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Abstract 
When built environments in health care result from an evidence-based 
design (EBD) process, they are interventions that can improve patients’ 
health outcomes. This commentary on a case discusses which ethical 
values should guide organizations’ capital expenditure decisions about 
retrofits, which might be more costly than the original budget. This 
discussion urges reevaluation of the common assumption that capital 
improvements are “sunk costs,” since such improvements can promote 
long-term positive health outcomes for an organization’s patients, 
thereby advancing both financial value and ethical values. This 
commentary also suggests that EBD offers key interventions that are 
clinically and ethically relevant. 

 
Case 
A large health system has contracted with an architectural firm to develop plans for 
renovations of one of its hospitals. Originally built in the late 1960s, the building is in an 
urban-based community. During a planning meeting, the architect considers suggesting 
incorporating a white noise sound system, other sound-masking equipment, and good 
lighting in the design plans, since there is evidence that these features promote more 
peaceful inpatient environments. Despite the likelihood that these retrofits would 
improve patients’ experiences, the architect is concerned that they will cost far more 
than the contract’s budget allocates and wonders whether to suggest the retrofits. 
 
Commentary 
When renovating a facility, stakeholders have an opportunity—and an ethical 
obligation1—to do more than base decisions on personal preferences and budgets. 
Health care organizations undertaking a facility design project should require an 
evidence-based design (EBD) process, wherein the team bases “decisions about the 
built environment on credible research to achieve the best possible outcomes.”2 The 
long-term benefits of improved outcomes should shift the view of the project from being 
a “sunk cost” (ie, a cost that will never be recovered) to being an investment with the 
potential for payback over the usable life of the project. The return is calculated based 
not only on hard “dark green” dollars (ie, measurable financial outcomes, such as 
resource use, length of stay, and staffing), but also on soft or “light green” dollars (ie, 
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harder-to-quantify organizational consequences, such as reputation, patient and staff 
satisfaction, and workplace safety).3 Accordingly, the priority in renovating a facility shifts 
from How much should we spend? to What design decisions will contribute to improved 
clinical performance and improved financial outcomes? Furthermore, just as clinical 
ethical principles are applied to medical practice,4 so they can equally be applied to the 
practice of facility design. We should also ask: What is our obligation to align design 
decisions affecting care delivery with the principles of beneficence, nonmaleficence, 
autonomy, and justice? and How do we value such design decisions (literally and 
figuratively)? This article describes a framework for decision-making about EBD 
renovations that are both clinically relevant and ethically sound. 
 
Identify Challenges in EBD 
The first step in meeting the obligation for renovations that improve clinical outcomes is 
to identify challenges in the project, including environmental conditions and ethical 
tensions, and to define the problems that need solving. In this case (hypothetically 
illustrated in the Figure), there are a host of design features that influence conditions of 
noise and light, as well as other environmental conditions that might lead to undesirable 
health-related outcomes. 
 
Figure. Fictional 1960s Medical-Surgical Unit 

 
Abbreviation: PTAC, packaged terminal air conditioner. 
 
While noise and lighting are identified challenges, these are not the final outcomes of 
interest. The environmental conditions should be considered in the context of adverse 
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health-related outcomes to first identify clinical ethical principles relevant to possible 
solutions (see Table 1). 
 

Table 1. Design Features, Environmental Conditions, Outcomes, and Ethics 
Design feature Environmental 

condition 
Adverse outcome Ethical principle4,5,6 

Centralized nurse 
station 

Noise Interruptions and distractions could lead to 
safety concerns.  

Nonmaleficencea 

Centralized nurse 
station, hallways 

Noise Loud conversations could create ambient 
noise in patient rooms.  

Beneficenceb 

PTACs Noise Noisy on-off cycles disrupt sleep. Beneficenceb 

Walls that extend 
to ceiling 

Noise Sound travels through wall into adjacent 
patient room, potentially disrupting sleep. 

Beneficenceb 

Doors across 
from each other 

Noise Conversations more easily heard across 
the hall in the opposite patient room, 
creating privacy concerns. 

Autonomyc  

Absence of ICU 
windows 

Light Lack of daylight could disrupt circadian 
rhythms of staff and patients. 

Beneficenceb 

Small private 
rooms 

Layout Inappropriate caregiver space could result 
in nurse injury. 

Nonmaleficence,a 
distributive or 
procedural justiced,e  

Small rooms Layout No space for families or visitors to support 
the patient. 

Distributive justicee 

Small windows Light Limit patient views. Beneficenceb 

Non-dimmable 
lighting 

Light Nighttime tasks that require room lights to 
be turned on disrupt patient sleep, which 
can lead to injurious falls. 

Nonmaleficencea 

Fluorescent 
lighting 

Light Older technology is less energy efficient 
than LED lighting and contributes to 
hazardous waste. 

Distributive justicee  

Abbreviations: ICU, intensive care unit; LED, light-emitting diode; PTACs, packaged terminal air conditioners. 
a Nonmaleficence is the obligation to prevent harm (eg, medication errors, falls). 
b Beneficence is the obligation to provide care that benefits the patient and promotes their welfare (eg, quality sleep/appropriate melatonin 
production for healing, positive distractions). 
 c Autonomy is the obligation to respect the patient’s capacity for self-determination, but autonomy is more explicitly aligned here with the 
obligation to protect patient confidentiality. 
d Procedural justice entails the process used to realize fair outcomes and distributive justice (eg, including end users in decision-making to 
mitigate the risk of injury). 
e Distributive justice is the obligation to fairly and equitably distribute scarce resources (eg, environments supportive of staff and of the 
patient and family experience, potential cost savings through consideration of financial benefits and cost avoidance). 

 
Built Environment Interventions 
Because built environments contain features that directly or indirectly influence health,7 
an essential component of an EBD process is to examine the existing evidence of 
environmental conditions, such as noise and light, related to outcomes of interest in 
order to identify design opportunities for improving care that align with clinical ethical 
principles. 
 
Noise. Noise is most consistently referenced in the context of disrupted sleep, but 
hospital noise is also linked to speech privacy, cognitive processing, and even 
posthospital syndrome.8,9,10 Noise also affects nurse anxiety, stress, and burnout.11 

Noise is so important that it is included in national patient experience surveys—the 
Hospital Consumer Assessment of Healthcare Providers and Systems (HCAHPS)—that 
are collected and publicly reported for nearly every US hospital.12 HCAHPS scores have 
been shown to be influenced by minimum sound levels,13 as well as by the occurrence 
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rate of peak sound levels.13,14 The “quiet at night” question, a proxy for quality sleep,15 
has been one of the lowest performance scores since the survey’s inception. According 
to 2023 data, only 62% of patients reported that the area around their room was always 
quiet at night.16 Supporting the principle of beneficence, research has demonstrated 
that white noise (eg, ocean sounds) can improve sleep,17 which can reduce depression18 
and heart rate19 for some patient populations. 
 
Light. Like noise, lighting can also contribute to disrupted sleep10,20,21 and negative 
health outcomes resulting from disrupted circadian rhythms.22 Good lighting might be 
defined in a number of ways. In addition to providing appropriate light levels for tasks 
with energy-efficient fixtures, the nonvisual biologic effects of lighting should be 
considered in the early phases of hospital design. Research suggests that using dynamic 
lighting (eg, circadian, tunable) can improve sleep duration for some patients,21 thereby 
supporting the principle of beneficence. Blue-depleted lighting might result in less 
suppressed melatonin levels, increased sleep time, increased rapid eye movement 
sleep, and lower neurocognitive arousal.23 Accordingly, the Society of Anesthesia and 
Sleep Medicine has called for patient sleep optimization measures in patient care 
guidelines.24 

 
Furthermore, modern lighting technology is more energy efficient, using perhaps 40% 
less energy than older florescent fixtures.25 In this case, it is fortuitous that the same 
dynamic lighting design intervention might support independent goals of attaining 
sustainability targets (eg, energy efficiency) and improving the patient experience (eg, 
quality sleep). This example illustrates a common occurrence in the EBD process, 
wherein a design intervention may influence multiple outcomes that may or may not be 
mutually exclusive. In the context of distributive justice, potential cost savings can be 
considered in future resource allocation decisions. 
 
Light and noise can also contribute to medication errors that affect patient health and 
safety, adding to an economic burden associated with increased length of stay, death, 
and use of postdischarge resources.26 Additionally, as indicated above, light and noise 
can result in disrupted sleep, and sedative hypnotic drugs prescribed for sleep-wake 
dysfunction can have adverse effects, including falls and delirium.27 
 
EBD and Business Decisions 
One aim of an EBD business case is to weigh costs of construction against returns for 
alternatives that contribute to improved outcomes. In a theoretical example of a 
business case for better health care design, researchers estimated cost avoidance of 
adverse events to offset incremental costs of construction, resulting in a simple payback 
period of 1 to 3 years.28,29 The EBD business case recognizes that improved outcomes 
and reducing avoidable harm are inseparable from the life-cycle cost of operations. This 
approach, which takes into account both financial and ethical value, provides an 
additional opportunity to consider the alignment of solutions with ethical principles. 
 
Cost. Construction costs are often called first costs, but there are operating (life-cycle) 
costs (eg, maintenance, replacement) to be considered as well. Newer approaches to 
aid decision-making aim to forecast the long-term costs of construction and ownership 
(costs and revenues) over the estimated building lifespan.30 This holistic approach is 
better suited to a broad concept of financial value that can be realized in indirect social 
and ethical outcomes, as well as in direct monetary outcomes. Projects can be 
compared using net present value (NPV), a discounted cash flow that reflects the time-

https://journalofethics.ama-assn.org/article/were-all-healthier-under-starry-sky/2024-10
https://journalofethics.ama-assn.org/article/who-should-contribute-decisions-about-health-care-space-design/2024-12


 

  journalofethics.org 920 

value of money, with a higher NPV reflecting a higher rate of return.31 The discounted 
payback allows a ranking of alternatives so that organizations can more objectively 
decide which projects to pursue and the opportunities that may be lost through choice 
selections (the opportunity cost). There is a myriad of deterministic and probabilistic 
methods that can be used to create financial models.7 While NPV typically applies to 
projects, it can also apply to individual decisions within a facility design project. As 
discussed below, part of the outcomes-related decision should include consideration of 
clinical ethics. 
 
Value the values. Organizational values in the form of a vision statement and guiding 
principles, which often include the patient experience and safety, often drive projects. 
Nevertheless, short-term priorities, such as the project budget, easily dominate design 
decision-making. Containing the budget is one organizational value and aims to protect 
and preserve the distribution of resources across organizational imperatives, but there 
is rarely (if ever) a consideration of bioethical principles. In this case, the architect is 
reluctant to suggest design interventions with known positive effects solely due to 
containing the budget, one value among many. Is it ethical to ignore the potential 
influence of design on improved health and outcomes? Who has the responsibility to 
raise the issues? Do we really value the patient experience beyond marketing language? 
An EBD process that includes a truly interdisciplinary team (with bioethicists) could 
create a space for ethical discussions that frame the desired outcomes. However, 
advocating for ethical design interventions that are known to influence outcomes could 
be even more powerful when accompanied by the EBD business case. Valuing the 
values might aid in resolving the potential conflict between ethical and traditional 
business decision-making principles. 
 
Valuing solutions. For this case, the team will need to consider the scope of 
improvements, their incremental costs (the amount in excess of the “standard” 
condition), and the benefits associated with improved outcomes. For noise, the team 
should evaluate the best solutions to mask the most disruptive sources commonly 
identified in the literature (eg, staff conversations). The cost of a noise-masking system 
would be evaluated against the potential for beneficence (eg, improved health and 
welfare), as well as higher HCAHPS scores that might lead to higher reimbursement from 
the Centers for Medicare and Medicaid.32,33 This financial benefit would help turn light 
green dollars into dark green dollars. For lighting, the team should consider that reduced 
energy use with modern light-emitting diode lighting results in lower utility costs, such 
that the new lighting could pay for itself over time. Funding might also be obtained 
through energy grants, incentives, or rebates. However, in the EBD business case, while 
reduced energy use directly affects operating costs, the indirect costs of ethical medical 
care (eg, improved sleep) might be valued with respect to reduced prescriptions to 
improve hospital sleep,34,35,36 reduced posthospital syndrome, and reduced follow-up 
care.10,37 While savings from improved health-related outcomes might be light green 
dollars, they are important considerations for ethical medical care that can also lead to 
dark green dollars in the avoidance of 30-day readmission reimbursement penalties.38 
 
A Proposed Framework 
With EBD, the interdisciplinary team can make informed decisions related to 
interventions and outcomes. While no project can incorporate every idea, the framework 
of the business case offers the opportunity for a more evidence- and ethics-informed 
decision-making process. A process to pursue the EBD business case is presented in 
Table 2. 

https://journalofethics.ama-assn.org/article/what-should-health-professions-trainees-learn-about-built-environment-activism/2024-12
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Table 2. Framing a Process for the EBD Business Case 
Step Description Example 

1 • Identify the problem(s). 
• Align solution with ethical principles. 
• Define EBD business case scope (eg, 

setting, population, timeframe). 

• Noise and poor lighting negatively impact patient safety. 
• Appropriate acoustics upholds nonmaleficence.  
• Medical-surgical and ICU (settings); adult patients 

(population); 10 years to next refurbish or replacement 
(timeframe) 

2 • List health and health care-related 
outcomes associated with Step 1. 

• Continue to align solution with ethical 
principles. 

• Identify available measures. 

• Sleep quality, falls, delirium, sleep medication, posthospital 
syndrome, and so on 

• Appropriate acoustics upholds beneficence (eg, improved 
sleep) and nonmaleficence (eg, avoidance of harm from falls).  

• HCAHPS, falls/1000 pt days, medications prescribed, 
readmissions 

3 • Choose and innovate design solutions 
that influence desired outcomes for 
population(s) identified. 

• Evaluate noise-masking and noise-reduction solutions for 
different areas, choose energy efficient lighting (unit-wide) 
and dynamic lighting (patient rooms, nurse station). 

4 • Target improvement metrics.  
• Establish revenue/cost avoidance 

measures associated with related 
outcomes.a 

• Improve HCAHPs one quartile.b  
• Reduce falls by 2 per year at current rate/1000 pt days 

($64.5K/fall with injury39); reduce energy use 40%; reduce 
sleep medications 10%.  

5 • Document incremental construction 
costs (region-specific) for each design 
alternative. 

• Work with cost estimator or contractor to establish costs of 
the “standard” solution, as well as the incremental 
differences in cost of the alternatives.  

6 • Estimate benefit(s) attributable to 
each intervention alternative. 

• Be transparent! 

• Agree on assumptions (eg, 50% of HCAHPS improvement is 
attributed to sound masking and dynamic lighting; 50% of 
falls reduction [20 falls over 10 years] and 75% of energy use 
is attributed to new lighting). 

7 • Establish modeling to be used.  
• Conduct financial calculations. 

• Simple payback, probabilistic analysis (depends on feasibility) 
• Calculate the payback and/or ROI.c 

8 • Finalize design decisions. 
• Commit to measure outcomes and 

financial results after occupancy. 

• Based on the payback for each alternative, make choices. 
• Use the framework created to measure results and validate 

the EBD business case. Share the business case results; 
publish when possible so others may benefit from new 
evidence. 

Abbreviations: EBD, evidence-based design; HCAHPS, Hospital Consumer Assessment of Healthcare Providers and Systems; ICU, intensive 
care unit; ROI, return on investment. 
a Use published literature or organizational data, if available. 
b Use organizational data to calculate achievement and improvement rates’ impacts on reimbursement. 
c Use incremental first costs and future maintenance replacement and revenue/cost avoidance per year. 

 
Teams should discuss calculation methods based on their feasibility and the goal of 
creating a narrative, a deterministic analysis, or a probabilistic assessment.39 

 
Conclusion 
EBD processes for health care facilities regard design as an intervention to improve 
outcomes. While the evidence base for design has been growing, the related EBD 
business cases, like the ethics discussions in design, are sparse. While health care 
organizations focus more often on the dark green dollars of tangible choices than on the 
light green dollars that result from societal value and improved health outcomes, facility 
project stakeholders (eg, architects, designers, clinicians, health care governing bodies) 
have a responsibility to consider design decisions in the context of medical ethics. 
Developing a business case for built environment interventions can be complicated, 
however. There is rarely a one-to-one relationship of interventions and outcomes; there 
are moderating and confounding variables; and, unfortunately, there is a lack of easily 
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accessible data. However, in order to best provide patients and staff with safe and 
health-promoting environments, decision-making must balance the ethics of improving 
outcomes with the recognition there will be not only short-term costs but also long-term 
financial implications. What is built today does not end with construction; there is an 
ethical imperative for investments that can promote health and mitigate the risk of 
negative outcomes for many years to come. 
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