns. The collectien ficen
existing conditions and post-occupancy conditions will provide userfgpedormation
about the influence of environmental features and materials infispéanctional
environments.
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Table 2
Circadian Lighting Design Principles

1. Daylight is the primary environmental feature that modulateadian responses that
influence health and function.

2. Light/dark patterns (diurnal/nocturnal lighting) are important éstablishing and
maintaining circadian rhythms.

3. Site, climate, architectural and interior features determiadequate circadian light
will reach each user. The presence or dimensions of windowsddamgt guarantee
adequacy of circadian lighting.

4. The users and functions within buildings determine circadian lighteegds. The
time spent by an individual in a space is the greatest det@niof circadian lighting
needs. (Total time an individual spends in a space, and time of day in that space.)

5. Electrical light with specific quantities and qualities modegaspecific circadian
responses. Different spectral qualities have different tefeedevels. Different
circadian rhythms respond differentially to spectrum and intensity.

6. The “circadian” effectiveness of light is related to the boration of its spectrum,
intensity, distribution, duration, pattern (on-off), and time of day.

7. The quality and quantity of light arriving at the eye is the kegsuee for calculating
circadian stimulation, and can differ significantly in spectruma @ntensity from
measures of light emitted from lamps or incident on horizontal (oigskt vertical
(wall) surfaces.

8. The ultimate quality and quantity of light arriving at the egsutts from the
interaction of all light sources and all materials that migr dight’s reflection,
refraction, absorption, and distribution.

9. Typical photometers minimize calculations of light intensity he short and long
wavelengths known to be effective in modulating circadian responses.

10.Many climates do not provide adequate daylight across all seagomsrdadian
stimulation. The compass orientation of architectural openingdsinfliience the
amount of diurnal light entering the building. Exterior site coodg or built
structures may significantly influence access to diurnal.lightterior lighting may
be sufficient to disrupt nocturnal darkness needs.
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Table 3
Summary of Circadian Lighting Qualities

Daylight provides a broad spectrum of light, with roughly equal paweeoss the visible
range. The power and spectra change rapidly throughout the taylimactic changes
induced by clouds, dust, precipitation, and interaction with envirotahéeatures, such as
large bodies of water and expanses of natural or built landscape.

Short wavelength blue light (420-470nm) is highly effectivenatiulating melatonin levels
associated with sleep and activity/arousal responses, and afipezggire lower intensities
and less time to modulate melatonin than broader light spectra (e.g., 30 lux).

The influence on melatonin saturates, or reaches a maximuhgtsadreased light intensity
beyond a certain level is not associated with greater matatmodulation. Melatonin
suppression by light is effective at night, and depends on the Bsilijestory of exposure to
a light/dark cycle.

Bright white light is effective at modulating melatonin andegl, activity and behavior.
Bright white light treatment in the morning or the evening hanhesed to shift sleep and
activity patterns. In general, greater intensity of brighitevlight is required than blue light
to be equally effective.

The Latrobe Laboratory Experiment study demonstrated that briefepoger 15 minutes
to bright white light with a peak in the short blue wavetingas associated with constant
heart rate activation (reduced reactivity). These findinggeast that light exposure, even
during the day, may influence cardiac responses. Brief and medsdrahges in heart
reactivity are not necessarily problematic. Further studieseguired to determine if these
short-term effects persist over longer exposures, or are associthtethronic cardiac stress.

Red light over a brief, 15-minute exposure was shown in the Lalraberatory Experiment
to influence heart rate in a situationally appropriate maneeabling a relaxed state
(increased reactivity) during baseline and resting conditimiglsan activated state (decreased
reactivity) during working memory. Further studies are reduineobserve user responses to
this lighting condition in operational environments.

Typical “full spectrum florescent” lights produce multigpectral peaks at higher intensities
across the visible spectrum, superimposed on a lower intensity $peattal band. Several
studies suggest that the claims supporting the therapeutic ehludl spectrum lighting
require further study to substantiate.

Multi-spectral lights

Research suggests that interaction effects occur when raufjgictra are presented. This
“spectral opponency” may influence the effectiveness of a knowetrspeif it is presented
with another spectrum. Therefore, careful studies are ungd¢ongetermine the influence of
a variety of light sources that might yield improved ciraadfunction while maintaining
accurate visual acuity and color rending perception. Examplieslenbigh Kelvin florescent
lighting.
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Design Options

The design of a physical environment that supports health, mood, and perderns
likely to incorporate the principles that guide circadian ligit visual function and
ambient effects. Competing lighting requirements can be baldnycading a variety of
systems, materials, and methods. As an example of evidence-bsaggy the following
describes how the general principles and specific parametensadian light might be
applied to a patient room within a hospital. It should also be notédniduay of the
options described below could be equally well applied to multipledingil types,
including office spaces, laboratories, etc.

Objectives

The objective for circadian, visual, safety, and ambient lightirig [@ovide controlled,
appropriate light levels. Each function has different maxima and minimans tdrlight
spectrum, exposure time, and intensity. Efforts to maximite Bxposure may exceed
effective circadian levels, create extreme glare ohlmeggss that minimizes visual acuity,
and be uncomfortable. Therefore, the goal is not one of simplgasiog the area of
glass or window walls. Along with light level and spectrum, conwblglare,
temperature changes, equipment veiling, brightness, and contrasbencshtrolled to
minimize discomfort and dysfunction.

Site conditions and building orientation

Building orientation relative to solar access, compass and siteiicosdian significantly

influence the amount of light entering a building or opening. Viraramations are

routinely available and can be used to simulate the light padteéening a building at a
specific geographic location. However, adjacent buildings and geloigr or natural

structures, as well as interior materials, also dramatigaflluence light, and should be
built into the calculations.

Architectural solutions

Building footprint and the perimeter to interior ratio
Thinner building footprints, or an increased perimeter to interiao retat
provides a 20 foot distance to architectural openings, enable sgitdr td
penetrate deeper into the building interior.

Windows and architectural openings
- Architectural openings and windows as required by code and guidebnes f
patients and egress provide access to solar light, but do not guaadetpete
levels of circadian lighting.

Climactic and site conditions, building orientation and built adjacenaiendow
design, and interior obstructions, materials and finishes deterimenatensity
and spectrum of light entering the building and reaching the leviéieokye.
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Therefore, the dimensions or design of a window alone is not suffibient
determine if adequate light levels will be provided.

Access to exterior spaces
Accessible paths and views to exterior spaces with dire¢ecred, or shaded
solar access provide opportunities for natural “light showerdinfactic and site
conditions allow.

Building geometries and the control of light
- The design of the building’s geometries and orientation modify the ehtrght
from the exterior and the distribution of light within.

Several architectural systems, such as light shelves, toleess solar tubes, and
specular materials, can be used to carefully distribute liggriegt from the
exterior or from electrical light sources.

Areas requiring controlled light or dark conditions should be specifietthen
programming phase, and may be placed away from the perimetagetatal
openings.

Materials or mechanisms that limit light distribution while maintaining sight lines
The architectural and finishing materials used have directieinfle on the
guantity and quality of light arriving at the eye.

Careful use of transparent and translucent materials féeilight distribution,
but also change the spectral quality and intensity of light. peaest glass that
becomes opaque with electrical charge is more useful in healtheaironments,
where a loss of power would yield the screen transparent withguitirey use of
internally generated electricity.

Careful use of specular or reflective materials can assifite distribution of
light, but must be controlled to reduce glare and the veiling oftretec
equipment.

Privacy concerns must also be balanced if transparent mateealsed, and this
is of importance in health care environments.

Sight lines must be maintained so that patients and staff can see eachrutiser
that staff can see other staff.

Darkness and privacy are important requirements in patient aerégan clinical
procedure areas, and in staff rest and respite rooms becauseiotddean need
for a light/dark cycle. Currently, typical privacy screemshospitals do little to
control distribution of light.
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Electrical lighting
Electrical lighting with automated controllers should be set tg tree total light
intensity in a room or zone, incorporating the sunlight enterirspaice as well as
the light emitted from nearby electric lamps.

Electrical lighting should run parallel to the window wall witidividual controls
so that lights closest to the window can be turned off if sunlight levels allow.

Multiple lighting solutions should be used to reflect the geomeamnelsmaterials
of the space, and the user, their function or condition, needs and desires.

Complex tasks, such as those that occur in healthcare environrabnotsitdries,
factories, etc., demand a variety of light intensities. A sihglging source and
intensity are unlikely to meet these changing functional needs.

Procedural lighting, visual acuity lighting, healthy lightireg €ircadian function,
therapeutic lighting, and lighting for communication and ameiailty have
different optimal lighting ranges.

The individual and special needs of building users can best be seyved b
incorporating flexible and individual lighting areas.

Circadian lighting
A user’s length of stay in a particular space can be usaccaterion that assists
in the designation of program and room function based on the solar levels
reaching interior.

Spaces for long-term users (e.g., staff respite rooms, longhtg@atient rooms)
should be given greater priority for greater access to kglding than short-term
spaces (entry areas).

Patients rooms are required to have windows. However, the actuabfdignt
exposure received per day is subject to many variables beyond thesdims or
design of the window (see below).

Field studies of actual light levels reveal that use of sudeshand adjacent
electrical lighting have a great influence on the amount of lightpatient and
distributed nursing staff receive.

Staff work areas should be provided circadian lighting as well agsyvién those
areas where procedures require dim lighting, priority should \@ngb nearby
respite or work areas that provide adequate circadian lighting conditions.

Field studies reveal that borrowed light from patient rooms may be insafffore
circadian lighting of staff areas.
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Areas that provide brief electric “light showers” or desktoptlitgg devices might
provide lighting exposure to regulate circadian needs.

Access to exterior areas provide circadian lighting if denar time of day
allows.

Dynamic lighting systems that use florescent overhead light&Ds that wash
walls with light may provide circadian stimulation for a roomaoga. However,
the effects and influence on users relative to the light ldvesen is yet to be
fully studied and verified.

Red light that enables adequate vision for surveillance may pravidseful
lighting condition for surveillance of patients at night. It hagssér influence
than bright white or blue light on melatonin and sleep suppression. Broad
spectrum (white) task lighting should be provided for task lighting @sual
acuity. Staff function and preference for this lighting conditglould be
explored

Differing circadian needs according to user role, function, and time of day
- Patients, day shift, evening, and night shift have different lighteeds over a
24-hour period.

Individuals within each user type are also likely to have diffenexids as their
shift and personal lighting exposure change.

Patient circadian needs vary greatly with their length of, steadical condition,
procedures undertaken, and level of acuity. Light distributed from other
functional areas should be minimized to reduce patient circadian disruption.

For both patients and staff, individual circadian rhythms differ,eaauh user has
a different light history that may influence his/her responségtd.| Therefore,
the provision of lighting overrides, and individual circadian lighting shdxgd
considered.

Individual circadian (handheld or desktop light devices) are likely tanbst
useful as they can be timed to address individual schedules. highsity and
spectra should be designed to minimize light distribution to other staff or gatient

Lighting for medical condition
- Programming and design could take into account evidence that shows a
relationship between medical condition and light stimulation.

For example, long-term care units may be given the highest praxiess to
morning and evening daylight (e.g., seasonal depressive and bipaaermsy,
long-term obstetric inpatients). Oncology treatment aregbtrbie positioned in
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areas where greater control of daylight access is provided, sgdkiants’
circadian wake cycles can be timed to coincide with medical treatntesdide.

Remote mechanisms that control patient window shades and privaepssevi
be of benefit in 1) minimizing patient falls as they get out of toeoben shades;
2) reduce workload on staff to open and close shades; 3) encouragesptdi
obtain more access to daylight, as they are unlikely to ask staff for help.

Functional lighting
In a patient room, several user zones are often described, includipgtiget, or
bed zone, visitor or family zones, service, and clinical zones. Watmh zone,
lighting needs can change dramatically over a short period.

Basic requirements for the patient and clinical zones includetysaivalking
paths, medical procedures, visual tasks, surveillance, communicatargtiing

and facial recognition), health, circadian and therapeutic lightesy, reading,
and amenity. Lighting needs in the patient zone include sleep andyprivac
considerations. Circadian lighting must be controlled so that énsitsve to the
medical condition, state of acuity, and need for rest and privacy.

Lighting for medical procedures should conform to guidelines and should be
shielded so that light is not distributed beyond the surgical fieldhtibg for
medical procedures must be immediately accessible at thatfsabiedside, along
with an override switch available to obtain required light levelkh & single
switch.

A single lamp placed overhead will not serve these multiple neRdgher than
having such a light source turned on for up to 24 hours per day, econoamcebal
might be met by automatic controllers mixing solar and etebight during the
day (with remote shade control), minimizing use of electrical pame cooling
during the day. Individual lights could be used at bedside, in the ésaoga,
and for clinical procedures only as needed, again reducing elgctrici
consumption. Circadian stimulation could be provided by individual light seurce
at bedside that would not be distributed to nearby patients or staff.
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Distribution of lighting
Architectural design has a direct influence on the distributiongbt from one
zone to another, and should be taken into account early in the design process.

During decision making, the investment in lighting must be bathnekative to
the distribution of nursing stations and the transmission of light trentralized
work areas, as well as from safety lights in hallways.

Adjacent communal areas should be carefully placed so that they distusb

patient lighting conditions. For example, conference areas, waitieas, and
centralized nursing or administrative stations that require fidual acuity
lighting throughout the light should be distant from or screened fraent room
openings.

Safety, security and surveillance lighting
Safety and security guidelines for lighting must be addressedeipirkge with
codes and guidelines. However, multiple methods might be explorectédb m
these needs, including pathway lighting and the use of lights witbretit
spectral and distribution parameters.

Innovative temporal lighting solutions
- Local or regional temporal lighting systems that dynamicatgnge wall or room
light levels across the course of a day are being developed, buhdtayet been
evaluated in terms of their influence on satisfaction, mood, biologaral,
circadian responses.

Staff might benefit from the introduction of automated dynamibtiingy that

entrains the staff to their work shift. This could be provided byeeitlynamic
area lighting or by brief light showers. Night-time lightstkems must be
controlled to minimize light distribution to patient areas. Howegentrol and

distribution of light are primary concerns so that patients and pewplether

circadian cycles are not disturbed.

Innovative spectral lighting solutions
Different spectral lighting solutions are associated withecgffit behavioral and
biological responses. Evidence-based lighting design that utibzesing
knowledge could provide a selection of light profiles demonstratedene s
differing functions.
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Hierarchy of Needs: Balancing Conflicting Requiremats

Design features significantly alter the light arrivinglag eye. Multiple needs for safety,
visual, circadian and ambient lighting are likely to be servedaied light sources. The
presence of a single environmental or architectural variablé, @si@ window, is not
guaranteed to provide adequate circadian or visual lighting. Whilecltheatic
conditions and compass orientation impact the amount of light entemvigdaw, the
light reaching the eye inside of a building is determined byltmension, geometry, and
distance from the window, as well as the materials, objectsfiaisties that reflect,
absorb, and otherwise interact with that incoming light. Usingeexel from research
and post-occupancy evaluations, a human decision hierarchy can be applirxstitize
design options (Edelstein & Marks, 2007). Cost analysis of mateiiadtallation,
maintenance, and energy use can be factored along with hsatisfaction, and
performance measures to assign value to each design option.

Human efficiencies
Value assessment should also consider the potential cost to humam healt
performance, error, and satisfaction ratings. Here, furtseareh is warranted to
demonstrate the influence of different conditions in real, operatiettalgs. The
advent of lightweight, wearable technologies enables measuremesttucl
environmental levels of light exposure over 24-hour periods (versus
calculated/hypothetical levels).

Material costs and energy efficiencies
Assessment of the cost/benefit of using multiple lighting systshould include:
energy consumption calculations, operational and replacement costs,rsand fi
time purchase costs.

Room layout: Inboard or outboard toilets, single-handed rooms, view versus light
The selection of design options might differ, dependent on the s@ataiion of
the patient room (south and west facing rooms without exteriotdshieay
choose smaller windows and outboard toilets). Patient rooms in northern or
inclement locations might select inboard toilets and beds, turned to maximize both
the view and the area available for windows.

Single versus multiple patient rooms
In those sites where multiple patients are housed togetheypthartd location of
privacy screens and window proximities should be designed to conthal lig
distribution and control. New materials and moveable systems could be developed
and explored.

Unit layout: Distributed nursing stations, travel distance, footprint ard perimeter
The choice of distributed versus centralized clinical stations ghwmtl be based
on lighting needs alone. However, they should be factored into decisions a
room layout, station proximity, door openings, and the choice of miaté¢hiat
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might control the distribution of light. The timing and type of fumies occurring
in adjacent or nearby spaces should also be taken into accoimet degign of
adjacent rooms and units.

Staff areas: Work, respite, rest
- The descriptions above could be rephrased to consider multiple “usstesid of
just patients, and multiple building types.

Room layout must balance access to diurnal light, nocturnal darlared, most
importantly, the control of light intensity, spectra, and timing.

Rooms with multiple users should build in mechanisms and matdralsdntrol
light distribution and provide for individual circadian entrainment.

The facility layout and program should provide access to diurnal and nalctur
awareness, and carefully control light transmission by matasalwell as
functional adjacencies.

Charrette

Following are the results of design charrettes and other coltal®nateractions among
the team members. In some cases, they substantiate concepisaltiatare architects
are already pursuing. In other cases, they challenge gloaltypproaches to lighting in
hospital environments.

Evidence: Circadian Systems Need Darkness as Well bight

The need for light is well known and discussed, but circadian sysaésusrequire
periods of darkness. In many current hospitals, light intrusion intenpaboms from
outside the building, as well as from corridors and other proximageantspaces, is
often at levels sufficient to disrupt the patient’s circadian rhythms.

Design Interpretation:
- Patient rooms must have the ability to be darkened. This includég abicontrol
light intrusion from both outside and inside the building.

Accessible controls should provide patients with the ability to adpltst for their

individual needs. A single-touch, programmable control for medicdf $ta
immediately establish optimal lighting for assessment and guoes should be
provided at bedside and/or at clinical stations.

Achieving optimal light level starts outside the building witheemal shading and
shielding devices. A kinetic skin that adapts to seasonal and diightachanges
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(but has manual overrides) may help balance needs for circadiaratig darkness,
view and glare control.

= PaRTALLY
OPEN AT LOW
SUN'ANGLES

7 SOME OPEN
| SOMECLOSED

KINETIC SKIN: SLIDING EXTERIOR SHUTTERS

KINETIC SKIN: ROTATING EXTERIOR LOUVERS

Motor operated remote controls can be pre-set to adjust for daylight and night-
time conditions, with a manual override for patient control. Two possikilére
shown here.

Shades should be installed to effectively seal out light around the window perimeter

Low intensity lighting on the corridor side of the patient rooallsvmay reinforce
pathways for safety while limiting light pollution into patient rooms.

LED & FLOURESCENT LIGHTING IN CEILING COVE
—— DARKENING SHADES

TRANSOM WINDOWS \

LIGHT SHELVES \\\ )

REFLECTIVE CEILING— N NS SR TR

.,

ZLEI:] COVE LIGHT OVER PATIENT BED
SIDE LIGHT AT DOOR _/
GUARDRAIL WITH LED COVE LIGHT

SECTION AT PATIENT ROOM & CORRIDOR
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Evidence: Circadian Systems Need Varied Light Contibons

Natural daylight can be considered the “gold standard.” Differequencies, intensities,
and dynamic patterns of light exposure are related to measdrfibiences in biological
responses. Constant exposure to a single frequency and level aE ligbit ideal for
normal circadian patterns. Daylight and electrical lightimat €mulates natural diurnal,
nocturnal, and seasonal cycles is most likely to support circadian needs and health.

Design Interpretation:
Brightness and frequency of light should vary throughout the day. Tleetiolj is
not simply to providenorelight, but to provide the appropriate range of spectra.

TRANSOM WINDOWS [~ DARKENING BLINDS
| T LIGHT SHELF | VIEWWINDOW — LEDLIGHT IN COVE
.t | {

The lighting of the room can be
1 programmed so that the internal
\ darkening shades come down at the
' end of the day to keep external light
out of the room. The LED light in
the alcove can be programmed to
provide different spectra and
intensities of light at different times
of day to augment circadian rhythms.

L_PATIENT REMOTE CONTROL FOR SHADING AND LIGHTING

PATIENT ROOM WITH LIGHT SHELF

Building footprint should allow for controlled daylight penetration to thesing
stations or team work areas.

Atria and light wells might, but do not necessarily, provide cigffit circadian light
to interior areas. Orientation, floor level, and atrium proportions stmmiitiodeled
for light frequency as well as intensity.

Light shelves may be used to introduce daylight to spaces whemowisal light”
may be blocked by doors, window coverings, or bed drapes.

Staff should have access to spaces for both darkness and lightchtlerde a break
room with daylight or electrical circadian lighting for nightifs that does not
interfere with patient needs. A separate dark room to serve Witdsecircadian

rhythms off cycle with diurnal patterns.



SEATING NICHE AT WINDOW —

— GUARDRAIL WITH LED LIGHTING {
LED AND TASK LIGHTING AT COUNTERTOP —'

CORRIDOR WITH WINDOW SEATING

An informal break room can be provided
by a window at the end of the corridor
with comfortable chairs and
programmable light. This also brings
daylight into the central nursing

stations. A separate break area with
controlled light distribution may be
needed for night workers.

Programmable LED lights could provide
different spectra and intensities.

Electrical Lighting Options:
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LED LIGHT COVE WITH PROGRAMMABLE COLORS —
BLACK OUT DRAPE
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POINT SOURCE LED LIGHT WITH PROGRAMMABLE COLORS —
LIGHT SHOWER NICHE

A niche could provide a place where
staff could retreat for “light showers.”
The LED cove lights would be
programmed to provide light stimulation
while minimizing the distribution of light
to patient or other staff on different work
shifts.

For areas where daylight is not feasible or practical (such as imaging,rpaoedure
rooms, operating rooms), controlled electrical lighting that can be vameddaty to

user, function, frequency, intensity, and distribution may provide useful circadian
stimulation and might enhance visual function. The lighting concepts outlined below
reflect ideas that require further testing in both real operational andtiatyosattings to
determine user satisfaction, function, and physiological responses. Care nmudtdae a

to ensure that light is not so bright as to cause visual discomfort or harm, and nét so dar

as to limit visual acuity and accuracy or the ability to safely monitor occaipamgress.

For areas where daylight is not feasible or practical (sschmaging

rooms),

controlled electrical lighting that can be varied according to, fisection, frequency,
intensity, and distribution may provide useful circadian stimulation.
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For night shift workers, daytime patterns of light frequencyiatian should be
recreated to the extent feasible while still supporting patieetls for darkness and
staff needs for visual acuity, safety, and security.

The use of white and blue frequency light augmented by task &etg bghting may

support staff circadian sleep / wake patterns. Red ligtwrindors could be explored
as a means to support night- time monitoring while minimizingadian sleep/wake
patterns in patients. White lighting at clinical stations wquutazide for task- related

visual acuity. Individual controls are essenti

al at staff statidaseen lighting might

assist in visualization of computer images while supporting greaeal acuity in

generally dark conditions.

Localized “light showers” (brief exposure

to light that stimegathe melatonin

systems) at distributed desks may provide for needed circadian activation.

OVERHEAD AMBIENT AND TASK LIGHTING HIDDEM BEHIND SOFFIT

o DARKENING BLINDS

/

LALED LIGHT SHOWER' PRIVATE OFFICE J
LED AND TASK LIGHTING AT COUNTERTOP —

CORRIDOR WITH "LIGHT SHOWER' OFFICE

The combination of LED and fluorescent lights
the work station returns could be programmed

provide a range of light spectra red, blue or white
blue lighting that would help reset the circadia

rhythms of evening and shift workers. The L

lights under along the corridor guardrails could

be programmed red to provide adequate light

for walking and egress, while minimizing minimg
corridor lighting without disrupting disruption to

patients’ need for darkness at night

A niche at the side of the staff room
or along the corridor with the nurse

stations may provide controlled

lighting opportunities.

r— COVE LIGHT FOR DIMMABLE GENERAL LIGHTING
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FLOURSCENT & LED LIGHTS IN COVE;
PROGRAMMAEBLE FOR CIRCADIAN EFFECTS

[— WORK STATION TASK LIGHT J
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SECTION & PERSPECTIVE OF NURSING STATIONS AT CORRIDOR
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Low level ambient light should be complemented by task lighting at work ceaters f
visual acuity. Bright light should be screened as to not penetrate into the patient
rooms.

Building footprint should allow for controlled daylight penetration to tugsing
stations or team work areas.

Atria and light wells might, but do not necessarily, provide suffic@rcadian light to

interior areas. Orientation, floor level, and atrium proportions shoulchdmeled for
circadian light frequency as well as intensity.

Evidence: Individuals Have Different Light Needs

Lighting needs vary by individual medical condition, visual acuity, guegfce, and
culture. , An individual's history of light exposure (over several hodays, weeks)

influences his or her need for circadian light. Swing and espeaigiht shift workers

may suffer from stress responses due to misalignment of tleejp/slvake cycles and
natural daylight and darkness.

Design Interpretation:
Lighting controls are as important as lighting. Patient andlyaaneé often most likely to
make preferred adjustments, but they mightmay not know what light is healthiest.
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Individual control of lighting systems should provide for multiple neediallsystem
wcould combine computerized control to provide desirable circadian digét;rides

for required procedure or safety lighting, (that the patientadf sight not choose)
and over-rides to adapt be adaptable for to individual prefere8best term users
have lesser need for diurnal lighting patterns than long term patients.

Patient controls must be accessible and easy to use,; and shouldcatitrol of
electric light as well as window coverings. Follow-up studmga be conducted to
determine if bed-side controls are associated with reduced falls.

Special lighting needs should be considered when setting such deadisble. In
healthcare environments, the need for sleep and rest during the dag $Seoul
accommodated. For example, elder patients are more likely tb greater light
levels, but may be more disturbed by glare and reflection.

Cultural and individual preferences may have a great influence on clobices.
Patient control of color through LED lighting may provide a serfseoatrol and
ability to adapt the environment easily as occupant needs and preferences change

Conclusions

A scientific process was applied to the Latrobe Laboratory EBxpeti The
experimental hypothesis asserted that lighting influenceshheZyt understanding the
reasorwhy light is associated with health outcomes, that is, the mechabismkich it
influences health, one is better able to specify the rangghifdualities and quantities
that yield positive outcomes and the range of what might be haonfyield negative
outcomes. Given such measures, designers can more readilg @edbrmance
guidelines and develop a myriad of ways to design access tdaHaghserves outcomes.
Indeed, architects can apply a great number of techniques to acmeler lighting
conditions, including site decisions, architectural openings, and reflectaterials to
distribute daylight. In addition, the evidence base suggests thaicalkebght can be
designed to provide similar benefits.

In terms of its circadian lighting (versus visual function), tgbtlarriving at the eye (not
on the desktop or wall) must be defined in terms of its intensitgtreye, distribution,
duration, and temporal pattern. The interaction of these paranyetdals different
results and responses. Therefore, one must carefully assessidbéece and apply
specific findings to specific environments, and then measure thénfigonce the
building and light sources are installed to ensure that the design parametees. are

Given these general observations, a number of architectural solaéiorise applied to
provide lighting for vision and biological function. Some of the solutisted make use
of existing methods and materials. Others will rely on desmovation, material
development, and new concepts yet to be explored. Clearly, decisishd¥enbalanced
in terms of programmatic needs, their cost, benefit, and perceived value to the user
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Discussion

Although further research is required, biological and medical eviderneal a pervasive
influence of light on many human functions. As such, the evidence bpperts the
value of architectural and electrical lighting strategies for both visuatiazatlian needs.
As all humans display circadian responses, the influence of atahngtieloght on health is
relevant to all environments where architects play a role, butn@d impact in
healthcare environments where patients, visitors, and staff presebtdadest range of
conditions and needs.

Wearable technologies now provide the means to measure theleetlhalf architectural
light provided and to study the influence of a variety of design solubrofsnctioning
environments without impeding the provision of services. The addition ofotigor
findings from both laboratory and on-site studies will enhance the range of evidene
considered in a decision hierarchy that balances safetyritgedealth, performance,
emotional, social, and economic needs. The ultimate goal of the esitlased approach
that includes literature reviews, epidemiological studies, andd#airy experiments is to
assist in developing design strategies that support health, perfe;nasacthe emotional
and social needs of all users.
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APPENDIX I.
Literature Search Criteria

A literature search yielded thousands of citations about influence of lighting on human
performance, behavior, and psychological and physiological responses.

Inclusion criteria:
Published in English
Occasional search with all languages
Limited to Humans
Occasional search for animal studies directly supporting human findings
Publication date to MEDLINE limit
Date limit varies with MeSH category
Focus on most recent or most relevant
All gender, age, interventions, variables, indicators, measures, outcomes
(Specific searches on key terms and measures below)

Process:
Primary search for lighting and health in PubMed (see key words below)
Specific search in Avery, PsychINFO, Avery, Web of Science

Limited searches
Cochrane Library, Center for Health Design,
Robert Wood Johnson Foundation, Institute of Medicine, Informedesign,
Coalition of Health Environments Research, American Medical
Association, Society for Neuroscience

Focus on daylight and electrical lighting influences on:
patient health
staff performance and health
satisfaction
physiological responses to light
entrainment of circadian responses to light
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APPENDIX I

Color Preference
Eve A. Edelstein, M.Arch., Ph.D. (Neuro)

Color preference has been studied for several decades and aarpsutiures. The
following reviews a small subset of this work in order to demoresthet complexity that
must be accounted for in designing color experiments, and for therettion of the
results.

Cultural Effects

Abel's study (2005) of 90 undergraduate students from 5 different culaxpressed
color preference in mosaic design. Researchers found that Japtudesss preferred
green and Mexicans blue, and that Iranian students chose fewer. cGloosingourian
(1968) found definite cultural and some gender differences in color @neteof paired
comparisons among 160 American, Iranian, and Kuwaiti universitysnaadd females.
Saito (1996) studied 490 university students (Japanese, Chinese, Indoneki@an), w
selected the most liked color from a color chart. People frorh eaantry showed
tendencies for unique color preferences, with significant diffe®no frequency of
colors and hues. A high preference for white was common, along \pitference for
some colors. Images based on environmental and cultural aspectsemianportant
influences. However, in order to make direct cultural comparisons,nars also
consider the influence of changing preferences that occur ower and that such
changes differ across country and culture even within the sacaéidn. A rigorous
analysis is required for comparisons across references in ordécern rigid or fixed
preferences that will stand the test of time and location.

Gender differences have been considered in studies on color pcefeand affect.
Gender difference was observed in children’s toy preferencebject features, color,
form, in children with pre-natal exposure to atypical levels ofr@gehs (Alexander,
2003). Henry et al. (1978) found that 20 female and 20 male students taekedcher
Color Tests (LCT) differently by gender in terms of meaxuakand preference ranks,
apart from for yellow and green. There were no gender difesen preference ranks,
and only one color was ranked differently on gerdlarension by males and females.
Seefeldt (1979) demonstrated gender differences in color preéetesing the color test
ranking of yellow and green (yellow ranked more highly in females).

Preference in Children

Shaoying et al. (2004), using paired comparison methods, examinegiknence in
children from the ages of 4—6 years old. There was remarkablergdiffdrence, with
the sequence of colors as: red, yellow, orange, blue, purple, greers. bikdrapublished
that white preference is a general quality in all humangy Bt al. (1979) studied 160
infants and young children (6 months to 4.5 yrs), where pairs of whiiack toys were
presented. Results did not support a white preference under thesenendk study by



121

Duckitt et al. (1999) of South African children (3-5 years old) wassistent with a
cultural socialization approach, implying that color bias in eanydhood is acquired
through verbal learning of human color symbolism. While 360 Filipino children (matched
for gender, socioeconomic status, and age) responded to Luscher CaadnBestanner
consistent with Flehinghaus (1961), their preference changed vat{Gagstilo-Villasor,
1986). Adolescents ranging from 6 to 16 years old who ranked 7 colors dshowe
considerable agreement among males but not females, with sagnifdifference
between gender (Sinha et al., 1970). Nelson et al. (1971) had Canadiaenctiidose
from 6 color crayons during drawing. Their results suggest that ‘G@ppears to imply
less about cultural membership and affective characteristicheofmaterial being
communicated than the degree to which individual expression is dirbgtsociety.”
They conclude that both clinical and cultural hypotheses have senomatibns, and
that color preference involves both perceptual and sensory phenomena.

Preference for form over color has been reported to occur withasiag age (Serpell,
1969). Studies with small samples reveal that boys prefer fornmcolgr, and that lively
boys respond more than quiet ones to color. Schuman (1966) investigatedrhet
age relationship between color and form preference typical inAuerican societies is
also found in non-Euro-Americans undergoing different educational expes. Three
color versus form preference nonverbal tasks revealed that drerhihged 3-15 there is
no developmental transition from color to form preference at any@§857 color form
tests, 24 showed a form preference.

Performance and Mood

Kwallek et al. (1996) studied the effects of 9 monochromatic offiterior colors on
clerical tasks and worker mood. Pre/post studies of 9 treatmenpsy examined
proofreading performance, 6 mood states, and color preference in higlaforation,
dark/light value, and warm /cool colors, in 341 male and 334 femalectalgfis6—37
years). Significantly more errors were made in the wiiben than in blue and red, with
females performing significantly better than males. Saturaof color was the most
salient predictor of difference between male and females, fantlales indicating more
depression, confusion, and anger in low saturation colors (white, grgg)band males
in high saturation colors (green, blue, purple, red, yellow, and orange).cSulejecaled
that they would prefer to work in beige and white offices over orange and purple.offices

Ishihar (1995) found that 50 male prisoners with normal color vision respoimaliéa |y
to normal subjects. Color preference was assessed using thpyalmid test in normal
subjects (green, blue, red, and yellow in descending order). Kuzne@lo{l&90) used
color selection from the LCT as an indication of emotional statyslots post training.
Categorizing color-emotion pairs, 14 British and 17 Chinese studesgssasl 20 colors
and 10 color-emotion scales. There were no significant differentesdre males and
females, but three scales were identified: color-activity, color-weagat color-heat.

Physiological Influence on Color Perception and Preference:
Of course, in considering the physiologic bases affecting colarepton, one must
control for different color vision and deficiencies in individuals dfedent genders, age
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and health status (Buckalew et al., 1989; Levinthal, 1983). In particatarahaging of
the lens alters not only the optics, but also color through which riieoement is
perceived (Hardy et al., 2005). Also, medical conditions beyond visuaiddis have
both expected and unexpected impact on color perception and preferendbasuaeaf
children tend to show greater preference for color over form, and schitophrenics
show a high degree of color preference relative to other groups (Serpell, 1979).

Therapeutic Effects of Color

Tofel et al. (2003), having reviewed 3000 citations, found “no direct lirkhgéveen
color and health outcomes,” with insufficient evidence in the litegatarimply the
following causal relationships. They concluded that “color’'s influeaneemotional
states or mental and behavioral activities is unsubstantiatedobgrpresults.” They
found that “color-mood associations exist, but that there is no eviderstgygest a one
to one relationship between color and emotion. Certain colors do not corftanent
emotional triggers.” Rather, “emotional responses are causedulbyrally learned
associations and by the physiologieald the psychological makeup of people.” They
suggest that oversimplification of the psychological responsesldo gervades popular
culture and that the direct applicability to architecture anerimt design of healthcare
settings seems “oddly inconclusive and nonspecific.” They assEng ‘attempt to
formulate universal guidelines for appropriate colors in healthedtiegs is ill advised.”
They note that the perception of spaciousness is attributed tart@sg and less by hue,
and is highly influenced by contrast effects, particularly between objedtisseckground.

Methodological Inconsistencies

The inconsistencies revealed in the initial literature sebkely reflect the different
study methods used by the authors. Color literature dates overdeeages, and some
of the earlier reports from the pre-World War 1l period aeady skewed according to
societal biases and preconceptions. While their study methods beghbund, their
conclusions are tainted with the biases of their time. Furtheturalland societal
attitudes to color change over time, none more so than aftenltbheat changes accepted
or imposed in post-war societies. Comparing reports over mangdelecmust
acknowledge such changes.

Throughout the body of literature that explores color preferendeeffect, numerous
different methods were applied, making it very difficult to compfamedings across
multiple studies. In some studies, small color chips were usete mhother studies
whole rooms were painted. Different types of experimental tasks applied, ranging
from statement of abstract preference to behavioral responsgestions about sexual
symbology. One of the classical methods, the Luscher Color Test, was foBralioyet
al. (1979) to have inadequate (33%) test-retest reliability (21 kdags n=88) in 125
Canadian students, and the authors recommended alternate test methods.
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Summary

Two consistent principles are noted: 1) cultural background is ddiateolor preference,
and 2) brightness and contrast are more strongly related to color perceptibnéehtself
(Tofel, 2003). Re-examination of the findings about color in terms ightoess and
contrast would be more consistent with understanding color from the lg@logi
perspective, and has the potential to lead to further understanding almwyierception
and preferences among cultures. The above literature search dfopts@rily on
psychological and behavioral literature. By focusing on physiological biological
responses to spectrum, a different evidence base was accelssddfonmed the basis
for the Latrobe experiments.
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APPENDIX Il

Visual Perception of Light

Stephen D. LeSourd, L.C., LEED AP
NewsSchool of Architecture & Design, San Diego

Within the United States the Illuminating Engineering Sociefy North America
(IESNA) is the organization that develops standards for illuminatod, sets target
illuminance levels for various types of activities.

Lighting designers have traditionally relied upon their expesge judgment, and
historical precedent to select interior lighting. Such histbpoacedent has its roots in
the use of fenestration, including windows, clerestories, glazed doofsnonitors and

skylights, to modulate, diffuse and direct natural light so thatttige building, both

interior and envelope, can act as a kind of luminaire.

From a thoughtful analysis of daylighting, a mathematical utaleisg of optical
performance has evolved that has served the designers of l@sif@relectric lighting
sources. It has provided a language and methodology for quantifyiriong effects in
terms of how they are experienced by the human body. Primarygaimese effects was
illuminance, and for a long time this was thought to be the onlyla@teeally mattered,
so it was provided for in abundance.

For many years, through eight editions of thghting Handbookthe IESNA published
illuminance standards which established the basis of practicecfutezts and electrical
engineers. The standards matched a space or building typeetoramended level of
light intensity, as expressed in footcandles (lux in the meystem). The intensity of
illumination suggested for each space was related to the typstivafyaexpected to be
performed there. A specifier of lighting systems need onlgraete the type of space to
be lit and select the appropriate lighting level from the Tike recommended level was,
and still is, largely based upon the collective professional experienceaittims. Over
time, however, a body of scientifically rigorous data has beemnadating that has not
only provided a sound basis for the standards, but has also had tteokfivising the
recommended levels of illumination (downward, in most cases), and of aaldjreater
degree of nuance and specificity to the guidelines.

Even as they were producing the IESNA illuminance standardsuthera were acutely
aware that the much larger body of knowledge contained inH#edbook’s other
chapters was not being appreciated and applied as fully asht b@g It was decided to
try a new approach. In thé"Edition of thelESNA Lighting HandbogkChapter 10
gives a different method for lighting design that consideth light quantity and light
quality. A matrix is provided with suggested illuminance levels favide variety of
building spaces, and a set of Design Criteria that must alsonse&dered to produce an
optimal lighting design. These criteria are often specific to a gagnand are discussed
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in detail in other chapters of tlitandbook Taken together, the Design Criteria modify
the suggested illuminance levels as well as other factorstive at an optimal lighting
design.

The Design Criteria seek to address a variety of issuesgffieat lighting quality, rather
than just quantity. These include glare, contrast, color temperatloe rendering, the
modeling of faces and surfaces, and the overall evenness of liglibutish. These
factors can sometimes be quite subtle. Brightness may dependha&peuarface to be
illuminated. A small amount of light on a white paper, for instantgy be as effective
as a large amount on a darker surface.

The human eye does not see brightness as an absolute value, budsrétbiag relative
to an adjacent area of brightness. This difference in brighbstsg&en a detail and its
immediate background is called contrast. Greater contrasbwepivisual acuity and
task performance. Increasing brightness does not improve wacuigy nearly as much
as increasing contrast, and it is much more costly to accomplikimination of one
footcandle (equivalent to bright moonlight) is sufficient to readhdgn, for example,
with high contrast while over 100 footcandles is required to read tre wider
conditions of low contrast.

The eye perceives color differently under differing levelsllamination. Within the
retina, the cones are active at higher light levels and argigeis color (the “photopic”
range). The rods are not sensitive to color, seeing the wosldates of gray, but they
are very sensitive to contrast in low light (the “scotopi@fige called “night vision”).
Both rods and cones are functioning at dusk, in bright moonlight, and udéerfarms
of outdoor lighting (the “mesopic” range).

The color temperature of a light source will affect the esxy with which it renders
colors, as well. This is measured using the Color Rendering,ladh sunlight equal to
a CRI of 100. Since our eyes have evolved to respond to the distributi@aveliengths
found in sunlight, most artificial light sources score below 100 apgkar to do an
imperfect job of rendering color.

Visual acuity improves when the surrounding light is of a high colopésature (blue-
ish rather than red-ish). If the color temperature of the emhtighting is changed from
low (incandescent) to high (a cool fluorescent), it is possible t@aelihe same level of
visual clarity while using a quarter of the light and eleguwever. For these reasons
medical facilities and offices, as well as daylighting gesithat seek to match natural
and artificial light sources, will typically use a fluorestéghting system with a higher
color temperature.

Color contrast also affects perceived lighting quality, egfigaivhen the eye must adapt
to differently colored light in the same space. When one color predoesi the
dominant color receptors become saturated and the others becomesansitive,
compensating so as to maintain a constant brightness ratio among Hwmaever, the
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eye cannot adapt to two very differently colored light sourcesgofl intensity at the
same time, and the clash of colors will cause fatigue, eyestrain and strdasires.

Likewise, the eye cannot adapt to two very different brightnesdslet the same time,
whether colored or black and white. Excessive contrast betweennesghtevels,
known as glare, can become uncomfortable and annoying at the periploany\oéw,

and can be completely debilitating when it occurs near the cgntesion, where the eye

is most sensitive. Substantial losses in contrast, and hencehifityjstan result from
specular surfaces or bright sources with high contrast to theoguswuling environment.
Control of these brightness ratios, maintaining a difference di&ween the surfaces of

a book and the desktop, or 5:1 between the book and a surrounding partition, 10:1
between the book and a distant wall, and 20:1 between the book and a bright,window
will reduce eyestrain and stress.

Although uniformity of illumination is often desirable, for examptethe performance

of an office task, comfortable lighting should also include shadow&amges in light

levels to relax the eyes. Small pockets of bright contrasedcaparkle, can liven up a
uniformly lit workspace.

Lighting quality will also depend on the nature of the task to beopeed, and the

amount of time one has to focus on that task. Larger sizenett@nid higher contrast is
required to read a road sign flashing by at sixty miles an haieidark, as compared to
a book resting motionless on a table. A small increase #erifedt size can increase
visual acuity as much as a large increase in illumination, wisicthe reason why

Grandpa always appreciates the “large print” books in the library.

Lighting quality is experienced differently by different peoplef@aning the same task,
varying markedly with age. We lose approximately 10% of oupni$iy the time we
reach age 40, and 10% more every decade, making it ever more diffipitk out fine

details as we grow older. For this reason, grade-school liglgwsds can be half the
brightness required in nursing homes for the same reading task.

To account for all these variables in lighting design, the new stsg@at forward in the
IESNA Lighting Handbook,"™Edition evaluate each architectural space within a matrix
where the Design Criteria are ranked as being “Very Imaptft “Important,”
“Somewhat Important,” “Not Important” or “Not Applicable.” Forarple, a hospital
examining room flags as “Very Important” such design valuesoks ®endering, Glare
Control, Control of Flicker (from light bulbs that oscillate ataiceable rate), Uniform
Light Distribution, and Modeling of Faces. Other “Important” consitiens include the
Appearance of Luminaries, Distribution of Light on Surfaces, and Lumenginght
reflected off surfaces). “Somewhat Important” is the Source/TgskAEometry.

The suggested illuminance categories are then presented for each type ,ajispera
letter rank for both vertical and horizontal illuminance levels. LetteB, And C are for
spaces where visual performance is unimportant, and the lighting is intended only t
provide orientation or to illuminate simple visual tasks. For these letteratibook
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suggests a baseline illuminance of 3, 5, and 10 footcandles (30, 50, and 100 lux). Letters
D, E, and F are for spaces where visual performance is important, and the radechme
baseline lighting levels are 30, 50, and 100 footcandles (300, 500, 1000 lux), according to
the size and contrast of the tasks. For the hospital examination room given in the
example above, the recommended illumination levels are “E” (50 f.c.) for haizont
surfaces, and “C” (10 f.c.) for vertical surfaces. Finally, the letteapBesents lighting

for tasks performed near the limit of human visual ability, andHdéredbook

recommends a baseline figure of 300 to 1000 footcandles (3000 to 10,000 lux). Each of
these suggested illuminances must then be evaluated by the designer in thems of t
Design Criteria, weighted in the matrix as described above, and the baseline isumbe

then adjusted up or down accordingly.

The method described in thiandbookis representative of the current thinking in

lighting design. The emphasis on designing for lighting quality requireanharchitect

apply not only past experience, judgment, and historical precedent, but also an
understanding of how the human eye and brain will respond to a variety of environmental
factors, and at different times in the cycle of life. This is a subject tdwiinéc

translational design approach employed by the Academy of Neuroscience for
Architecture can make a meaningful contribution.
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Introduction and Overview

This chapter describes the primary research strategy the teamext Reisianente used

to create a tool, the Integrated Data Model, that can be used to answer importamit, curr
guestions about the impact of design elements on patient well-being in hospitals. This
tool integrates three classes of data never before connected—physgalfdasires,
patient experience, and patient medical outcomes. Broadly speaking, timalorig
coordination allows planners and architects to understand the effect of auchitact
health. The tool is especially powerful because of the enormous size of the, sample
which allows fine discrimination between the effects of one variable venstisea.

This chapter describes who created this model, its component parts, and when, where,
why, and how it can be applied. Our initial research focus is on design eleménts rela
to natural lighting. Previously published research findings about the relationshigehe
light and health are reviewed as a way to demonstrate how the Integratédddatacan

be applied to resolve questions, confirm suggestive findings, and expand the ability of
architects to make informed trade-offs in their decision-making.

The Integrated Data Model

Who thought of the IDM?

The Latrobe planning team asked Kaiser Permanente about the possibility of using
patient data to improve hospital design. This question stimulated Kaiser Pemrtanent
think about finding a way to tie together its extensive data about patients witleanot
large body of information about physical facilities. Kaiser Permanemadsl had

initiatives underway to integrate two departments—Service QualityaRdséabout

patients) and National Facilities Services (about buildings). The two oegrdst started

to work together to find ways to make their extensive data sets available to one.anothe
In order to connect information about hospital rooms and other physical features, on the
one hand, with patient well-being and satisfaction, on the other, they created anddtegrat
database.
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Healthcare organizations routinely collect and store large amounts of datmglet
aspects of the patient’s history, but these data are not always stored ithataye easy

to connect. For example, much of the information is stored on patients’ written oharts
in isolated computer databases that are not designed to communicate each other. In
recent years there has been a large movement to “automate” these needick. r

Kaiser Permanente has undertaken one of the largest efforts of these kindsswhic
called HealthConnect.

Digitally connecting these vast stores of data has at least two majotef@fst, the
immediate quality of patient treatment increases as providers have arstisatcurate
access to all relevant patient records. Duplicate tests are redudiedimated,
complications from drug interactions will be reduced, and doctors will, in gehexad a
fuller picture of a patient’'s medical history at their fingertips.

Second, and most relevant to our project here, the large integrated databases provide a
rich resource of information for conducting clinical research projects. ngjdke

various, coded sources of data organized similarly makes it practical and ecairtomi
conduct studies of large populations over time. The standard data contained in a patient’s
record provide information regarding what was done to a patient, what health outcome
was achieved, and important personal characteristics about the patient.

In order for these databases to facilitate design research, additianalelateded

beyond the patient record. Specifically, we need to have data that allovehesso

know attributes of the patient environment that were present during the care of the
patient. We need information about the overall hospital itself (where is it builtiangev

is it, how many floors does it contain), about a nursing unit design (is it deceatratiz
centralized), about a patient room (how large is it, how many beds does it have, what is
the view of the room, which direction does it face). These design attributes are
equivalent to the experimental interventions.

This sort of data is not routinely tracked in patient medical records. Some of litema
available elsewhere, but identifying these design data sources and conrexctirig t

existing patient data are key logistical challenges in doing l@aje sesearch on the

impact of facility design on health outcomes. Further, for many types ofchsea
guestions, new types of design data may need to be identified, codified, and thed inserte
into the databases.

To illustrate strategies for creating useful, large-scale datangetdiscuss in some depth
the process we underwent in our Latrobe project. We hope this discussion will help
others to understand the goals and objectives of the IDM project and provide some
insights for other research projects.

One of our first decisions concerned whether to focus on design attributefaspital,
nurse unit, or room level. There are important design questions at each of these level
but we decided to focus on room level, for two key reasons: (1) room level issues are
particularly important to the patient’s direct experience of the pHysie@ronment since
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patients generally spend most of their time in their rooms; (2) room levgbatided
the richest data source from a statistical power perspective. This seaesnd can be
further explained as follows.

The 32 pluShospitals owned by Kaiser Permanente make KP a relatively large hospital
system, but from a statistical perspective 32 hospitals would be a relathadlysample

size for conducting research. Each hospital has many patients coming threagih it
year, and we can get information on these patients, but if our research questeons we
aimed at the design in the overall hospital, then 32 is the sample size. For eXan®le, i
were interested in how the age of the overall hospital impacted overall hospital
satisfaction, we have only 32 different hospital ages with which to work.

The number of nursing units varies by hospital, but 10 is a good average number for this
discussion. If we were to focus our analysis on aspects of the nursing uniyenadra
statistical power than at the hospital level. We have 32 (hospitals) x 10 units per hospita
or roughly 320 units. Statistically speaking, 320 is a lot better than 32, but we have even
more statistical power if we focus our research at the room level. Thauotakr of

licensed beds in KP is about 4300, quite large statistically speaking, and, aedistuss
more detail below, there are ways to vary the conditions experienced by &anhipa

the room, which would allow us to take advantage of the larger number of patients who
occupy each room over time.

To illustrate the magnitude of these differences, we list here the cardiddnrvals for

each number of units for the measure “length of stay,” which is one of the key eutcom
measures we consider in the model. Length of stay (LOS) in the hospital in araimhport
measure, since it indicates how long it takes the patient to heal from his dnestai

LOS is commonly used to measure the efficacy of different treatmentshiospéal.

For our illustration, consider an average length of stay of 3 days. If we Isavepde size

of 32, the 95% confidence interval around the mean is about 1 day; for sample size of 300
nursing units; the confidence interval is about .4 days; for 4300 units about .05 days, and
for 100000 about .02 days. So, for us to find an impact of a treatment using a sample size
of 32, we would need to have a very large impact on length of stay—more than half a
day. With the larger sample size of 4000, we would only need an impact greater than .05
days.

Though we obviously want to identify those features that have a large impact on
outcomes, many factors impact health outcomes in the hospital setting. We hasle a m
greater chance of identifying impacts of design elements if we ckmupismaller
differences in performance. A half-day or quarter-day difference ongeydoa all

patients, could still represent millions of dollars in healthcare costs oweramd could
also indicate substantially better health outcomes and lower risks to the.pétie

addition to greater precision in measuring design impacts, a larger sarepf®is us

to consider multiple design elements and contextual issues simultaneously.

!Note that Kaiser Permanente is continuing to oepitals. Thus, the number 32 represents the
total owned at the time databases were created.
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For most statistical methods, the more data available, the more factorsaarsioered
simultaneously. This form of statistical “power” is most important foruradt or
“retrospective” experiments, where existing data can be used to tesliatavrrships in

actual settings, rather than designing a randomized experiment ahead dhtsneh

natural experiments, one must be able to control for as many related factorsilale p@s
larger sample size allows for this. For example, one might want to testghetiof

drinking various amounts of alcohol over time. For ethical and logistical reasons, it
would be challenging to develop a random experiment to examine the impact of such
drinking, i.e., assigning people into groups drinking nothing, one drink a day, three drinks
a day, etc. So one would instead need to look retrospectively at the impact of drinking.
Since people who chose to drink different levels may have other differences, the
researcher would want to control for all those differences that might alstkbd to

health status. Younger people may drink more and are generally healthier veaoudthe
control for age. People who are in chronic pain may drink more, so one would control
for health status. For each control added, there would have to be an increasingly large
sample size to perform the appropriate analysis. We illustrate thess iater on for

those less familiar with these processes, though most people are likely taandtiers
intuitively the high value of large experimental samples.

As we continue to explain the decision to build the large IDM database and whylwve thi
that its large size is an important aspect of its value, we first mentiogitgyphat

scientific rigor is not determined by the size of data sets. One can designrigghous,

or “high quality,” scientific studies with very small data sets, and low gustlildies

using very large data sets. Likewise, there are many approachestatyey scientific
knowledge and, though opinions vary about relative value, we do not take a position that
one method is better than another. Each method type is generally geared tangnsweri
different types of questions. Some methods may lead to more immediatehahblsi

data, some to data that is more widely generalizable, but we do not take any opinion on
one best way of conducting science. Lab experiments, clinical trials, edoicome
analyses, individual case studies—all have their place in generatingfaclenowledge.
Often scientists are limited in their efforts by resource consstaantd they may use

smaller samples than they would ideally prefer. These smaller samplgsetdaresults

that offer less certainty and less precision. Lack of certainty ani$ipredo not reflect

on the quality of the experimental design, and replication of the studies can expand and
further confirm results. Replication of a study can enhance sample siziiveffe

through a separate experiment.

Nevertheless, sometimes a large study that has either a largeentissat sample size

and/or data over time is necessary from the beginning. To illustrate, consigepdoe

of smoking on health. It is well established that smoking has severe healtgumorcsss.
However, if one examined the impact of smoking on health over a period of two weeks
across a couple hundred people, one would not likely see any convincing evidence about
its negative health consequences, as these take many years to developghDeeani

notice a “positive health” impact of nicotine, in terms of its calming effe@gplicating

this study time and again would likely yield the same results, which woudddhe
erroneous conclusion that smoking is not bad for one’s health. When considering the
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impact of design features on health outcomes, we argue that many of the teatieses
may require large data sets in order to recognize important but subtle imphetiyout
of rooms, access to natural light, and related issues may have health impaces that a
important but not measurable in short-term or small sample size studies.

We may find that some design elements, when examined in a large dataseheveo t
not have substantial impacts on health. Results showing that certain designsstement
not have meaningful impacts are equally important. As readers of this know batter t
the authors, the more criteria a designer must consider in creating a huhdingore
constraints he or she faces and, potentially, the higher the cost of the building. If
designers try to accommodate goals mistakenly thought to have an impactettiesna
less able to focus on issues that do matter. If we find that certain desigegeat not
important, we must test this with a large, well designed study to assure ttak ot

miss small impacts over tinfe.

To accomplish our goal to create a large database to support evidence-baged desi
programs, we needed to find a way to link data about room design to other data in KP’s
systems. The key patient identifier in Kaiser Permanente, the MediaaidRd¢ember
(MRN), is unique to each current Kaiser member and can thus link data about specific
patients—their office visits, hospital stays, medical records, etc. Foratieat survey
programs the MRN is also recorded with survey respohses.

MRN, then, links two types of information—a patient’s health records and survey
responses. In order to add room information to this mix, we needed to determine if the
room in which a patient stayed was routinely recorded in his or her medical record.
When we started the Latrobe project, we were not sure that this room rected;exis
fortunately, it was, indeed, noted in the patient’s record. However, room numbers that
appeared in the health records database did not consistently match those noted in the
facilities records database. We discovered that different naming camsehtid been

used after we started merging data files, and that less than 50 percentobtte r
merged. Since 50 percent success would still give us a large sample size, mesddoti
build and test the database while also correcting room naming issues.

Because the mismatching of room numbers was not likely to have been random,
matching all rooms would help to ensure that we were not building a bias into our data
source. To correct the mismatches, the team first looked through the data toiéiad log
matches—i.e., did the letter R precede all room numbers in one database but not in
another? These corrections were easy to make without further investigatiotine B

“Note that from a philosophy of science perspectieeause a large study that does not find
anything may owe its lack of findings to missing #ppropriate measures or experimental design, one
must be careful in drawing conclusions from theadiss as well.

3Please note that there are strict guidelines far &wy of these data can be used as well as high
penalties for inappropriate use. The MRN and thia they tie into are available for use in researciong
as the use is approved by the Institutional Re\Baard (IRB), the body that oversees research #etvio
ensure compliance with confidentiality rules andeayal ethical research regulations.
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remainder of unmatched records required that the team search forlgigmédrawings

or make site visits to look for secondary room signage (the number that was actually on
the door) that would give enough information to link rooms with patient stays. Another
field was added to the Rooms Table in order to capture permanently the Health Connect
alias (additional room number variable). Out of a total of 4,269 patient rooms, 92% have
currently been matched, and the team is working towards 100 pércent.

Matching room data creates the potential to link huge arrays of existingtgatiel data

with room data. We should note that, although we invested great effort to drill all the

way down to the room level, a side benefit of the endeavor is that we also know which
nursing unit the patient was in and, of course, which facility. Since we have informat

on individual patients, we will also conduct research at the “patient-leveigtiiag in

issues like the patient’s gender and cultural background. We are still focusing on the
design elements in the 4,269 rooms, but for some research questions, our sample expands
from 4,269 rooms to tens or hundreds of thousands of patients and patient-stays in the
hospitals.

Access to natural light was the design feature of primary interest iretigarch project.
Accordingly, we needed to create and codify information about light condition intorder
have a “test” variable—the equivalent of a “drug” in pharmaceutical reseaygically,
healthcare databases do not have information about the light quality in a roommethe si
and number of windows, window treatments, etc.

To begin our research, we focused on design elements of hospitals that have been thought
to shape the light conditions experienced by patients. Room orientation is one important
variable, since prior research has shown an impact on patients. Whether a room faces
east, west, north, or south impacts how much light a room gets, and whether it is morning
or afternoon light. Prior research shows that room orientation affects sudh healt
indicators as length of stay in the hospital and survival rate. We decided to loak als

floor level because higher floors are likely, on average, to have less light blgcked b
adjacent buildings, and prior research suggests that rooms facing blocked lgght hav
worse outcomes. The floor level was already captured in our data, but we had to
construct a measure for compass orientation. Below we describe how all thaskesa

are used in the analysis.

“Sacramento was scheduled to be completed by JuBODF, and Walnut Creek and Vallejo by
the end of the same month, when the Diablo SeAwea was scheduled for its annual space reviewkeMi
Mannina, Kaiser Permanente, e-mail communicatidy 11, 2007.

*Note that we review the literature on light's impacmore detail further below in the
document.
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What is IDM?

Kaiser Permanente brought together for the first time three differsnbfsgata to create

the IDM. Now information about the patient’s experience, health conditions, and health
outcomes can be correlated with information about the physical environment of the
hospital room. Consequently, scientific hypotheses and architectural questions about
possible effects of design on patient well-being and satisfaction cartduk desa very

large sample of patients over many years in 30 different hospitals.

The first data source, information about physical facilivesnes from the Kaiser

Permanente National Facilities Services division, which has a Computer Addditids
Management (CAFM) database. CAFM is a system that manages all kety data for

owned and leased real estate assets throughout the United States, which amounts to ove
60 million square feet. The information in CAFM is a combination of graphical

Computer Aided Drafting (CAD) floor plans and discreet data elementsthtd to the
building. It includes specific information about the physical environment at three

different scales: rooms, buildings, and location.

Information about roomscludes a unique room identifier (room number); the
department in which the room resides; the room net area (room square footage as
measured to the inside face of the walls); and the room gross area (net squgee foota
plus a prorated percentage of wall space).

®The entire system includes 32 hospitals, but 3@weapped, and two others, in Hawaii and the
Northwest, were not. Since the latter two curgehtive different data systems, mapping will be daine
later stage. California has been opening up mosgitals, so the number in California exceeds 30.
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Information about buildingscludes a unique building identifier; site identifier; building
name; building address; city, state, county, and zip code in which the building isljocate
building type (hospital, medical office building, or regional building); the name of the
Kaiser Permanente business entity that owns the building; whether the builovmgeid

or leased; the number of floors in the building; the exterior gross building squaresfootag
the site acreage; and the building’s age.

Information about the locationcludes the Kaiser Permanente region in which the
building is located; the (customer) service area; a unique facility ign#flocation
identifier; and the building location type, name, and state.

Since our research goal was to measure the impact of room orientation on health
outcomes, we needed to add an orientation variable to the database. Since the@worientati
had never been recorded on a room-by-room basis, it was necessary to catalognthe
directional mappings. To do so, a facilities team took the plans for all of therGalif
hospitals and validated the directions on the plans by checking the direction of north
against Google maps. Then a large compass rose was superimposed over the entire plan
for each floor. This allowed the team to identify into which of eight directioctbise

each room fell. This information became a new field within the Room Table of the
database. Once these data were linked to the room database, given that the room
database then linked to other patient databases, the room orientation variable could be
used for any desired future analysis.

The second major source of data concerns patient experience derived from patient
satisfaction surveysThe Hospital Consumer Assessment of Healthcare Providers and
Systems (HCAHPS) collects this survey information, but it had never before been
correlated with other kinds of data about design. The HCAHPS “program is a public-
private initiative to develop standardized surveys of patients’ experienttes wi
ambulatory and facility-level caré."This database includes demographic and patient
subjective experience of the hospital and its services. The demographicaitidorm
includes age, gender, ethnicity, self-reported health status, education, aradjéangu
spoken. The HCAHPS survey asks patients to rate a hospital relative to the overall
patient experience of both the physical and social environment. The instrumedéscl
additional patient assessments of areas of care, such as communication wih nurse
responsiveness of staff, clean and quiet environment, pain control, communication with
doctors, communication about medications, and discharge information.

"Each researcher used his or her knowledge of tilititss and best judgment regarding which
direction was the closest match to the orientatioeach room. Mike Mannina, e-mail communication,
July 12, 2007.

®#The program is sponsored by the Center for MediaateMedicaid Services (CMS). The
development of the survey instrument itself is gdithy the Agency for Healthcare Research and Qualit
which works closely with a consortium of privatedgsublic organizations.
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The third important kind of data, physiological data about patient outcosrgerated
by inpatient medical records from the KP HealthConnect System. Thus, the IDM
includes a variety of objective outcome variables, beyond merely patient jp@rsefhat
will allow researchers to measure the impact of design initiatives on tred aell-being
of patients. These improvements in the quality of the data collected increase the
significance of the findings.

Kaiser Permanente spent significant funds to institute the use of a commaarsoftw
system for all of their regions and facilities. Implementation started in 2003
(http://ckp.kp.org/kpindepth/archive/indepth_faq_all.htB007). The Kaiser Permanente
website explains, “The HealthConnect System is important in that it ireegyiall of a
patient's information in a single system.” As of mid-2005, every region of Kaise
Permanente had implemented some part of KP HealthConnect, and deployment was
substantially complete by 2007.

How would these different sets of data be brought together to answer questions and test
hypotheses about the design of light? Specific diagnoses or diseases were toeled |
system using standard governmental codes (DRG’s), which can be used e aoaly
physical environmental qualities (e.g., south facing light) might afffecoutcomes of
different diseases. If differences we observed, that is, if one patient didnaednother

not, then this could mean that an ideal environment for one diagnosis, like stroke, might
not be the same for another diagnosis. We could check to see if stroke patients did as
well in south facing rooms as patients would with heart conditions or other diseases.

With this tool we were also able to investigate whether or not such possible outcomes
vary by different social groups. For example, we would be able to test if fiests of

light on disease outcome are different for men and women, children, adults oil the fra
elderly, or for cultures from southern versus northern latitudes.

The architectural implications of being able to understand the effects ofdrgiifferent
kinds of patients suggest complexity and variation. Accordingly, an ideal Hakpta

not necessarily have to have, for example, all southeast rooms. The architectura
guideline will not be so simple as "it's just better to have more light."

When, where, and how will IDM be used?

Specifically and immediately, Kaiser Permanente will use the tool tiedbe design of
its hospitals and to provide operational guidance for using and modifying existing
structures.

A step-by-step guide to using the new IDM model

1. Create a research question relative to a specific building design andjar des
attribute.



143

This research question can be developed into a hypothesis based on a literature review,
evidence created through focus groups, analyzing key business drivers atioopér
necessity, etc. For example, a research question might be, “Do natural ligtbnar

make a difference to patient outcomes?” The general hypothesis is thalt ligditra

affects patient outcomes; a specific hypothesis might be that southbashbgtens

patient stay (Benedetti et al., 2001).

2. With this general hypothesis in mind, take advantage of the power of IDM kingtili
the data generated by patient stays at 30 plus Kaiser Permanente 108aitiint
rooms, located in different units facing different directions, were coded forcthrepass
orientation.

3. Run IDM to uncover possible relationships between room orientation and different
dependent variables, such as length of stay, patient assessment of the room, and amount
of medication.

4. Check for intervening variables, such as the nature of the disease, gender, age, and
psychological state.

5. The second phase in the research would be to build some well-considered
interventions in order to test research findings in practice. Both the nextpeiment

and others’ published research that have established compelling hypothesesacaiald le
clinical and architectural experiments. In either case, a hypothesisrisosoarce

would have to be well substantiated before committing resources to test it.

Since Kaiser Permanente will be building new hospitals, these ideas can beeput to t
experimentally and evaluated in real life situations. For example, if ssutigkd is
confirmed to be the best healer for some diseases, decision-makers may wish t
maximize southeast exposure for them and locate others elsewhere. A Bospita
designed, built, and occupied would then be evaluated to see how it worked in
comparison with other hospitals. Likewise, efforts to mimic certain tgpeatural light
through the use of different types of artificial light and fixtures could be ini@
randomized, experimental fashion.

6. Perform direct measurements at these sites as required to capture éegtues that
will need to be evaluated post-occupancy or post-intervention.

7. Use the pre-intervention data as a baseline to measure the effectstartlemiion.
8. Collect the post-intervention data.

9. Compare pre- and post-intervention data to determine the impact and outcome of the
intervention.
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10. Apply an econometric model to the cost of the intervention to determine its impact
on the organization and, hence, its worth. Create calculations for “return on invéstme
initiatives, assuming and ensuring that equal or better health outcomebiaked.

Why will it be used?

Large sample size

The Kaiser Permanente Integrated Data Model will be used widely througRtaut
facility planning, fundamentally because it offers a solution to a common preblem
namely, not having large enough samples to yield reliable results. Arshwdwther in
academia or in business, typically have not invested in constructing sampdes oaiz
size and complexity to capture all the variation within a population. The architectura
profession has never invested in large, well-constructed samples regardinughiyibe

or recurrent architectural issueBy contrast, professionals who are required to predict
responses in advance do fund large, carefully constructed samples. For examiole, opi
pollsters and their clients, who want to predict elections outcomes, construct
representative, stratified samples that come extremely close ta$tirey who will win

and by what margin. Similarly, market researchers who want to anticipeateate
demand for a product invest in scientifically constructed samples largehetwopigedict
who will buy what.

In the U.S. today, an important next step for establishing the practice of evideswk-b
design in architecture is to determine how to conduct research with samplesniangé

to cancel out the accidental effects of idiosyncratic extremes. Such sanapllel

increase the reliability of research findings. Further, sufficientwlatdd make it

possible to test a variety of design features while controlling for atyaf conditions.
Instead of samples of 40 or even 100, we need large samples, orders of magnitude larger
but not prohibitively large. Samples in the thousands or hundreds of thousands would
have sufficient statistical power to research many important questions amasehc
correctly, could still be representative of a larger portion of the population. &iopé

the U.S. Census is able to construct a sample of several thousand to capturdyaccurate
the experience of the entire population. Actually, this sample is remarkaalyiis

relation to the 300 million population, but, because it is carefully selected to m@prese
known variations, it is representative and reliable.

One goal in creating the Integrated Data Model is to provide a tool that eilitiafee the
production of straightforward and compelling evidence. We are creating a \g&y lar
sample size in order to improve chances of generating believable and pradise re

Contribution to the evidence-based design movement
Another reason for the usefulness of the IDM pertains to the evidence-based design

movement. Evidence-based design, like earlier research-based appraat@amsdicable
to many types of building projects, but is currently being used in the healthcargyindus
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to help convince decision-makers to invest the time and money to build better buildings -
and realize strategic business advantages as a result” (Wikipedia, 2005).

In the world of design, evaluation ideally provides evidence for the next round of new
buildings. Without evaluation of buildings no one can accumulate a record of established
cause and effect relationships between design features and human experiesce. “P
occupancy evaluation” informs the architect, client, and user whether the ngw des
improved an organization's “clinical outcomes, economic performance, prodyctivit
consumer satisfaction, [or] cultural measures” (Wikipedia, 2005). Academarchses,

for example, the architects, planners, psychologists and other social siarttist
Environmental Design Research Association, have been conducting such post-occupanc
evaluations for the last 40 years, but practicing architects have not been usirasthe

often as their authors might like. The “evidence-based design” movement maggive
impetus to the project of bringing architecture into the culture of sciendeitsvit

continuous cycles of induction and deduction, i.e., formulating a hypothesis, testing it
empirically, and readjusting it for its next test in a new empiricalnggtti

This cycle of hypothesis formulation, testing, and re-hypothesizing has

remarkable parallels to architecture, since a building can be seen as a set of
hypotheses about what will serve its purposes, and these hypotheses can be tested
to determine if they were realized in practice. Evaluations of what worked and
what did not can inform all stakeholders—architect, client, and agencies—the

next time a building of that type is planned. Architectural researahdrsocial
scientists have encouraged architecture professionals to base thyis desl

plans on evidence, and then, after buildings are constructed and occupied, to
collect evidence about their use.

Natural experiment offers safe, reliable, and valid data

A classical laboratory experiment compares two identical groups in idesgttiags

with only the dimension of interest being varied. This kind of study design, respacted f
the precise control that it establishes, is also known to be limited in scope, sample s
and realism. In a natural experiment, by contrast, variation can be studiedft se
affects anything important in real settings. This is like the differenweslba studying
biological processes in test tubes versus in bodies. Test tubes offer precigle contr
regarding a specific relationship, while the living body offers an opportunigetbew

that interaction occurs in the context of other biological processes. Both appraches
useful, and we were able to pursue both in the Latrobe project.

Buildings offer the opportunity to investigate potential effects of such builtztital”)
differences, for example, regarding the orientation of rooms. We know noma s
previously published research that both the solar orientation and the view from the room
have had effects on health outcomes. Kaiser Permanente, having accumulated
information about 30 of its hospitals, is in a position to analyze an enormous arcHitectura
experiment that has been occurring naturally for decades.
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One can tap the information in a naturally occurring experiment only if one hasta wa
take measurements and a method for correlating those measurements. The buildings
themselves already existed; all that was needed was a way to map tHeodathe

rooms, buildings, and locations so that these data could be correlated with patient
outcomes.

Thus, before measuring the effects of a specific design intervention—which can be
disruptive to patients and staff—the team committed to finding out, first, what had
happened over the course of this long, natural experiment about the relationshim betwee
hospital design and healthcare outcomes. After that, narrower, more spgmficrents
could be conducted.

The experiment can itself be conducted using the Integrated Data Model, which has
particular advantages for the experimental process. To illustratedeotise gold

standard of clinical pharmaceutical studies, the randomized, double blind study. Study
subjects are randomly assigned to intervention or control groups. Each group dets a pil
but one gets a pill contains the drug and the other is administered a sugar pill or other
“placebo.” The subjects are “blind” to the assignment. They do not know whether they
are receiving sugar (the placebo) or the drug. The other “blind” party is the
experimenter, who is in contact with the patient but is not told which pill is whichnisin t
way, the experimenter’'s knowledge can neither impact the subject patient thubtigh s
cues nor bias the experimenter’s observations and analyses. The double blind procedure
is important because research shows that the placebo effect is strong and that
experimenters’ own biases can impact the situation substantially.

In such drug studies, achieving this blindness is relatively easy becaustthention is

a little pill, and an identical placebo is easy to create. In the design worleyiaghi
blindness or any other forms of pure equality between control and experimeniaigr
far more difficult, because by definition the intervention—a building—is observable b
the experimental subjects. It is also more difficult in the design worlchiewactrue
randomness, especially in a real clinical setting. Even in experimentsatiddmly”
assign people to different rooms, experimenters cannot know how many factors other
than the intended intervention are really different. For example, consider abtudy
people who were randomly assigned to either east or west facing rooms. Though the
variable of interest was positioning relative to the sun, it is impossiblesifotim of

study to control for all other important factors. Did views from each side of trairimpil
face the same way? Were noise conditions identical? Were these ro@nsdfise

same set of nurses and other professionals, since nurse units are often assigned
geographically?

A strength of the IDM approach is that it is a data set that contains msjpiyaho
buildings. Thus, issues that might be challenging or distorting in one hospital will be
canceled out by all the other hospitals; false effects can be “randomized out of the
experiment.” For example, if we are comparing east and west facing emooss all of
the hospitals, we dramatically reduce the chance of a consistent biassrotesew,

staff, noise, etc. We are randomizing at the level of the hospital. This raatiomis
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not totally foolproof. For example, we must make sure that patients are randomly
assigned to each compass direction, rather than assigning labor and denvexgniple,
to preferred south facing rooms. But this type of randomization addressessuest is
and leaves fewer matters to be controlled through other statistical.means

Ultimate outcome measures

The large size of our data and the metrics available allow us to measurgaicé o
design elements on ultimate outcome, not merely intermediate processes$tteven i
impacts are not strong at an individual patient level. This specific advantatgs tel
some issues discussed above pertaining to the value of large data sets, butsels, in i
one of the most important features of the IBNt. will enable us to measure the impact
of factors like hospital orientation on the ultimate well-being of patients, eoeigh
many other factors (quality of doctors, nurses, etc.) also strongly aftesttpaell-

being. Measuring ultimate impact is important for evidence-based designtimchea|
because ultimately we measure success and make choices based on posttivenimpa
people in hospitals—patients and employees.

Patient well-being is one of the most important ultimate outcomes. Some degige$

do have non-linear impacts on patient well-being. For example, Ulrich, Zimrirag, Qu
and Choudhary (2004), in reviewing the literature on the impact of sound on well-being,
explain that too little noise in a hospital can be problematic, just as cam too mueh nois
People need some stimulation. Similarly, light can have positive impact on mood, and
bright light can at times increase risk of suicide. This non-linearitgaranon feature

in human well-being. We can have too little or too much of many things—food, sun,
exercise, alcohol, etc. The correct amount is likely to be dependent on one’s:context
e.g., recovering in a hospital vs. resting on the beach. Accordingly, we need to know
which levels of environmental variables have the best impact on people in the hospital.
We can learn this by examining the impact of design elements on ultimate outcomes

*To illustrate what we are attempting to do regagditiimate outcomes, we briefly describe a
research project conducted by one of the authatdrformed the analytic approach underlying our
Integrated Data Model (Konrad & Mangel, 2000). sSTekamined the impact of work/life programs on firm
productivity. Programs to help workers balance &hd work pressures had been gaining in popu)ldity
little or no research demonstrated whether theyahaet positive impact on organizational perforneanc
One reason for the paucity of such research isntiagity factors contribute to the success of orgépizs,
all of which together create “noise” when tryingdetermine the specific impact of work-life progsaon
the ultimate outcomes. This measurement noisédeavercome by having sufficiently large samplethwi
enough analytical power to detect the impacts akvwiamily initiatives as directly as possible. Wit
enough statistical power and the proper analyfre@mhework, one can examine the impact of individual
initiatives on ultimate performance, even in siimas when there may be many intervening or competin
initiatives. Konrad and Mangel's work-life stutboked across hundreds of organizations and folat t
work-life programs can positively impact workfongeoductivity, especially when there are high
percentages of female workers and professionals.
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Consider also recent healthcare studies covered in the popular press that have shown how
generally well-understood treatments lead to unintended consequ®r@ken the

complexity of cause-effect relationships in the real world, measuringitect of

initiatives on ultimate outcomes is extremely important. Again, this is naitthat

research that illuminates intermediary mechanisms is not useful—it iy liggful in

moving scientific inquiry forward. But we do insist that one needs direct evidence of
ultimate outcomes to be confident about the impact of one’s decisions. The amount of
data contained in the IDM, and the measures included in it, allow researchers toecompa
the effects of different policies and arrangements on ultimate outcomestaids out

as a major value of the IDM tool.

All research carries with it some risks of different sorts, and therknaits to using the

IDM, both practical and financial. To begin, some things will still be easiestohzn

others. For example, measuring serotonin levels in individual brains would be expensive.
Moreover, finding differences by personality or individual physiological respongght

will not be possible unless survey instruments are adjusted to include itemdlthat wi
measure that difference. The natural experiment lends itself to easisuras.Kaiser
Permanente will necessarily consider cost, impact, and ease of each iable \@atded

to the database. Light, for example, is easier to measure than color betausensore
multi-dimensional that light per se.

Another limit of this research is that it takes time. Once in place, it can ipdient
answer many questions posed by medical practitioners, hospital managershaactsrc
However, the political will necessary to establish this comprehensive sataiagy not
come easily in other organizations, in part because it takes time to set it up. téorpora
culture demands quarterly results, and this kind of research enterprisesagomger
term and different perspective.

Other risks might entail spending too much money for inconclusive results, the harm
caused to those in the experimental group exposed to a new drug, or to the control group
by withholding a potential cure. But analyzing the effects of light on vari@asunes of
disease over decades of a naturally occurring experiment at a lalgéselatively risk-

free.

Since this is basic research about the primary elements of environment, patient, and
medicine that has potentially profound significance, why has it not been done before?
Perhaps the project of mapping the human genome provides some insight into why basic
research can take as long as it sometimes does. That project did not require tlminvent
of new measurement techniques; rather, it required a commitment to assemble

%New research suggests that being moderately ovgmvigiads to longer life overall (Kolata,
2007). Although being overweight increases thie sisheart disease, other diseases are less pnévale
Likewise, a class of cholesterol lowering drugs lb@sn shown recently not to have positively impécte
heart health. Interestingly, the connection betwagesity and heart disease has long been known, bu
when looking at overall survival, the picture isdeclear. Likewise, drugs such as statins, wiiolef
cholesterol, have been shown to decrease heassdiskbut apparently not all cholesterol loweringgdrdo
so, and overall survival for those not showing seveart disease is not increased (Parker-Pop8).200
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information all together in one place. So, too, our first exploration of how the basic
components of a healing environment come together can be followed by specific
interventions under more controlled circumstances, as needed, to clarify quistions
will inevitably emerge from the research process and its findings.

Health relevance

We have noted that IDM integrates heretofore disconnected data sets, whiah lbave t
connected in order to answer questions about the relationship between the designed
environment and healing. Also, it does this for extremely large samples. Witla IDM
designer-researcher can utilize readily available data on sampéegeaas 100,000
patient-stays. As noted earlier, epidemiologists prefer large sartgplassure that
variation in variables other than the one under study average out. This powerful
integration allows us to answer many questions about the relationship between
architecture and health precisely.

Moreover, while we can test specific hypotheses, we can also pursuegxplo
investigations. For example, some literature has described the effeptsrable

windows in schools, but no research about operable versus fixed windows in hospitals
has been found by those who have conducted systematic reviews (Boyce et al., 2003).
This powerful new tool makes it possible to add this to the KP data sets as an
independent variable. There would be a cost to add a new independent variable, but
because all of the dependent variables are already in place, such a shadgantext of

this larger integrated data set will cost much less than starting framclsc

How IDM Can Be Used to Test Hypotheses about Healin
Environments and Light

Now that the IDM has been described in terms of who created it, what it is, and when,
where, why, and how it will be applied, we can turn to a review of previous scientific
findings about light and human health in order to demonstrate why this model offers the
means to make significant scientific advancements. With this powerful mosksych
guestions can be formulated to address unexplored issues, resolve inconclusive findings,
and test promising findings in need of further substantiation.

The entire team chose to focus on the empirical investigation of the role ahlilet

design of the hospital environment, for many reasons. First, architects inlpasdicd

people in general feel that light is important. Second, researchers have atreddgted
sufficient empirical studies to confirm that light has effects on human hedithd, this
background of prior research has produced a series of hypotheses, some competing and
contradictory, others complementary, which we can test, and, thereby, makdieasigni
contribution.

This review demonstrates that prior research on light has raised as mamnguesit
has solved (or, to put it more positively, has yielded many hypotheses that mieeit furt
testing before designs are changed). Importantly, our large integragesetiatan be
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used to clarify some of current and competing claims about the role of lightdeslmmn

of healing environments. Conventionally, a review of the literature comes at the
beginning of a scientific paper, followed by discussion of method. Here, however, the
order is reversed: the literature review demonstrates both actual and potentia
applications of the IDM. We turn now to some of what has already been published about
the effects of light on healthcare.

Natural light

One major review of 600 articles on healthcare design (Ulrich, Zimring, JosephgQua
Choudhary, 2004) concluded that more research on the role of light would be helpful,
noting in particular that relatively few studies have examined the efféghotind other
environmental factors on preventing medication errors. Based on researah tmdaif
the researchers’ primary recommendations is to improve lighting in hespéaspecially
access to natural lighting and full-spectrum lighting” (p. 27) because ohitfitial

effects on mood and recovery rates. T his hypothesis can now be tested on Kaiser
Permanente's extremely large sample.

Another basic hypothesis is that using daylight rather than artificial kgletss
energy. However, we do not yet know if the cost of long and thin versus large
and “fat” floor plates offers financial return on investment. While making this
evaluation on the basis of health and healing must be part of the calculus, first,
how much do we know about the effect of light on health and healing? One study
found that rooms with direct, bright daylight reduced stay significantly in
comparison with rooms with no direct, dull light (Beauchemin & Hayes, 1996).
The same authors (1998) reported that people die at a higher rate in north-facing
rooms than in others. These two important findings merit further testing before
investing in the long, thin floor plan, which is more expensive than the large, “fat”
plan.

Other research on environments that are lit by daylight rather than logiartif

light suggests that south and east daylight is superior to north light in regard to
healing, but this hypothesis has yet to be tested on extremely large samples.
Another study found that when east light was blocked by a tall building, patients
in rooms on the west side recovered faster than those on the east (Walch, Rabin,
Day, Williams, Choi & Kang, 2005). These findings give weight to the

hypothesis that daylight has a significant effect on health outcomes, and suggests
a refinement of this hypothesis, namely, that the different qualities oftdayli

have different effects on health.

Some ideas about the role of light in hospitals invite further testing becausebey ha
significant design implications. For example, an architect or planner wauittesknow

if the view outon a window is even more important, or at least important in very different
ways, than théght that comes in through window (Boyce, Hunter, & Howlett, 2003).
Objectively speaking, windows are merely a means for delivering lighthvelic also

be delivered through electricity. However, windows are preferred bedaysalso
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provide a view out. Ulrich (1984) studied the effects of views out of windows on 46
patients recovering from surgery in rooms with two different types of vielwsseTwith

a view of nature (versus a view of a brick wall) “had shorter postoperativadiatpys,

had fewer negative evaluative comments from nurses, took fewer moderate and strong
analgesic doses, and had slightly lower scores for minor postsurgical catopk”

(Ulrich, 1984, p. 421, as cited in Delvin & Arneill, 680). Ulrich’s later research (in 1990
and 1991) found that scenes of nature influence faster recuperation than urban scenes (as
cited in Delvin & Arneill, 681). This confirmed earlier research by Kaplan, Keghal
Wendt (1972) that, in general, people prefer scenes of nature to cityscapeeB3esig
would benefit from further research on views and the specific propertiehibHig

amount, hue, cyclical variability—that make it a health benefit, so that theyadesm m
appropriate compensations as required for unusual sites and circumstanbépersg,
whether artificial or natural. can be a source of stress (for example) gtawell as

benefit, so learning more about how different qualities of light specificliéfgtehealth is
one goal of this research. Delivery of light, whether through windows, atifi@ans,

or some combination, has tremendous architectural significance. Decisiorsmmalst

be aware of the importance of architecture in this regard. If appropriatedfinds
architectural arrangements can reduce length of stay or have somme#serrable

benefit, architecture becomes both a medical and financial tool.

A provocative hypothesis has emerged from experts’ well-documented
observations—that, in addition to any practical consequences, people simply
prefer daylight to artificial light. In one comprehensive review arbdehe
benefits of daylight, the authors (Boyce et al., 2003) call for a test of what has
come to be known as the biophilia hypothesis, the intrinsic love of and benefits
from contact with other living things, including views of them. The research
model we have developed during the fellowship period will allow us to test this
hypothesis as well. If the Kaiser Permanente Integrated Data Model daed, in f
supporting the biophilia hypothesis, it would have important architectural
consequences, and might even imply that access to natural light should be a legal
requirement, as it is in some European countries (Boyce et al., 2003).

Light and Circadian Rhythms

Collectively, researchers have learned some things about light and cindadians in
relation to numerous health outcomes, including medication, especially pain noadicat
length of hospital stay, patient satisfaction, provider satisfaction, varicasunes of
well-being, mental status, anxiety and depression, pain self-rating, sleppalhos
acquired infection rates, stress behaviors, weight and weight gain @lspeci

newborns), patient comfort (self-rating), and physiologic indicators like retas, iblood
pressure, and respirations. More empirical studies have been conducted regdrtding lig
relation to mood, depression, and Seasonal Affective Disorder (SAD). The findings
indicate that effects can be different for each disease category. [Sheynderscore the
need for additional research because of differences and ambiguities in the dtladies
one has established which is more important, duration of daylight, direction or timing of
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light, brightness of daylight, or even artificial light. Here, too, Kaisem@aente's IDM
can help clarify the relative influence of different aspects of light onhhealt

Moline, Mellerup, Bolwig, Scheike, and Dam (1996) studied the influence of climate on
the development of winter depression in Copenhagen. Neither cloud cover nor rainfall,
nor atmospheric pressure, correlated with scores on the Beck Depression Inventory
(BDI), but minutes of sunshine, global radiation, length of daylight, and temperadure di
This confirms the general theory that lack of light contributes to Seasonativdfec
Disorder. Further, Lewy, Bauer, Cutler, Sack, Ahmed, Thomas, Blood and Latham
Jackson (1998) discovered in northern countries (45° latitude) that morning light is at
least twice as effective as an antidepressant as evening light inattneetné of SAD.

This would suggest that east light or southeast light might have more signéfifeants

on health outcomes than light from other directions. However, other research suggests
that thetiming or direction of lighis not as important afuration

In particular, Lambert et al. (2002) studied the effect of sunlight and seasomtumse
turnover in the brains of healthy men aged 18 to 79, because serotonin is thought to
regulate mood and low levels are linked to depression. It is lowest in winter arity direc
related to thelurationof bright sunlight. Similarly, when Knight, Thompson, Raboud,
and Hoffman (2005) studied the relationship between light, exercise, and melatonin
production in women (because of the possibility that melatonin protects agairesf)canc
they learned that season dadgth of dayeffected melatonin production, but light
brightness did not. Similarly, Wallace-Guy, Kripke, Jean-Louis, Langer, Elliott, and
Tuunainen (2002) studied the effect of evening light exposure on sleep and depression in
postmenopausal women, who often report problems with depression and waking up too
early or too often in the night. The amount of light during the 4 hours prior to bedtime
had no effect, but thietal amount of lighturing the day did. The greater the amount of
light, the less the depression and the less the sleep disturbance. The authorshatiggest
the total amount of light, rather than the timing of the light, may be whatisatrand

they call for further research to clarify this finding.

Atrtificial light may be able to compensate for some of the benefits oigtihylEagles

(1994) found a close association of mood with hours of sunlight, both "today" and
"yesterday," for bipolar patients. But when artificial light replacedighnlthe

correlation disappeared. In other words, when artificial lighting was used,nbti

matter if the day had many or few hours of sunlight. However, in windowless, intensive
treatment rooms, patients experienced more delirium, hallucinations, and delusions tha
in rooms with windows and daylight (Keep, 1977; Keep & Inman, 1980). These subtle
differences in findings call for testing hypotheses about comparateet®f the

direction of light, its brightness, and duration as an important next step. A very large
sample will be needed to tease apart these effects.

Additional research may also help resolve an apparent paradox discovered by
Papadopoulos, Frangakis, Skalkidou, Petridou, Stevens, and Trichopoulos (2005), who

They speculate that this could be because of ffieuliies of measuring light brightness and
the light spectrum.
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studied Greek suicide data for ten years (1992-2001). They learned that sukdsle ris
significantly associated with solar radiance (brightness) the day beéosaitcide

especially, and also for the previous four days. Males needed longer sunshine exposure
than females to trigger suicide. In general, light seems to affect humtznerdly by

gender. What is more surprising even than gender differences is the pg<biili

sunshine appears to trigger suicide and to lift depression.

Gender, mood, and light

The effects of light on mood fade over time. Mood is less stable than personality
structure (for example, optimist vs. pessimist). Both mood and psychological
predilections have been studied in relation to light. In a study of depression, Benede
Colombo, Barbini, Campori, and Smeraldi (2001) found that morning eastern sunlight, in
contrast to western windows, reduced length of hospitalization in bipolar depressi
Bipolar depressed inpatients in eastern rooms (exposed to direct sunlight in tivegimor
had a mean 3.67-day shorter hospital stay than patients in western rooms, but no effect
was found in unipolar depressed inpatients (the average stay was 23.45 days; the
improvement was about 11 %). Will such differences hold up when a test of the
hypothesis about this effect of eastern light is replicated in the sample of 3talscepd
thousands of patients now offered by the Kaiser Permanente Integrated dizig M

What about reported male-female differences in response to light? In tiggiio$t

depression, Beauchemin and Hays (1996) found that sunny hospital beds facing due east
reduced length of stay for recovery from depressions for both sexes, compared to those
beds that receive no direct sunshine. But the effect was stronger for malesinrhos

sunny rooms had an average stay of 16.9 days, compared to 19.5 days for those in less
well-lit rooms!? This difference, consistent over the seasons, appeared more marked in
males—bright rooms, 15.3 days, darker rooms 22.1 days—as compared with females—
bright rooms, 17.9 days, darker rooms, 18.6 days.

Knez (1995) and Knez and Kers (2000), studying differences between cool white and
warm white light in relation to mood, also discovered differences for males matete
Males’ mood is best around 3000K, whereas females’ is best around 4000K. They also
found that females think 4000K is warmer than 3000K. In general, they found that
females have more emotional feelings about light than males. If thesedés hold

up in Kaiser Permanente's large sample, designing ways to adjust lightingrie\alor

in each room (whether through external shading devices or interior lighesXtoas
medical, psychiatric significance depending on whether the occupant is mateabe f

If architects, and those who hold the purse strings, know that paying for adjustable
shading devices improves mood and, thereby, possibly increases patient iatiafatt
reduces length of stay, they will have a way to justify this expense, osawleigh it
against other expenses. In any case, this finding suggests that light ecayafffonly

2 difference of 2.6 days (15%): P < 0.05.
“However, a subsequent analysis of variance to disdateraction effects of group and gender
was non-significant. thus, females may still be itore affected by light, as the Knez studies ssigge
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mood, but also more stable psychological conditions, like general outlook on life. This
guestion about differential effects on mood and psychological structure is onesthat ha
been identified in the research literature and may merit further inviestigesing the

IDM.

Age

Light may have different significance at different stages in theyitée* Infants

respond differently than elderly. Because premature infants have troublegleegi
gaining weight, researchers (Mann, 1986; Miller, 1995; Blackburn & Patterson, 1991)
have experimented with variation in light to recreate a normal night and day ¢yall
three studies infants who experienced a day and night cycle repeated bothl @mgsic
behavioral developmental benefits— including more sleep and weight gain—in tontras
with those in nurseries with constant light and noise levels. From such studies we
hypothesize that variation in the amount of light might be more important than any
particular amount of light, a hypothesis that can be tested using the IDM.

Light per se cannot help resolve every problem. For example, 16 percent of premature
infants suffer retinopathy, inadequate development of the blood vessels of the retina
Several researchers who conducted experiments to test the role of tightdisorder
(Ackerman, et al., 1989; Kirchner, 1998; Reynolds, 1998) decreased light levels for an
experimental group in different ways, but observed no differences in the incidence o
retinopathy compared with control groups. This could be because the light levels were
still not sufficiently reduced. however, because the incidence and sevehgydisorder
decreases the longer the infant is in utero (Retinopathy, n.d.), developmental dttutor
than light are more likely responsible for the failure of blood vessels to have develope
properly in premature babies.

Ethnicity

What is the effect of ethnicity on one's relation to light? Are the effatitgral or

individual? Euro-Americans, Hispanic Americans, African Americans, amthAs

Americans have different responses to some issues of interest to hospitallémcinea
providers—e.g., family pride, substance abuse, parent smoking, self-esteensioepres
suicide attempts, perception of high rates of peer substance abuse, perception of peer
approval for substance abuse, and delinquent behavior—but none of these are directly
relevant to light. Without a clear theoretical expectation for differepbreses to light

or consistent observations leading to such a hypothesis, no research has been published
on cultural differences in response to different qualities of light in any satiirigding
hospitals.

Color has been associated with culture. For example, white symbolizes puritglo: A
Saxon culture, and death in Chinese culture. Orange symbolizes good health in East

“The adolescent patient wants a TV, music, telephane a place for his or her stuff; the elderly
are more sensitive about being disturbed by somdhiospital than media- and communication-oriented
adolescents. This suggests a management poliaydieg assignments to double rooms.
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Asian Indian culture, but is less popular in Euro-American culture, symbolizingrcaut
for roadwork. These anecdotal reports that ethnic groups have different reaxctions t
different colors have not been substantiated through published empirical studies. This

using IDM, which contains data on ethnic identification.

Even if a connection exists between color and culture, does it matter? Thathsrare
health consequences to being in the "wrong color’ room? Since California #gpecia
and the rest of the United States in general, is becoming more culturaligdesteous,
being able to consider possible effects on the cultural perception of light andscolor
another valuable exploration made possible by the Kaiser Permanente €t
Model.

This review of the literature points to unexplored research questions, contradictory
research findings, and important hypotheses that need further testing ehtcelygint

and health. It implies the specific ways in which the Integrated Data Moldielewi

useful in health care design research. More can be said about the value and ke of ID
when we turn to a consideration of healthcare decision-making in architecture.

Use of the IDM in Healthcare Decision-making and Cost in Architecture

In healthcare, decision-making is a not based solely on financial consideratawmnsg S
lives and healing people are goods in and of themselves. Nonetheless, quantiBcati
useful in that it helps us compare alternatives. Moreover, it is possible to quarttify bot
health outcomes—Ilives saved, pace of healing—and financial outcomes.

In terms of health outcomes, the chief dependent variable would be the number of days
in hospital, or length of stay (LOS). Methodologically, reducing LOS would be & prox
for healing. From a public-health point of view, it indicates a faster pace afidneald

less exposure to risks posed by hospitals (e.g., infections). From a personaitiperspe
leaving the hospital usually means going home to greater personal coméornt.aF

planning perspective, if one arrangement reduces LOS and another does nat,ahere i
serious basis for choosing the first.

Similarly, number of lives saved can be quantified. For example, imagine thanh@ring
natural daylight into the center of each building required long, thin buildings, only 30 feet
wide, and that doing so would save .2% lives per years. One could calculate the number
of lives saved over the life of the building. Imagine also that some other aspect of
medical care, for example, speed of nurses’ responses to patient catldj\ssvat the

rate of .5% per year. One could also calculate number of lives saved over théhde of
building. If the two features were complementary, one could consider investindpjn bot
but if they would require a trade-off (if longer buildings increased nurses respuoaje t

then decision-makers would have evidence on the basis of which to choose one solution
over another. Thus, quantifying financial return on health outcomes will help decision
makers decide which features are the best investments.
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Sometimes quantification is financial. More efficient and effective isssemetimes less
costly care, but, even so, knowing what the extra investments are buying igmhpor
Are they buying the most effective possible care? Research usingvhis IBtended to
be cost neutral—that is, to describe trade-offs to decision-makers.

One important example of the need to quantify financial return on investmens telate
windows. Neither the health nor financial returns on different features of wirtubwes

been measured (Boyce et al., 2003). For example, if windows of a certain sizg@are m
important than operable windows relative to lives saved or LOS, then it would be easy to
justify investing in windows of that size rather than in the hardware to make them
operable. However, the estimated cost of heat loss for every additional squaife foot
window would also have to be figured into this equatfakaiser Permanente's use of the
Integrated Data Model can contribute substantially to the goal of quantifyingHhzot

medical and financial value of windows.

Preliminary findings and analysis illustration

In order to further illustrate the potential uses of the IDM model and how it caseble

we discuss here some initial, preliminary findings of the model. We cannot engphasiz
strongly enough that these findings are preliminary and that we have pdtttesin

enough to believe that they represent true reséisswe refine our models with

appropriate additional variables, the results will change in substantial ways.w@nc

have completed building the statistical models, at minimum we will need todadee s
organized measurements of environmental conditions in a sample of rooms in order to
feel confident that we have results that can be published. Since we are déhling w
research in the healthcare realm, we must be prudent, i.e., we must not put forth unready
findings that would then be looked to for possible changes in care protocols.

Despite these reservations, we share the information at this point since it proxede
hope, a clear way to illustrate the specifics of how research of this sort candeeted,
as well as insight into the steps taken in our initial research efforts. We bdgoking
at key variables chosen for our analysis.

The IDM has the potential to use many different measures of health outcpatesits’
perception of their care, need for pain medication, readmission rates, stamw#ngth

of stay, among others. As mentioned above, we decided to start our analysis gging len
of stay (LOS). To reiterate why, LOS has already been used as amdnahaaxamining

In this regard, Keep (1977, p. 600) has remarkédntiow size is a compromise between the
need to afford a satisfying view and the need ttseove energy and afford privacy. When window &ze
reduced, the shape and position of windows cariteeed to optimize the view.” This researcher cdfthe
hypothesis that views that include three “layers”reumd, middle, and sky—are best, and that the middle
layer is best when it is natural rather than malena-urther, people prefer wider windows (3.1 an) f
near objects than for distant objects (2.4 m).alimKeep reports that people like windows to que@0-
30%of the wall.
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the impact of light conditions on outcomes. It is a commonly used measure of tieatme
efficacy in healthcare research. It is generally objective, easily fjahlgj and, perhaps
most importantly, a measure of ultimate outcome rather than intermedia¢sgesc

While both process and outcome measures are useful, our main research goalevas to se
if design attributes and care environments have an impact on ultimate outcomes.

In addition to LOS, we used the patient’s “overall rating of the hospital durangstay”

as an outcome variable. This rating appears as one question at the end of the
government’s standard survey. Although the patient’s perception of his or her care is not
the same as a clinical outcome, overall perception is in and of itself an important
outcome.

With LOS as the initial dependent or outcome variable, we then needed to choose the
primary independent variable(s), i.e., variables that represent the desigmisieve

wished to test. As we discussed above, the data set already included an indication of
floor level set, and we added by hand a variable to indicate which direction the room
faced (east, north, etc.).

We begin our analysis with the floor level variable, since compass orientation had not
been fully mapped. Our initial analysis showed surprisingly strong support for the
hypotheses that rooms higher up had shorter lengths of stay, with the assumed
mechanism being greater access to light. The word “assumed” is quiteanmpdie

needed to do further analysis to determine if light access was, indeed, thetkeyr if

there were other explanations. For example, Ulrich (1984) has shown that the view from
the window can impact outcomes. It is possible, then, that higher floors have better
views and, thus, the view leads to the outcomes. Indeed! We would most likely have
needed to measure the view to separate these mechanisms fully. Before wefgaqt that
though, we noticed other telling relationships in the data.

In examining the results for each individual hospital, we found that the longest lengths of
stay were on the first floor for most hospitals, but on the fourth floor for one. This was
unexpected. After a bit of investigating, we determined that the IntensiedJads

(ICUs) were located on the first floors of most hospitals, but on the fourth floor of one.
Thus, our analysis had successfully located the ICU units! More seriouslsittilaigon
illustrates a common process used for natural experiment research. Gneitdtaa

simple model and works to make sure that all variables needing to be “controlled” are
included in the analyses.

Though we could still find ways to measure the impact of floor level on LOS, while
controlling for ICU location, the initial results did not indicate a strong inpac

Therefore, we turned our direction to room orientation, since some evidence in previous
literature has shown orientation to have an impact. Our research team had mapped
sixteen potential compass points—North, NorthNorthEast, NorthEast, EastNorti&ast, e
Ouir first step was to calculate the average LOS for each compass poimt€as made
“simple” only after our extended team manually remapped the 4000 plus room numbers
and assigned a compass direction to each room by hand).
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We next needed to take steps to make sure that we controlled for any variabesittiat
lead to a spurious effect. The key issues we needed to look for were variablesutdat w
be related both to our dependent or outcome variable, LOS, and the independent (or test)
variable, compass orientation. For example, different nursing units may havendiffer
types of window treatments than others, and these can impact the quality of light tha
enters the room. If light quality impacts recovery, as some hypothesizajld

potentially impact our dependent variable. We would have to control for this formally in
our models, though, only if there were some systematic relationship between window
treatments and compass orientatidthe independent variable. If the variation is not
systematic, these differences become unbiased measurement errornaashaceout by

the large numbers of our sample. In contrast, consider the issue of differerdftypes
hospital patients. If there is a realistic chance that certain tygegiehts are directed to
one compass orientation more than others, we would need to control for that. Maternity
patients are one key population that comes to mind. Conceivably, some hospital planners
decided where to place maternity units based on sun exposure—either wanting the
brighter light of a southern exposure, the more peaceful lighting of northern expibsur
good morning light of eastern exposure, etc. Since maternity stays arallyesteort—

about two days—if all maternity patients were directed to southern exposuneuice

see a shorter length of stay in south units based solely on this assignment. Evda if w
not know that hospitals are intentionally structured this way, we need to controllor suc
reasonable possibilities.

Below, we list some key control variables that we have been using in the model, along
with an explanation of why we think they are important. We also mention others we are
considering adding and why. Our statistical approaches include diftgpestof
multivariate analysis—OLS regression, logistic regression, etc.—whav ane to

consider simultaneously the impact of independent variables (compass orientation)
against our dependent variable (LOS) while controlling for many contextuaiddahat

can impact this relationship. (We will not get into all the details of why wasang

specific methods here, but just want to mention that certain types of data cenjtane

types of analytic methods and that we are using various methods to explareskips

in more detail.)

Patient Type Along with maternity patients, we are controlling for the key services of
surgery and medicine. These are key patient types that may be relatedrieptane
the hospital.

Diagnostic Related Group (DRG): DRG'’s, standard government codes that indicate
specific diagnoses of the patients, represent a much more finely-graicéditapen

than patient type. For example, there are approximately 25,000 separate DRG
designations. To work with these in a meaningful way, we will group them into

%We did control for facility, as we mention later,avhich would control for differences among
the facilities in areas such as window treatmefis: example, if a certain set of facilities halkie same
type of window treatment throughout the facilitpntrolling at the facility level could help contrfar this
pattern.
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categories. We can use the DRG designations as a further check to make sure tha
differences in compass orientation are not due to certain types of patiegtsibected
systematically to certain sides of the hospital. We can also use them fto see i
light/compass orientations impact different types of ailments (becagergeys research
has demonstrated that certain conditions are more affected by light than. others)

Season: Time of year impacts the quality of light and the direction of the sun’s
movement. The impact of orientation on LOS may thus be substantially differemt, eve
directionally different, at certain times of year. It may also hasteamger or weaker
impact at different times of year.

Facility: Since some facilitiemmay have different lengths of stay and face different
directions, or both, we will need to control for facility.

Region: Distinct climates inherent in different California regions may imgaet t
orientation or length of stay.

Patient demographics: Gender, ethnicity, health status are all variables that can be
controlled to help ensure we are comparing apples to apples. We can also use
information about patients to see if design elements impact different groups of people i
different ways.

Survival: Previously mentioned research has suggested that orientation can even impact
whether a person survives the hospital stay (Beauchemin & Hays, 1998). We dsdume t
such extreme effects are not common and, like all research, needs to be fpliteede
Nevertheless, we will need to control for survivability, since a shorter hosfatatould

mean either that a patient recovered more quickly or did not recover at all.
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Our initial draft results are presented in Graphs 1-6. These “spider” graphiseplot
results in a form analogous to compass orientation so that one can visualize theopatte
the results as they map to the compass. In order to perform the type of nawdivari
analysis we thought appropriate for data of this sort—a logistic regresgien
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dichotomized LOS into less or more than 10 days. The sample size is over 24,000 patient
stays. This draft analysis uses data only from southern California, since,i$ticédg
reasons, that data set was ready first. The northern data, which has the rédmed,ma

will ready for analysis shortly. We offer views of the relationshiph séveral different
variables: Graphs 1-3 show the relationship of orientation to LOS, with LOS reeéasur

as an average, a median, and the percentage of cases with a LOS greater than 10 days.
Graph 4 shows the “odds ratio” (a common measure used for interpreting i& logist
regression) of the length of stay being greater than 10 days. The highatio, the

higher the odds of the LOS being greater than 10 days. Each of these analyded inc

the following control variables: Facility, Visit Type (Medicine, Surgery, @iiith), and
Season. (DRG will be added when fully categorized.) Graphs 5 and 6 show the
relationship between patient satisfaction and compass orientation forealldfypatients

and for all types except maternity.

In looking at the results, we see some subtle patterns, but nothing dramatics ngtis i
surprising since one would not expect orientation to have a dramatic impact on LOS.
Given our large sample size, most or all of these differences are callyistignificant,
meaning they are not due to random luck tied to our sample of patients. However, the
guestion remains whether the differences are truly tied to room orientation or $@me ot
unidentified factor. Since these are preliminary results, we discuss ordyissoss

related to our key relationships here. We do not go into full detail regardingchtist
specifications since these models are not complete and such in-depth discussion will
distract from our larger points in this report. Likewise, we have not statedlfor
hypotheses. The literature review above leads to some obvious ones regarding the
benefits of east facing windows and the downsides of north facing, and we discess thes
briefly below; detailed hypotheses will be developed later when chainsisd¢ ead

effect are more clearly specified.

The results show that rooms facing north and west tend to have longer lengthsaofistay
lowest levels of patient satisfaction. Previous research has suggestsatiinédcing

rooms may lead to lower survival rates among cardiac patients (Beauchetaiyes,

1998); our study may be picking up on a similar dynamic. Yet we cannot assume that w
have a definitive finding at this point, for several reasons. First, as we addexdsctnt

the statistical analyses, the results have changed such that somdtienesientations

perform worse than north. (Therefore, we must be especially careful to include
appropriate control variables.) Second, the observed pattern across neighboring compas
points is difficult to interpret. The results would be easier to understand if welesaw
patterns, e.g., that all of the compass points to the north (NE, N, NW) have a similar
impact, and all south (S, SW, SE) have a similar impact as a group. However, the NW
and NE orientations have shorter LOS and higher patient satisfaction. Whytmsdghe

true? Perhaps the dullness of full northern exposure is bad for patients, but the indirect
lighting of NW and NE presents the correct balance of light variation withtingéhe
intense, direct sun of East or West. The shading of the partial northern exposure may be
especially useful in the hot climate of southern California. These explanstiond

plausible but at this point are still speculation.
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An important issue that has emerged from our initial analysis is that the distribtit

room orientations is not even across the 16 compass points we mapped because most of
our hospitals are four-sided, i.e., not round. To deal with the uneven distribution, we
reduced the original 16 points into 8, as these graphs currently show. This helped to even
out the distribution.

Distribution is a potential issue, because if we have only a few buildingg fa@ertain
direction, the shorter length of stay in that direction could be coincidental, due toghe typ
of care provided in those buildings rather than the directions they face. We cah contr
for the impact of individual buildings, but, given the potentially large impact of thig|s

we need to build the statistical model carefully to deal with this reality.

Likewise, the existing literature does not articulate any relative adyestd closely

related compass points, e.g., NNE versus NE. For the most part, existing stuctaes cont
eastern directions (with morning sun) to western directions (afternoon sun), or the
relative lack of sun of northern exposure to the brighter southern exposure. Thexefor
next step in our analysis will be to combine current orientation variables intofa set
contrasts—all northern points versus all southern, all eastern versus athwdésje
combining these categories, our tests will be more in line with existingyttiedr

expects east to be better than west and north to be worse than south.

Finally, we are using orientation as a proxy for light. Later, if we takekhartganized
measurements of light and other environmental conditions in the rooms, this would
increase confidence in our findings about the impact of orientation on LOS. With our
room linking process, we can add these measurements directly to the database and
conduct analyses to explore the relationships. Because these measurementskeould t
substantial time, we would not do them for every room, but such a sample would be
extremely helpful.

Future research projects

The IDM already includes other variables that would allow relativelykcanalyses to

be conducted on other design related topics. These are beyond the content focus of the
Latrobe study, but we mention them here to give a further sense of the potential of the
tool. For example, since we have information on the number of beds included in a room,
we could measure the impact of number of beds on LOS, on patient satisfaction, and on
hospital-acquired infections (we have these DRGs). We have information aboaethe si
of the rooms and could add data about how far the rooms are from the nursing station.
Once this measurement is added, we already have the data in place to lookpatdts im

on LOS, survivability, patient satisfaction, etc. Once the infrastructuet igosthe

logistics and cost of conducting large-scale research are greatbgdedwe do not want

to give the impression that one will merely be pushing a few buttons. On the contrary,
the structure of the research will require careful consideration, epédcalditional
measures need to be created. But the length of a research project will be remued f
matter of years to a matter of months, and the cost reduced by many zeros.
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Summary: Why KP’s IDM will be useful and influential

This study has the capacity to make many contributions to the project of defiding a
designing healing environments. If the IDM model is used in a systewsfito create
evidence in a healthcare setting, in time it will be possible to articulseakeates a
healthy environment. Once all of the components are known, architects and policy
makers can successfully create healthy environments in hospitals.

The importance of light, and circadian rhythm in particular, to both patients dihdasta

been established by numerous studies, but these hypotheses are tentative and have not
been tested on extremely large samples. For the first time reseavdhikesable to test

these hypotheses on samples as large as 100,000 cases, and researchetfseran test
across multiple facilities, simultaneously.

Healthcare decision-making will benefit from this project. The econonmatrde! will
provide designers and owners with a tool to evaluate the cost-benefit of diffesigmt de
options. This will omit the aggravation for design professionals in having to persuade
owners to pay for design solutions that have demonstrated financial benefit.
Theoretically, this might even decrease the need to build more buildings if bette
management policies emerge. For example, if certain diagnoses respenthbatt
others to daylight , the total savings in patient days that might accrue siyngmgilgning
the right patients to the right rooms could conceivably reduce the overall demand for
rooms.

The possibility of different outcomes for different disease categoriesiviawie

important management implications in concert with physical design implicatiors
example, assigning people to the sunny sides of a building might be espagalitaint

for those who have diseases that respond well to natural light. Similarly, the sunn

rooms might be saved for those who have long (8-10 day) stays rather than short (2-day)
stays.

Architectural practice will benefit, starting with those architedts wpecialize in
healthcare design. For various reasons, architectural practice is ofteasadton
systematic evidence. The IDM model now offers an effective way to inchséarch
data in practice because it creates a large body of scientific evidehisedinactly
relevant to healthcare design decision-making anywhere in the nation.

Ultimately, the IDM will be used because it will improve hospital design¢chvhin turn,
will benefit so many different groups—patients, hospital staff, archidioms that
specialize in the design of healthcare facilities, and all architgtet®sted in evidence-
based design.



166

Reference List

Ackerman, B., Sherwonit, E., & Williams, J. (1989). Reduced incidental light exposure:
effect on the development of retinopathy of prematurity in low birth weight infants
Pediatrics,83 (6), 958-962.

Beauchemin, K. M., & Hays, P. (1996). Sunny hospital rooms expedite recovery from
severe and refractory depressiaimurnal of Affective Disorderd0, 49-51.

Beauchemin, K. M., & Hays, P. (1998). Dying in the dark: Sunshine, gender and
outcomes in myocardial infarctiodournal of the Royal Society of Medici®d, 352-
354.

Benedetti, F., Colombo, C., Barbini, B., Campori, E., & Smeraldi, E. (2001). Morning
sunlight reduces length of hospitalization in bipolar depresdmmimrnal of Affective
Disorders,62, 221-223.

Leonard L. Berry et al. (2004). The business case for better builéiraggiers of Health
Services Managemerif(1), 6.

Blackburn and Patterson. (1991). Effects of cycled light on activity stateaatio c
respiratory function in preterm infant®ournal of Perinatology and Neonatal Nursing,
4(4), 47-54.

Boyce, P., Hunter, C., & Howlett, O. (2003 he Benefits of Daylight through Windows.
Rensselaer Polytechnic Institute, New York: Lighting Research Ce83gp.

Devlin, A. S., & Arneill, A. B. (2003). Health care environments and patient outcomes: a
review of the literatureEnvironment and Behavip85 (5), 665-694.
Duffy, F. (July 6, 2007). E-mail communication.

Eagles, J. M. (1994). The relationship between mood and daily hours of sunlight in rapid
cycling bipolar illnessJournal of Biological Psychiatry36, 422-424.

Evidence based design. (n.d.). Retrieved June, 2007 from
Http://en.wikipedia.org/wiki/Evidence--based _ design, 10/10/2005.

Ferraro, F., Pfeffer, J., & Sutton, R. I. (2005). Prescriptions are not endcagtemy of
Management Reviewd0(1), 32—-35.

Gibbons, M., Limoges, C., & Trow, M. (2004)he New Production of Knowledge: The
Dynamics of Science and Research in Contemporary Socketige Publications.

Heerwagen, J. H. (1990). Affective functioning, ‘light hunger,” and room brightness
preferencesEnvironment and Behaviog?2; 5, 608-635.



167

Kaiser Permanente Hospitals. HealthConnect System described by Rearisemente.
Retrieved June, 2007 from on the World Wide Web:
http://ckp.kp.org/kpindepth/archive/indepth faqg all.html

Kecske'sa, I., Rihmera, Z., Kissa, K., Varghab, A., Szilia, I., & Rihmer, A. (2003).
Possible effect of gender and season on the length of hospitalization in unipolar maj
depressiveslournal of Affective Disorderg3, 279-282.

Keep, P.J. (1977). Stimulus deprivation and windowless roAnesthesia32, 598-600.
Keep, P., James, J., & Inman, M. (1980). Windows in the intensive therapy unit.
Anaesthesia35, 257-262.

Knight, J. A., Thompson, S., Raboud, J. M. & Hoffman, B. R. (2005). Light and exercise
and melatonin production in womeamerican Journal of Epidemiolog$62(11), 1114-
1122.

Kolata, Gina. (November 7, 2007). Causes of Death Are Linked to a Person’s Weight.
New York Times

Konrad, A. M., Mangel, R. (2000). The impact of work-life programs on firm
productivity. Strategic Management Journa@l1(12),1225-1237.

Kouletsis, J. (July 13, 2007). E-mail communication.

Lambert, G.W., Reid, C., Kaye, D.M., Jennings, G.L., Esler, M.D., (2@&3f&ct of
sunlight and season on serotonin turnover in the biaancet 360, 1840— 1842.

Lewy, A. J., Bauer, V. K., Cutler, N. L., Sack, R. L., Ahmed, S., Thomas, K. H., Blood,
M. L., & Latham Jackson, J. M. (1998). Morning vs. evening light treatment of patients
with winter depressiorArch. General Psychiatryp5, 890-896.

Mannina, M. (July 12, 2007). E-mail communication.

Mann, N.P., Haddow, R., Stokes, L., Goodley, S., & Rutter, N. (1986). Effect of night
and day on preterm infants in a newborn nursery: Randomize®nitssh Medical
Journal,293, 1265 -1267.

Marcus, C. C. (July 12, 2007). E-mail communication.

Miller, C.L., White, R., Whitman, T. L., O’Callaghan, M. F., & Maxwell, S. E. (1995).
The effects of cycled versus noncycled lighting on growth and developmentémpret
infants.Infant Behavior and Developmeni, 87-95.

Moline, J., Mellerup, E., Bolwig, T., Scheike, T., & Dam, H. (1996). The influence of
climate on development of winter depressidwurnal of Affective Disorder§7, 151
155.



168

Papadopoulos, F. C., Frangakis, C.E., Skalkidou, A., Petridou, E., Stevens, R.G., &
Trichopoulos, D. (2005). Exploring lag and duration effect of sunshine in triggering
suicide.Journal of Affective Disordey88, 287—297.

Parker-Pope, Tara, January 29, 2008, WELL; Great Drug, but Does It Prolong Life?

Pfeffer, J. & Sutton, R. I. (2006). Evidence Based Managemeiiarvard Business
Review 1-13.

Retinopathy. (n.d.) Retrieved June, 2007, from
http://www.nei.nih.gov/health/rop/index.asp

Reynolds, A. D., Hardy, R. J., Kennedy, K. A., Spencer, R., Van Heuven, W. A. J. &
Fielder, A. R. (1998). Lack of efficacy of light reduction in preventing retingpaith
prematurity.The New England Journal of Mediciri&72-1576.

Ruga, W. (1989). Designing for the six sendesirnal of Health Care Interior DesigA,
29-34.

Sachs, A. (2007Research for Architecture: Building a Discipline and Modernizing the
Profession. University of California at Berkeley: unpublished Ph.D. manuscript.

Salamone, L. M., Dallal, G. E., Zantos, D., Makrauer, F., & Dawson-Hughes, B. (1993).
Contributions of vitamin D intake and seasonal sunlight exposure to plasma 25-
hydroxyvitamin D concentration in elderly womexmJ Clin Nutr, 58: 80-6.

Schweitzer, M., Gilpin, L., & Frampton, S. (2004) Healing spaces: Elements of
environmental design that make an impact on headtlrnal of Alternative and
Complementary Medicind 0, (supplement 1), pp. S-71-S-83.

Stern, A. L., MacRae, S., Gerteis, M., Harrison, T., Fowler, E., Edgman-Levitan,
S., Walker, J., & Ruga, W. (2003). Understanding the Consumer Perspective to
Improve Design QualityJournal of Architecture and Planning Resear2g,(1),

13 pp.

Stevens, R. G. & Rea, M. S. (2001). Light in the built environment: Potential role of
circadian disruption in endocrine disruption and breast cai@amcer Causes &
Control, 12 (3), pp. 279-287.

Takasu, N. N., Hashimoto, S., Yamanaka, Y., Tanahashi, Y., Yamazaki, A., Honma, S. &
Honma, K. (2006). Repeated exposures to daytime bright light increase nocturnal
melatonin rise and maintain circadian phase in young subjects under fixed slekpesche
Am J Physiol Regulatory Integrative Comp Phys2611:1799-1807.

Ulrich, R. S. (1981). Natural versus urban scenes: Some psychophysiologidal effec
Environment and Behavipt3, 523-556. Cited in Devlin & Arneill Devlin, A. S., &



169

Arneill, A. B. (2003). Health Care Environments and Patient Outcomes: A Review of the
Literature.Environment and Behavip85 (5), 665-694.

Ulrich, R. S. (1984). View through a window may influence recovery from surgery.
Science224, 420-421.

Ulrich, R. S. (1991). Effects of interior design on wellness: Theory and recemtifscie
researchJournal of Health Care Interior Desig, 97-109.

Ulrich, R. S. (1992). How design impacts wellnés$salthcare Forum JournaB5, 20-
25.

Ulrich, R. S. (1995). Effects of healthcare interior design on wellness: Thedmecent
scientific research. In S. O. Marberry (Ednpovations in healthcare design: Selected
presentations from the first five symposia on healthcare dgsmr88-104). New York:
Van Nostrand Reinhold.

Ulrich, R. S., Simons, R. F., Losito, B. D., Fiorito, E., Miles, M. A.,& Zelson, M. (1991).
Stress recovery during exposure to natural and urban environdmuntsal of
Environmental Psychologg1, 201-230.

Ulrich, R., Zimring, C., Joseph, A., Quan, X., & Choudhary, R. (2004) The role of the
physical environment in the hospital of the 21st century: A once-in-a-lifetime
opportunity Report to The Center for Health Design for the Designing the 21st Century
Hospital Project69 pp. [Electronic version.] Retrieved July 2007, from
http://www.healthdesign.org/research/reports/physical_environ.php

Verderber, Steven, "Person-Window transactioBsyironment and Behaviots8, 4,
July 1986, 450-466.

Verderber, S., & Refuerzo, B. (1994). Empowerment on main street: Implementing
research based design. In R. M. Feldman, G. Hardie, & D. G. Saile (Ealsgr by
Design. Proceedings of the 24th annual conference of the Environmental Design
Research Associatio(pp. 281-283)Oklahoma City, OK: EDRA.

Verderber, S., & Refuerzo, B. J. (1999). On the construction of research-based design: A
community health centedournal of Architectural and Planning Researt, 225-241.

Walch, J. M., Rabin, B. S., Day, R., Williams, J. N., Choi, K. & Kang, J. D. (2005). The
effect of sunlight on postoperative analgesic medication use: A prospectiveoktudy
patients undergoing spinal surgelPgychosomatic Mediciné7:156—163.

Wallace-Guy, G. M., Kripke, D. F., Jean-Louis, G., Langer, R. D., Elliott, J. A., &
Tuunainen, A. (2002). Evening light exposure: Implications for sleep and depression.
Journal of American Geriatrics Societ0, 4, 738-739.



170

Wirz-Justice, A., Graw, P., Kauchi, K., Sarrafzadeh, A., English, J., Arendt, J., & Sand,
L. (1996). ‘Natural’ light treatment of seasonal affective disordteurnal of Affective
Disorders,37, 109-120.

Zimring, C., & Welch, P. (1988). POE: Building on 20-20 hindsighagressive
Architecture 7, 55-60.



171

CHAPTER 4 — THE MODEL



172

THE MODEL
W. Mike Martin, Ph.D.

The Model: Its Grounding and Derivation

The conceptual model that informed the process undertaking in trebéd®roject took
its framework from recent research associated with whaefexred to as Mode 2
Research (M2R). At the core of this model is the agenda of knosvlpdgduction

connected to a context of addressing everyday challenges in ‘peloys, business,
education, etc. It is a model whose intent is making research acopuntable to the
people it serves.

As noted earlier in the introduction to this report, Gibbons et al. fgeiiR knowledge
production as having five characteristics, all of which to some eegeee considered in
the design of the Latrobe Project research approach.

It is generated in the “context of application.” This does not imply certabaut
results, nor is it independently conceived and generated Mode 1cresatmr
applied to a real setting. It arises from “the very work of problem resolution.”

It is “trans-disciplinary.” A range of methods is used that edagether often in
novel forms to solve a specific problem.

It is produced “across knowledge organizations and in a variety of settings.”

It is “reflexive” in that there is conversation between thesaeshers and the
subjects. The problem-resolution environment influences the topic, dearch
design, and the end uses. Consequences are intrinsic to the research process.

It must “accommodate multiple definitions of quality” becauseettee many
players and a lack of strict disciplinary criteria with whitientific peers can
evaluate.

The specific research question addressed in the Latrobe Pfofgcivas: “Credible,
applicable ‘evidence’ of relationships between design and client oeg@mal
performance will result from 1) a collaborative approach thatesrhe perspectives,
skills, and resources of an architectural firm, a universitgarehi community, and a
client; and 2) the use of both scientific research methods and indtedisening.” This
research hypothesis is formulated in a context of architécprectice, where an
emphasis is now being placed on decision-making, in which evidencethbauatpacts
of the physical environment on human response and organizational perderrsa
explored as a means to advance the practice of evidence-based design.
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As a starting point, the Latrobe Project Team (LPT) agreed dhidural practices,
procedures, language, and other mores exist that divide the wdicipcparchitects,
academic researchers, and clients approach knowledge production angemeamia
These differences in approach were summarized in Chapter Hisofeport, but are
repeated here to help frame the context of the research process reported ipthis cha

Architects have valuable experience, technical knowledge, and creilise
However, in the realm of human response to environment, architects émo oft
turn to intuition, personal experience, precedent and anecdote, rather than
methodologically rigorous research. They thereby perpetuate ecbonral
wisdom and fail to provide their clients with the information theydneemake

the design decisions that would best support their end users.

Expert in research methodology and focused on qualification through $gholar
peer review, university research communities possess a cutidarstanding of
scientific protocols that enriches the body of knowledge availabledésign
application. However, university researchers also often discourarcbsdone
outside academia and work within their discipline in isolation from both arthitec
and their clients—the people who need to utilize the researchtstesul
Consequently, many researchers pursue topics of scholarly inberteSinited
potential value in actual design application.

Some people with responsibilities for in-house facilities, ret@tesand capital
planning within client organizations believe that design has therpovwenhance
their core businesses, but they lack access to the “evidengeivthéd need to
make credible business cases to that effect. Not finding the tmgmata they
require, interpreted in terms of relevant econometric and othdorpance
measures, some client organizations are conducting their own tres&his

varies greatly in quality, depending on the skills of the individual.

The Latrobe Project proposed that despite these differences, the three deakehol
practicing architects (Chong [now Stantec]), the clients they serJe &4 university
research communities (UC Berkeley)—together had the perspectives, akall

resources to enrich the understanding of ways that design outcomes influence human
response and organization performance. The goal was to create and madiblacces
“evidence” that is useful, valid, and reliable for informing decision-making in
architectural practice. Architects, informed by empirical data, not donggeceed to

know what to build and to be able to support their assertions about design impacts in
order to garner client approval to implement the most effective desegagas and
innovations.

A Summary of the Research Model Approach

The Latrobe Project framed its research model around three charisterist
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1. Utilizing scientific methods and research techniques fronbémavioral sciences,
bio-medical and neurosciences, as well as inductive reasoningahahitectural
practice processes, as the informants and tools for collecting data;

2. Applying the organizational sciences, applied economics, psychological,
sociological, and physiological metrics to measure human respomsks a
organizational performance to various design conditions; and

3. A collaborative process composed of a practicing architectuna) & university
research community, and a leading healthcare provider to sebleshevays to
utilize the skills and knowledge of all three in a trans-disciplinary framework.

There were two concurrent focal points to the research:

1. In adisciplined manner, observe, assess, refine and document the approaches used
to create the research in order to allow the architecturalgsiofeto learn from it
and apply the outcome in future architectural practice settings (The Model).

2. Conduct a pilot study in a healthcare context to yield immediaggbhlicable data
and to construct and test the model (The Pilot).

The specific research plan, presented in Chapter 1, sets tadamtaige specific research
efforts of the Latrobe Project and its team members, both indilydasadl collectively.
As an overview, the research plan can be understood as comprisingdurphases,
each with sub-components:

1. Problem Definition and Research Plan
o Team building/ Establishing goals

Engaging stakeholders and experts

Preliminary literature search

Lighting and health

Color and health

Evidence-based practice

Healthcare design

Mode 2 knowledge production

Refining pilot study topic(s)

Research plan development

O O0OO0OO0OO0OO0OO0OO0OO0o

2. The Natural Experiment: Eventually this became titled the Bglated Data
Model. The concept was to take advantage of the wealth of existiagesiding
within KP’s medical data routinely collected of all patients,chihtould provide
physiological measures in great numbers without intrusion. Desigrventions
could be conducted to modify environmental characteristics and assefting
medical responses and patient perceptions; or analyses could be abrmfucte
existing room attributes to determine correlations with médcasatisfaction
measures. The Principal Investigator for this work was Robert Mangel, Ph.D
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3. The Laboratory Experiment: This approach was based on using riyorous
controlled conditions and multiple measures to enhance the strengtidence.
Physiological and cognitive responses to specific light geslitvere analyzed
and interpreted in the context of an extensive literature base. Maile 1
research was complemented by field measurements and dbaigeties relating
it to Mode 2 applications. Scientists from Ohio State Univerbiy,San Diego,
Rensselaer Polytechnic Institute, and the National Institute eftél Health
provided advice, technical expertise, and resources. The Principaidat@sfor
this work was Eve Edelstein, Ph.D. (see Chapter 2).

4. The Model: A primary goal was to learn about the benefits ofrésearch
approach. Observation of the model as it was actually appliedite @ad carry
out the research plan, therefore, was treated as its ownaledesck. W. Mike
Martin, Ph.D. was the Principal Investigator for this work.

A brief chronicle of the specific tasks and activities of thezdlee Project team illustrates
the struggle to operate effectively in this trans-disciplinaryltirerganizational
structure. The team first looked internally to identify goasl measures of success.
This was followed by engaging Chong Partners Architecture (gubedy Stantec)
designers and KP representatives to identify research ingthaesvould be useful in
real application on healthcare projects. The team identified a mwhpetential topics
for pilot studies and, concurrently, debated the merits of variouspliies and
methodologies to determine how to ensure an appropriate level oarigguarantors of
success in terms of evidence that would meet the requiremehts uddrs in the applied
context.

At the same time, interests of the team members, the neetiditional disciplinary
expertise, and available resources were explored to bring thesprafcesfining the topic
and approach of the pilot study to closure and agreement. Ultyniatel parallel tracks,
noted above, were defined that would enable exploration of differéntosespecific
research questions and methodological approaches, with the poteniahghg the
outcomes together at the end to inform the development of a modedskarch in
practice, as well as to provide specific evidence to inform evidence-basgd deactice.

Tracking the Process

In an effort to track the process components of these twallglaresearch projects,
careful minutes were kept of each formal team meeting. A ¢btd4 such meetings
were recorded. In addition, each team member was asked to kegipoaK of special
meetings and activities of the research effort to be reflect the final report of the
specific research track.
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Each team member was also asked to respond to a set of pyjaessisns that would
provide insight into the specific engagements, research apptisamnd methods,
protocols for analysis, outcomes and conclusions of the experimentasemdestts about
the implications of the outcomes for designing each of the parallel tracks.wé&hewlso
asked to reflect specifically on the process of conducting #&areh track in the context
of the Latrobe Project agenda and note the challenges, succe#sess,fand things they
would change.

The following is a synthesis of this process tracking data, as reflectedyrajor
guestion category. Included are example responses by team members toitice spe
guestions, as well as extractions from meeting notes and the formal reporfsurfgtse

of this section is to establish the flavor and operating values embedded in each of the
projects and the team as a whole. (Note that specific track comments afedlast
follows: NE—Natural Experiment, LE—Laboratory Experiment)

1. In terms of outcomes, what form and substance will the evidence take?

o NE—The Natural Experiment, the “Integrated Data Model” (IDMdated
a large database structure and established variables aroutity faci
orientation related to natural light. This is a starting point for a large,scal
ambitious research process that will continue within KP to dan#i
usable evidence to inform future facility planning and design projects
KP. We chose to set up a large scale, long-term projebg totegrated
with other projects at KP, rather than to have a smaller sotéive that
would be more likely to have near term results.

0 NE—The Natural Experiment will not yield “evidence” in the tifn@me
of the Latrobe Project, but the IDM, as a tool, will exist iruactional
form and it will produce “evidence” when applied in future redearc
efforts. The idea of integrating medical records data tteateal, active,
and continually building with design attributes through an equallyvigcti
CAFM system is a very powerful condition for future research.

o NE—The IDM has the potential to be very substantial by virtuésof
unprecedented size and ability to correlate medical data agtign
attributes. However, it will only be as useful to designershasdesign
attributes that are added to it. One immediate limitatiaghaspaucity of
meaningful design attributes that have been added to the database, e.g
those that a designer might be able to apply and that would be innovative.
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o NE—The potential survey data for the Natural Experiment of tlehea
Project are notable, given the sheer size of the sampling. ®dspifact
that the survey was not written specifically to answer questibas
inform design, numerical trends may lead, in the future, to definibbns
design hypotheses that can be studied in a laboratory or otheg,sett
through simulation or in field environmental correlations.

o NE—With the addition of light measurements and compass orientation,
empirical tests of current hypotheses about the effects tuf dig patient
well-being using the KP IDM allows for tapping a natural ekpent that
has been occurring for years through a normal data collection process.

0 LE—The Laboratory Experiment provides evidence in the form of
physiological data (heart rate variability and EEG brain wpteat are
accepted by the scientific community as sensitive indicatongalth risk,
health status, and cognitive function. These data included:

Evidence literature reviews from a broad range of disciplines:
biological, medical, psychological, engineering, architectural.

Evidence from literature reviews of the social sciences and
humanities (architectural, sociological, psychological, the arts),
which provide a continuum from qualitative to quantitative and
descriptive statistical findings that offer information and ingght

into personal, cultural, and social behavioral responses.

Evidence from original laboratory research using quantitative
studies conforming to best practice for empirical researding)
scientific methodologies for designing, measuring, and analyzing
results.

Statistical analyses of such data provide measures of significance.

Case studies of occupied and built (unoccupied) sites using new,
lightweight, mobile methods to make measurements within
architectural environments.

0 LE—The Laboratory Experiment has yielded data using valid,
physiological measures. In that sense, it will advance theuipws
connections between design and highly predictive human responses.
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LE—One concern about the Laboratory Experiment is that it didesot t
directly the influence on design applications. If there arerrative
means of providing the lighting profile that achieve the same iteneiil
redesigned rooms or reconfigured floor plates be pursued in the cohtext
the larger arena of healthcare facility planning? The answvéhis is
“possibly,” if the studies consider multiple design attributes theltded
patients, family, and staff well being.

2. How will the findings be illustrated so that they inform design and dsigners?

(0]

NE—The teams that will be conducting the future research inglithe
IDM will be multi-disciplinary, with architects and designess iategral
members. With these design professionals in place, it willus¢rated in
a way that it will inform design and designers.

NE-LE—Design principles, charrettes, field studies, and ibisins
exemplify how the findings may inform design. However, more figne
needed to test design interventions based on the findings, as watiras t
physical implications.

LE—The Latrobe’s decision to include physiological measures arthhea
indicators (stress as evidenced through heart rate variahigyg)served

by experiments in a controlled environment. The process was thus
repeatable and controlled, allowing for greater statistical pdroen a
limited sample of subjects.

NE—The data resulting from future use of the IDM can be illuesdran
correlation figures and tables that will be the first demonstratof these
relationships on a large scale, and then literal illustratiaghtrbe drawn
in order to demonstrate the physical significance of these relationships.
LE—The application of our experimental findings are described as:

“Design hypotheses”

“Design principles” that reflect the scope of application of tbe n
original data and related results from existing literature.

Case studies of built and occupied facilities that demonstrate how
to test the hypotheses in real environments.
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A charrette that brought together representatives from the
disciplines to consider how the scientific findings relate to
gualitative and intuitive observations in the design of healthcare
spaces. Design concepts were discussed and derived based on the
charrette format.

LE—Translation of the research outcomes across disciplinesillis st
required.  Participants with expertise in design, architecture, the
humanities and sciences must participate to provide this insight dest t
resultant outcomes in real, operational environments.

3. What are the “best practices” associated with domain of research that have

informed your strateqgy for undertaking the specific research agenda?

(0]

NE—Econometric techniques have been used recently to analyss iss
from baseball to wine tasting; we are applying this body of
methodological approaches to evidence-based design.

LE—The scientific method is the “best practice” approacb@ated with
empirical research and applied in the design of the research agenda.

LE—The Scientific Method includes controlled research design, an
empirical research approach, and statistical analysis of tsegal
substantiate the repeatability, reliability, and validity of results.

LE—The lab experiment made good use of previous research from the
literature and also engaged the involvement of experts with relevant
research protocols. This increased the likelihood of valid results and
expanded the strength of evidence well beyond the small sample studied in
this project.

NE—A review of the literature, and especially several lagithat review
and evaluate the quality of research done regarding the natughtohmd
wellness outcomes.

4. What are the markers of quality that are the guarantors for the expected

outcome evidence?

(0]

(0]

NE—Well argued hypotheses, tested empirically, and requirinigtstat
levels of significance.

NE—Medical data, volume.
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NE—Research does not guarantee results, but we will be followiltg we
defined markers and applied economics protocols. For example, e wil
work to present the information at peer-reviewed conferences andrin pee
reviewed journals.

LE—Statistical analyses demonstrate the quality of the findmgmely, a

highly significant difference between responses under differgmt li
conditions. Markers of quality include measures of statistical signie,

the research design, the use of objective measurement sysieing,
validated methodology based on and compared to established standards
(gold-standards).

5. How will this evidence inform evidence-based practice methods?

(0]

NE—BYy following approaches that have as clear as possible &skag
between design specifications and performance outcomes, for example
the well-being of patients.

NE—The significant result is the database as a means to botpéesfic
new interventions on site and to mine for effects of pre-existing
conditions. It will be continually refreshed and benefit from scale.

NE—BY discussing the design implications in print, in different kiofls
publications, some architectural, some hospital administration:eKais
Permanente's influence on other hospitals around the United Stdtdeea
world.

LE—The laboratory experiment is an important link between bio-miedica
research, architectural and electrical lighting design, anithheatcomes.
It continues the efforts to connect design and neuroscience.

LE—The results demonstrate that literature reviews and ladvgrat
research in the biomedical disciplines provide information on direct
relevance to design.

LE—Biomedical findings provide specific information relevant to desig
The original data and literature demonstrate a pervasive influgniggt

on health outcomes, and indicate the range of light parameters that
influence biological responses.

LE—Technological advances enable on-site measures of the anatatec
environment. A new measurement system used in field studies
demonstrated that architectural elements, lighting systemd$uamshings

had significant influence on the amount of light reaching different
functional zones within the building.
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6. What are the theoretical and methodological foundations of the research

agenda?

(0]

NE—Person-environment theory that environment plays a role in human
social life, personal well being; methodological foundations are eabir
correlations between objective physical conditions and objectivenpati
outcomes, not just reported patient experience.

NE—Drawing on appropriate bodies of literature from architecture,
organizational science, applied economics, and the healthcare field.

LE—The scientific method and theoretical foundations from the
biological, medical and neurosciences provide the basis for this work.

LE—Sensory system research defines the means to study human
responses to environmental variables such as light, color, sound, and
touch.

LE—Chronobiology and circadian research defines the means totbidy
human response to light.

LE—Psycho-physiological research defines the means to study the
emotional, functional, and cognitive response to environmental variables
and relates cognitive and neurological responses to biological and
behavioral outcomes.

LE—Methodological foundations are derived from empirical scienoes f
exploring physiological and psychological bases of human responses.

NE-LE—Irrespective of the methodology, rigor, or author, each relsea
approach used to build evidence that informs design has its limitations
Evidence is perhaps better understood if looked at: 1) from various and
multiple perspectives (opinion surveys, observation of behavioral
performance, laboratory experiments, or in field measuring of
environmental conditions); and 2) subject to various measures
(organizational, economic, psychological, social, and physiological).

NE-LE—Evidence gained through research is “additive” rather than
private mentorship, experience, or intuition, providing multiple means of
informing design. The importance of how much of each type of esgden
is dependent on the circumstance, skill, and comfort level of the
researcher/designer, and the strength of the method used tct tode
evidence.
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0 LE—The foundations of this research effort started with fundamental
scientific method, controlled research design protocols, empirsaareh
procedures, and statistical analysis.

0 LE—The experiment must be designed so that it is repeatalibhleel
and statistically significant.

0 LE—Methodological foundations derived from empirical scientific
methodology for exploring physiological and psychological bases of
human responses.

7. Where in the context of research in the domain of this tye of research does
your specific agenda fit?

o NE—Fits into the general domain of interest about the relation batwe
the design of the physical environment and human performance; more
specifically, this research fits into the substantial amouneséarch on
hospital design and patient well-being, and the research on hospital desi
and staff well-being. Even more specifically, it fits into thestantial
research on the role of light on human well-being.

o NE—The current agenda is quite broad since we are just laying a
methodological foundation (a tool) for future research.

o LE—Chronobiology, psychology, physiology and their relationship to
evidence-based design. Research about user responses in healthcare
facilities is generally relevant to all architectural type that it can be
generalized to the humans who occupy such spaces.

8. How will the research project contribute to the domain andto design
practice?

0 NE—The tool resulting from IDM will be able to investigate specif
hypotheses from this domain, resolve some of the competing or
ambiguous effects, and help architects design the large numbewof ne
hospitals that will be created over the next 25 years.

0 LE—The research provided new findings for psycho-physiological and
chronobiological research.

0 LE—The research also provided new suggestions for the use oktdiffer
light methods in architectural environments. In order to achieve the
lighting goals described, architectural design may includanges to
master planning, programming, site decisions, exterior architectura
openings, shields and shades, as well as choices for interior atsateri
finishes, and electrical lighting systems.
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0 LE—The case studies demonstrated the use of new technologies in t
measurement of actual architectural environments, and suggesgrditie
influence of architectural features in addition to the influence ef us
function.

9. What was the specific research question(s)?

0 NE—The creation of a tool (IDM) in order for other teams to tereaany
research questions in the future.

o0 NE—Does solar orientation of the room have an effect on lengttapf s
controlled for disease type? This is the major opening resqagstion,
and several other hypotheses will be tested in the future.

0 LE—How does brief exposure to electrical lighting influencesssr
responses known to be important indicators of health risk, mortality, and
morbidity?

o LE—How does brief exposure to lighting influence cognitive, mood, and
performance responses?

0 LE—Does brief light exposure during the day influence responses?

10. What were the specific theoretical informants of the research quaen(s)?

o NE—The role of circadian rhythms, light, and solar orientation on huma
biological functioning.

0 LE—The body of chronobiological research. This research demasstrat
the pervasive influence of light on biological and behavioral responses. |
defined the parameters of light to be applied in the experimental design.

11. What were the specific methodological frameworks that quided the resedrc
guestions?

0 LE—Methods derived from standardized psycho-physiological tests using
empirical scientific methodologies.

0 LE—The scientific method provides the framework for designing the
research question.

0 NE—Methods imported from the organizational sciences and applied
econometrics.
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NE—UIrich’s research is particularly important because he abgsttive
measures of patient welfare rather than relying on subje@pats in his
research on the effect of light and length of stay in hospital.

12. What are the critical components, activities, tools, etc. that would help deg

the model of research in your specific research agenda?

(0]

NE—Empirical and objective measure, and very large data seéstatter
distinguishes this research from all prior research. The I@Mihtegrates
three classes of data never connected before—physical desigmes,
patient experience, and patient medical outcomes.

LE—Gold-standard methods for objective measurement as defined in
peer reviewed literature.

LE—Repeated testing using standardized and controlled conditions.

LE—Measurement systems and location of testing selected teaitissv
specific question asked.

13. How could this specific research agenda be translated to design praetic

research?

(0]

LE—The methods used in laboratory studies are now ready to be applied
by creating design interventions that include the lighting paenset
described in scientific studies, and measuring responses to sugeshia
occupied architectural settings.

NE—The IDM could be used as a methodology to create evidence-based
post-occupancy evaluations.

NE—Through the facility planning unit at Kaiser Permanente, girou
publication, and special workshops for hospital designers.

NE-LE—Given the realization that there need to be multiple approaches to
developing evidence, it is probably most important to develop a firm
culture that is comfortable with various approaches to doing résearc
another resource to informing design.

NE-LE—Unlike research into building performance, which deals with the
building, the focus of our efforts is human response: the occupants and the
value brought by the building; the building as “means rather than end.”
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14. What were the major challenges in establishing the research agenda, its
implementation, analysis, evaluation, and reporting mechanisms?

0 NE—The enormity of the data sets from over 30 hospitals as well as
thousands of patient records and surveys required time and extra coding.

o0 NE-LE—The major challenge for the overall Latrobe team in developing
the research agenda was competing desires/ideas/needs on wihait the
research agenda should be. It should be noted that the Latrobehesear
proposal committed to the inclusion of a physiological approach in
addition to other objectives. The diverse groups—an architecturaldirm,
university, and a client—had different and competing needs for the
research topic. For example, KP wanted to study a topic thiatdet
“action research” and that was within the context of its ldygiding
program, and others wanted to research a topic that could guasantee
method of physiological measurement. This is not to say thagmup
was right and another wrong, only that there were competing slesice
no foreseeable way to reach a conclusion that worked for all. Also, t
overall teams’ goals were too ambitious, and in order to complete the
work, they needed to concentrate and go in their own directions to
complete the concurrent projects.

o LE—Narrowing the research agenda to specific questionsctratbe
answered by rigorous methods. This approach is different than that
commonly used in the humanities and in design, yet can provide
information of direct and practical relevance.

0 LE—A primary issue in trans-disciplinary teams is catgftd define a
set of issues to be investigated in a way that yields valuabidts. The
problem that is to be addressed and the context of the chose g&udy s
dictate the type of research tools that may be used, the deslgnsitidy,
and the methods for implementation, analysis, and evaluation. A trans-
disciplinary agenda uses several methods in parallel, such as obssivat
surveys, and laboratory experiments. This is commonly appliechicatli
studies, and is the closest model for evidence-based design. & was
challenge to the team to incorporate all of these goals in a single study.
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0 LE—A truly trans-disciplinary approach would go beyond parallel
disciplinary research streams, merging some of the methodsnahdes
and perhaps develop new approaches. However, a difficulty heses
as individual disciplinary approaches determine the value of data
according to their historical guidelines. In the early phasesuch
research, these disciplinary barriers may be breached by comgucti
research in the medium of each and all disciplines included, alahg wi
their traditional approaches.

This will add meaning and acceptance to a broad audience thagscross
disciplinary boundaries. In this way, an analysis of the findindjsbe

more powerful, demonstrating where methods and results are consistent,
and validating new means to collect and apply information.

15. How does this specific research agenda interact with the concept of
evidence-based practice (design)?

0 LE—The psycho-physiological experiment uses all aspects of reade
based design, in that the research question is based on the opinions,
desires, and intuition of designers and users; the methods are based on a
broad number of psychological and physiological measures. Thesresult
are considered in the context of design needs, economics, and desires.

0 LE—The research demonstrated the use of rigorous, scientifiadagiart
of the continuum of information that creates an evidence base for
application in practice. It also demonstrated the value of tlitkeraeview
in guiding the specific research design. Although our original concept was
to explore the influence of color, findings from previous studies
demonstrated that our resources were not ideal to pursue this quéstion.
was the strength of evidence available in the biomedical tliterghat
suggested a focus on the “color” of light and the influence chdian
lighting on health, rather than the influence of pigmented color on walls.

o NE—IDM will create useful evidence and findings that will ppléed to
KP’s knowledge base and large building program. The evidence and
findings created by IDM will inform the KP Standards Program.

0 NE—The IDM tool will provide the opportunity to show that design
decisions and trade-offs can be made on the basis of measunabliéssbe
to diverse stakeholders.
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16. What would you change if you were to start the process again?

o Devote more explicit attention to the culture of science and thareul
design, so that each side understands what is considered vatuainde t
other.

o0 This project/process has provided an incredible learning experienas, f
and | wish | could start this project/process with the knowledge an
information that | have gained to date.

o If I could start the process again, | would:

Create a solid team infrastructure, including signed agreements.
Create “rules of the road” for the team.

Discuss the “rules” and requirements of each organization (such as
IRB, confidentiality, etc.) that cannot be changed, and discuss how
the project must fit into that framework.

Set expectations much more clearly upfront.

Interests/passions must be aligned more closely.

Appropriate compensation must be available for all.

Establish specific goals, objectives, and methods during the grant
writing phase.

Take advantage of each team member’'s unique expertise in
designing research objectives.

The expertise, ideas, and desires of each team member should be
fully utilized. This can be taken into account by setting up forums
at the initial stages to share concepts, backgrounds, and resources.

Follow-by tours of each other’s facilities to generate ideas f
study design on each other’'s sites, and understand the limits
thereof.

Thereafter, craft a study that utilizes the collective knogded
experience, and facility.

Write and submit IRBs within the first three months.
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Use a more horizontal operational hierarchy. When gathering a
group of individuals from a broad range of disciplines, each with

deep expertise, it is common to use a horizontal hierarchy, with
one head decision maker, and all else at the table with equal
authority and opportunity to express their knowledge. Models

from NASA would be relevant.

When relying on broad and deep knowledge and expertise, and in
pursuit of an evidence-based model, it is important to give equal
opportunity to consider the full range and depth of knowledge.

Make design collaboration and innovation a major part of the
project by having an evidence-based design charrette and concept
development at multiple stages throughout the process.

Create and test the response to design interventions that derive
from research, literature reviews, and charrettes.

Commitment to research topic and research team: The Fellowship
proposal contained a clearly defined topic of research that wakpege

by a core team represented by each group representingidmeall It is
usual in scientific and other research efforts to adhere t@phe defined

in the proposal. We discovered the value of this requirement—as much
time was spent in the initial phases of our efforts to reconsader
redefine the research topic and approach. Time and resources waeild ha
been utilized more effectively had we been guided more strdnghur
initial proposal. This includes commitment to the proposal topic and a
research team and resources that specifically addresséapibe In the
same way that architects select their design team basegeamifics
knowledge and experience (such as healthcare designers selected f
hospitals, and acousticians selected for concert halls), the degeam
should be selected according to their knowledge and experiencedrelat
specifically to the topic being investigated.

Funding: We should also recognize that, like the design of a building o
lasting value, research takes time and money to create a wéaktiofy
value. Although our study relied greatly on the good will and
contributions of many unpaid or underpaid scientists and staf§haeld

no more expect a research team to work below market ratevéhamould
expect a construction crew to do the same. Further, | am oked afat
research findings | might produce in less time. The answa&migar to
that of an architect if asked what building might be producedss fime,
with less material, and lower cost. Both research and building are tiikely
be of less lasting value.
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o Authorship: Agreements about authorship and attribution are best agreed
at the outset and even before grant submission.

o Communication Structure: In scientific circles, a flat hiemgris used for
the exchange of information. Each team member brings unique amd dee
expertise that cannot be readily conveyed through a vertical informat
structure. Open exchange of ideas and opinions are integral to agproce
that yields novel concepts, insights and solutions that reflect tipeatheke
broad knowledge of the team to address the complexity of research.

o Practitioners are interested in “actionable” results, whigearschers are
worried about how results will be used, attributed, and interpreted. This
was a value that is always present in this collaboration of tact$
clients, and research. Is this about language, or is it inher¢me way
we work?

Connecting Knowledge Production and Evidence to Evidence-based Pragi

The connection between knowledge production, evidence, and evidence-based practice
has been central to this project. One of the guiding values ofdhe ltas been the goal

of connecting these three components of the Latrobe Project. Bffthristo collaborate,

the project did not escape the voices of different disciplines, wondyiand individual
passions.

Evidence-based practice has been well established in medicing.al#o becoming a
major concern for the disciplines of education, forecastingtstatissnvironmental
management, information technology, social work, and just about adyredre service
is central to the mission. In all cases the intent of its egupdn is to address concerns of
practice that are unsystematic, reliant on intuition, and prone tacplilégal influences.
The primary objectives of evidence-based practice is to provideitigraets the tools
and skill to access, assess, and adapt existing evidence forauspecific context and to
formulate context-specific evidence when existing evidence failameet existing
standards of practice.

The definition of what is “evidence” also tends to be context speaifith various

disciplines making interpretations of what appropriate evidenceiwdast For some
disciplines it represents tangible, testimonial, acceptabls.faEor others it must be
grounded in rigorous, systematic, and objective methods. In alf,daseever, there is
agreement that evidence has both qualitative and quantitative dimeakagswith a

range of guarantors.



190

For the Latrobe Project, it was agreed early on that knowl@dgguction was the
armature of the creation of evidence. It was this dimensiontirgeknowledge in
context, that specifically connected the issues of evidence toneeidmsed practice in
architecture—the application of established, guaranteed knowledgedence to inform
specific architectural practice activities on a specifisatrof client driven projects. As
in medicine, it was also recognized that this evidence could émmevarious sources,
ranging from past experience—intuition and experience to rigoroustensgtic
research—as undertaken in the two concurrent tracks of the Latrobe Project.

Conclusions, Implications, and Connections

Research by its very nature is riddled with risk. Conresgarch to architecture and the
level of risk is even more so increased. The purpose of resgageneral is to pose
guestions with uncertain outcomes. As such, sometimes the outcomel that
expectation or predisposed intensions, and sometimes they do not. Whenhreésea
conducted in the format of Mode 2m the outcomes become even more dynEneic.
Latrobe Project outcomes are a good example of this phenomenon.

The two research reports as presented in Chapter 2 and 3 ofpibiis decument the
specific findings and implications of those findings. Each standssawin, illustrating
the nature of the research question, positioning the work in a laogg of work, setting
forth a methodology of exploration, and reporting the outcomes. Eables# tesearch
tracks was highly influenced by the process interactions oLadtr®be team members,
the organizational conditions of the context in which the researsttaraducted, and the
larger expectation that it be a thread of connection in the work.

When this project began, it was assumed that there would bgla project, possibly

with multiple dimensions, but not two separate research tracksthee would be

overlapping, disciplinary engagements that would establish trangltiacy outcomes.

In addition, it was assumed at least by some that the meadugeality of the outcome
would be socially constructed by the team and the larger setenofmunities, i.e.,

healthcare, architecture, and research disciplinary standardsy gierit to a whole that
was larger than the some of its parts. Each of the sepaaates tto some degree
accomplished these conditions, but not in the manner expected. [tagamt to keep in

mind that these outcomes do not represent failure, but reflect tive wétthe struggle to
undertake meaningful and important research.

In an effort to illustrate the underpinning issues and valuesabaged the team'’s efforts
and to demonstrate the nature of that struggle, the followinges af observations about
the process of the Latrobe Team interactions. In looking to theefuitiis these
conditions that will allow the framing of new researctodff in practice to gain from the
process experience of the Latrobe Project.

These observations are grounded in the materials previously doedimanbve that
reflect outcomes from meetings, presentations, research repords,the process
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guestionnaire. Each of the items listed represents a smmifaspect of the research
experience. The intent is to provide an overview of the work setfitltge process over
time.

o Navigating disciplinary boundaries. The question of was this work trans-
disciplinary, and what that might mean in our context, is still an open question. All of
the principal investigators share the basic scientific model of reseanelther social,
organizational, or biological), making communication fairly stramgwhrd and
about rigor and quality. What makes this work interdisciplinarythat the
independent variable is design and the outcome variables are phgeual, and
organizational.

o New ways of knowing. This project created “new” knowledge and may have created
knowledge in a “new” way.

o Agreements are central to progress. This was an iterative process. Whatever
agreements made along the way certainly positioned challengesntanduced
change at every step of the process.

o Implicit vs. explicit knowledge. As practitioners, both our education and practice
center on “problem resolution”; as such knowledge tends to be “prodpewific”
and thus not seen as directly applicable to the next problem because of its dependency
on context of application. This suggests that it is only aftemyyears of practice
that a body of knowledge is developed experientially. Additionatlg, grocess of
developing knowledge is redundant for the individual and difficult tostea to
others within or outside the profession. It is this culture and peatttat research for
the purpose of creating multiple forms of evidence and, more spdlgifievidence-
based design are challenging.

o Language is central to understandingThe search was for trans- or interdisciplinary
(scientific) processes that provided insight into how one acquires &dge/ithat can
be additive to a practitioner’s typical problem resolution procemstéxt of specific
application) and that enhances predictive performance outcomes. ThiasKaof a
common language, processes, and protocols makes this process slow auolfd. diffi
This project marks a starting point for the generation of a new bbedypertise that
speaks both the language of science and the language of design.

o Knowledge always in context. Knowledge produced in context is not new, but it is
how context is defined that creates the challenge. The assurhpt®is that if the
knowledge is to be accepted, the parties with vested interest-teatshiclients and
researchers—must socially construct it.
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o Tension between agendas of playersThere was tension between research
opportunities that have the greatest potential and the specifiesigbat are of
greatest interest and concern to the stakeholders—clients, ctesmsardesigners,
regulators, etc.

o Outcomes to serve the majority.“Clinical research” is in many ways the healthcare
equivalent of “research in context.” It must address the mamplex factors that
define each individual patient’s conditions and his other unique needs and, values
while investigating specific questions directed at creating apigisathat serve to
improve outcomes for the majority of people and circumstances.

o Vocabulary and differences. The vocabulary and cultures of the members of a
trans-disciplinary team vary widely. However, the processeséarch had great
similarities across the social, organizational, and scient#ids that comprise the
Latrobe team.

o Horizontal consensus building.The team process initially presented its members
with a highly uncertain task, and the meetings and interacti@ne wrganized to
reduce that uncertainty, that is, to define the research questiomfilize resources,
to develop a structure and set of operating processes to faciatks based on a
horizontal organizational structure. The challenge in the process tw reach
agreement through consensus. The two concurrent tracks represent aoresbthe
process of consensus decision-making and the practical reaiti€e®@nducting
research in the most stringent of environments, healthcare settings.

o Survival in uncertainty. Mode 2 research, as noted, guarantees high uncertainty.
The ability of a group of people to survive this ambiguity wadlehged often in the
process. The determination of the quality of the outcomes of tlusriernce of
working together will be in the acceptance of the evidence presentad neport by
the appropriate peer groups.

o Commitments unquestionable. The commitment of this team to the project was
unquestionable. As noted, the struggles were about language, definiticas, rol
outcomes, and resources. Research in context, with diverse disgiplina
representation and a lack of a tradition, made the day-to-day aetidnactivities
seem fuzzy, but in the big picture significant progress was moard achieving the
goals.

Great care was given to monitoring the process of the LatrobecBrdjs such the
natural question to ask is: is there a model inherent in this gritasis transportable to
other research settings? Yes, but not as a new model, rather @goonded in the
concepts and principles of Mode 2 research adapted as a framewar&nfiucting

research in practice. A way of framing this model is to lookeath of the major
components of Mode 2 research and evaluate match and mismatcheotdhegions

with the Latrobe Project.
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o Outcomes generated in the context of application

Conditions

The armature of the original proposal for the Latrobe Projectbeas out of the

concern for providing a framework for producing knowledge in practicesu8l the

three-party partnership was the mechanism for establishingemational model that
represented the stakeholders of knowledge and its application—the drctiite

client; the researcher.

Implications

For parties to take ownership of the research outcomes iticaktthat they be a part
of the conceptualization and implementation of the research effgrdoiBg so each
party has a vested interest in framing the research questi@tsrmining the
acceptable measures of quality, and testing the applicabilityeobutcomes in real
settings.

o Trans-disciplinary with a range of methods, procedures, and standards

Conditions

A range of methods is used that come together often in novel formesolve a
specific problem. This was another of the primary considerationfenotiginal
proposal. The partnership was committed to representing a dsedreé disciplines
within the original team structure and expressed the willisgrie bring additional
disciplinary expertise when needed. The original team was cothpbsgchitects,
organizational scientists, applied economists, healthcare admunistrabciologists,
and neuroscientists. Others—additional psycho-physiological and neuascie
researchers, healthcare administrators and facility plannersdesigners—were
brought to bear as needed along the way.

Implications

If research is to be conducted utilizing the M2R structure, dgtiical that all of the
possible stakeholders with a vested interested in the nature ekdach question be
represented within the team. It is also important to recogna&et may be necessary
to add new members and that that some original members may mdedve.
However, this model is not consistent with biological or medicaames programs,
where the research team is developed based on its match to thebé&ipg
investigated. In joining the team, and accepting any grant mongsbers contract
a commitment to completing the project and reporting on the research outcomes.

It is also important to understand that these transitions @l impact the nature of
leadership and communication structure embedded in the project. Adsuaver,
it is necessary to have an executive leader for the projeztakes responsibility for
directing the ongoing work and process of the project and for monititrengrocess
of conflict resolution when conflicts arise. This was not done inglogect. Flat
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organizations still require a leader, who may change over timéhdngt must always
be someone with executive authority for the project.

Outcomes produced across knowledge organizations and in multiple setis

Conditions

As noted in each of the research track reports, multiple knowladgaizations and
multiple settings were an integral part of this project. fEHsearch was moved to the
appropriate expertise and setting during the various phases ofojeetprMultiple
divisions of KP participated at each phase of the Natural Erpati and the project
was taken to multiple sites as necessary. In terms of the&erous researchers
from the University of California, San Diego and Ohio State Usitieras well as
staff from KP and Chong Partners Architecture were intdgrée project. Because
of the mismatch between funding and scope of the research prdjeas, necessary
to acquire in-kind services from disciplinary experts to providektimvledge and
skill to carry forward certain specific tasks within the potj In both of the
concurrent projects their staffing and location were dynamic, tatju® the needs of
work required by incorporating additional people and new settings. Iticeqabthics
committee standards required that procedures complied with fedtemadlards,
limiting the scope and context of study.

Implications

When knowledge production is carried out in practice, it is critwdlave access to
expertise from various disciplinary individuals and groups. This reqtirasthe
organizational structure and funding mechanisms be nimble and transpdotdblan
terms of mission and location. This was clearly true in oge agith KP, as they
were most generous in providing additional funding and people to allowhéor t
development and completion of the Natural Experiment. In terms dfaheratory
Experiment, the challenge was the funding mechanism, requiringorey/i® the sub-
contract process as well as limiting the scope of the effonhapity sample size and
number of measurement conditions. Similarly, the laboratories suehtists
contributed their expertise, staff, and equipment to complete the research.on time

Reflexive with conversations and dialogue between researchers and sdbg

Conditions

Research in context requires that there be open communicatisnlitren and
across the boundaries of the researchers, clients, and sepx@eprin our case
Chong Architecture, UC Berkeley, and KP. This may have been eakest
link, both in terms of creating an organizational structure thathwagontal and
at the same time providing appropriate mechanisms for beilegivef. This also
at times challenged the leadership structure of the team when biesroztiveen
the partners became fuzzy or the partners became non-respombiassue of
language of exchange was also a challenge, partially beoatise disciplinary
breadth of the team members, but also because opportunities werewvidegr
for time to listen and learn from the experience of others.
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Implications

It is extremely important to create an organizational structun@ leadership
format that are flexible and porous, given opportunities to interaceitings
where action is expected, but also time to communicate andtekeam®rk so it is
carefully studied through listening and not judging. Partneringsskie central
to this process and, if they are not possessed, get them early in the project.

o0 Accommodation of multiple definitions of “quality”

Conditions

This was a project conducted under the guidance of three independetivense
organizations, each with long-standing cultures of operational environnvents
patterns, processes and procedures, and organizational norms and valuag tivaki
aspect transparent and navigable was a challenge. The prajacwvies challenged

by this condition, mainly when it came to connecting the rekeand its resulting
evidence to its implications and application to practice in an evidence-based process

Because of the nature of the resulting two tracks, neither ahvgut to the stage of
direct application in a design setting, all that can be providedihereat each of the
reports provides as suggested implications and applications for tlemeutcThis is

not, however, unusual to the process of transporting finds from discovery to
application of new knowledge production. This should not in any way sudngst t
the outcomes of this research are not important. On the contrarfindnegs are
significant; they represent major knowledge contributions now and prawvide
framework for additional important research in connecting reBeautcomes to
design practice.

As noted early in the report, “practitioners are interestedahonable’ results while
researchers are worried about how results will be used, atttilamig interpreted.”
This is an important component of checks and balances on definingy gnah
manner such that research outcomes become meaningful design informants.

Implications

Knowledge production in an M2R model with the four previous conditions nagst a
have a structure that allows that measures of quality ballyocbnstructed, not only
by team members, but also by positioning the research efftineitarger body of
work in the domain that it addresses. This allows the work to baatedl by peers
not directly related to the project and to judge its qualitgtaydards of the domain
in terms of reliability and validity. This will also allow others to build be work by
repeating or extending the specific research question. Itscs thke arena where
acknowledgement of the work is achieved both formally, by the standértie
associated research community, and also internally to the warkresponsible for
the research project.
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It is also the arena where these dilemmas of actionable owtceensus how the
outcomes will be used, attributed, and interpreted find understandinthe |
organizational structure of the Mode 2 research endeavor is handlegragely, it

is through the social construction of measures of quality that ragrée and
understanding of the limits of action and use can be articulateéstablished in a
transparent manner, allowing the practitioner the opportunity use oegtc@®m
evidence, but at the same time to appreciate and honor the limiteaamnd how to
attribute that use.

Summary of Findings and Outcomes

The Latrobe Project has provided the opportunity to explore an asptwat future of
architectural practice that is critical to formalizingetformat and intentions of the
mission of the profession for the future. It is clear that thiaré of the profession is
grounded in knowledge management: what do we know; how do we know itpand
do we renew that knowledge in the fast changing world of practice.

As noted earlier, the Latrobe Project was structured around twenitomants to the
College of Fellows of the American Institute of Architectsrstf in a disciplined
manner, to observe, assess, refine and document the approaches ussatetdhe
research in order to allow the architectural profession to lFam it and apply the
outcome in future architectural practice settings (The Maaled), second, to conduct a
pilot study in a healthcare context to yield immediately applee data and to construct
and test the model (The Pilot).

In an effort to accomplish these goals the team structured twpendent pilot projects,
The Natural Experiment and the Laboratory Experiment. As notedyvdHeng process
of the team was documented from the beginning, where the researtiorqagsvere
formed, to the completion of the formal reports included here. Thedingcpages of
this chapter document the evidence that illustrates this process.

In its simplest form the two pilot projects were conducted iradittonal form Mode 1
Research (M1R) of the application of the scientific method but fraddio reflect three
primary differences. First, the nature of the research questiargs)defined in the
context of application by the three partners of the Latrobe &rojm addition, it was
agreed that, where possible, additional disciplinary representatior Wweubrought to
the project when needed and, finally, that the measure of theyogofalhe outcomes, in
addition to the disciplinary standards, and the outcomes would be judgedeiby t
capacity to represent empirical evidence that could inform an regdeased practice
process.

The outcomes of each of the two pilot projects resulted in evidenéatdioe application
and a framework for conducting future research in search of rmeddhe Integrated
Database Model (IDM) provides a major framework for future research, @M to
inform specific research questions at a sample scale unpreatdertther healthcare or
architectural settings. The Laboratory Experiment, composegloo$ub-studies, (1) The
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Effects of Light on Heart Rate Responses, and (2) The Eftédtgyht on Brain Wave
Electroencephalography (EEG), provides significant empiricatieace that, when
physiological measures, heart rate and brain waves are used diwdese lighting
conditions, various human response and performance are observed. In bothecases
evidence presented, a model for future use, and human performance oufoomes
exploration in real design settings. The design charrette ukeeréa a part of this study
illustrates the capacity of this effort not only to directlyommfi design, but to set the stage
for further applications in a designed setting.

In both cases, the Latrobe research outcomes of the two tracksergpsignificant
advances in the understanding of how to create evidence from eraetiings and
understanding the knowledge required to inform design decisions incpradine
outcomes of both tracks taken together make a strong case foagheitg to create
empirical evidence to inform evidence-based practice.

The next steps must be grounded in the identifying metrics tablesting a set of
physical attributes of architectural spaces that house humarcesers® that human
performance can be or is measured. The IDM and LE argumel® soggests that it is
possible to establish a robust field of empirical evidence tmainéarm the outcomes of
architectural practice, specifically focused on healthcare @mwients. It also suggests
that the processes and methods used here are transportabr engttonmental facility
types and settings.

In terms of the model, it can be said that the concept of collabrasearch is a critical
form of inquiry that needs to be pursued in the discipline and profess$iarchitecture.
Did the Latrobe Project deliver “a model”? Maybe not, but it giplyathe structure and
conditions of Mode 2 research that did provide an important framewotriarturing
the Latrobe Project outcomes. It is safe to recommend thdtaimework of the four
defining elements of M2R are important to collaborative reseaechresearch generated
in a context of application, trans-disciplinary, socially consedigheasures of quality,
conducted across knowledge organizations and sites, reflexive, and conauttnetite
need in architectural practice to merge the outcomes of cbsedth actionable design
results and with a degree of trust in the empirical evidendddoyarger community of
practitioners and researchers.

It is well understood that our future in architectural practidebe highly influenced by
evidence-based practice. It is important to recognize tha¢ese comes in many forms,
from personal experience (intuition), to best practices, to rigoraisntsically
established findings. As such, evidence for use in architectuigeraoes not need to
be all in one form or another, but. as in medicine, practice musheisvidence from as
many sources as possible to predict the nature of the outcomecdicsaetions. The
critical issue here is not the evidence itself, but the transpa@ the evidence, so that
others can judge and understand the impacts and influences oicsfeerit of evidence
on performance.
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The Latrobe Project has contributed to this dialogue concerning knowteddaction

(evidence) and its management (evidence-based practice). The outev@essulted in
a multi-disciplinary, physiological lab experiment that was intended to Hetalpit that,

in fact, is a valid study in its own right which makes siguaifit contributions to the
domain of light and lighting knowledge for designers. It has inspir@dagr client,

Kaiser Permanente, to develop and implement an evidence-basedsamaisbdology
for application within its organization. The partnership and resultingbmmiation have
created a foundation for future design interventions based on new knovdedge

framework for validating the outcomes to apply the IDM analysisdetermine the
implications of decisions on a wide set of important issues and enoedical, and

human satisfaction measures. The IDM and LE provide fertileaarem future research
and the model for conducting research in practice. Yes, thet#l work to be done, but
these studies have made significant contributions, and a direction érasestablished
that, if pursued, will continue to produce significant outcomes.



