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ABSTRACT 

Design of the built environment, particularly lighting design for visual acuity, is crucial 

to performance of medical tasks and functionality of healthcare facilities. Studies show that a 

healthcare gap exists among minority populations that lack access to medical facilities or 

equitable treatment within such environments; thus, while factors of bias in treatment quality 

may not be solved by design of the built environment, access and psychological consequences 

certainly can be addressed. To study how factors of lighting design can bridge gaps in the 

possibility for more accessible healthcare facilities to become available, this project will evaluate 

and apply a prototype for design of a pop-up healthcare center. Solar geometry analysis in 

various parts of the U.S. will be valuable information used to determine the specific orientation 

and plan strategies for roll-out of low-energy, cost-effective pop-up examination facilities 

throughout the nation. Research of design for equity as well as precedent studies of pop-up 

facilities—especially those used for vaccinations and quarantine during the COVID-19 pandemic 

and military triage tents—will be integral to this project. Additionally, review of current and 

emerging lighting and equipment technology will provide significant background information. 

All populations deserve access to quality healthcare, and this project aims to discover how the 

field of lighting design can positively contribute to this goal within the context of pop-up facility 

design. 
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FACING THE HEALTHCARE GAP: LIGHTING DESIGN FOR A MOBILE CLINIC 

Design of the built environment, particularly lighting design for visual acuity, is crucial 

to performance of medical tasks and functionality of healthcare facilities. Studies show that a 

healthcare gap exists among minority populations that lack access to medical facilities or 

equitable treatment within such environments; thus, while factors of bias in treatment quality 

may not be solved by design of the built environment, access and psychological consequences 

certainly can be addressed. To study how factors of lighting design can bridge gaps in the 

possibility for more accessible healthcare facilities to become available, this project will evaluate 

and apply a prototype for design of a mobile healthcare center. Solar geometry analysis in 

various parts of the U.S. will be valuable information used to determine the specific orientation 

and plan strategies for roll-out of low-energy, cost-effective pop-up examination facilities 

throughout the nation. Research of design for equity as well as precedent studies of pop-up 

facilities—especially those used for vaccinations and quarantine during the COVID-19 

pandemic—will be integral to this project. Additionally, review of current and emerging lighting 

equipment and technology will provide significant background information. All populations 

deserve access to quality healthcare, and this project aims to discover how the field of lighting 

design can positively contribute to this goal within the context of pop-up facility design. 

Though all populations deserve access to care, in practice, especially in the United States, 

this is not always the case. The healthcare gap is a term that is often employed when evaluating 

quality of healthcare for various groups because while every person requires medical care at 

some point in their lives, different factors affect access and quality. According to Race, Ethnicity, 

and Health: A Public Health Reader, health disparities are “differences in morbidity, mortality, 

and access to health care among population groups defined by factors such as socioeconomic 
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status (SES), gender, residence, and especially race or ethnicity” (LaVeist and Isaac 12). Health 

disparities reflect social inequalities, and as such, tend to affect lower income and minority 

populations more severely than more privileged groups in access, quality of care, and outcomes. 

For example, statistically, black and Hispanic Americans experience higher mortality rates than 

non-Hispanic white populations (LaVeist and Isaac). This gap in access and treatment applies to 

all age groups and compounds for populations that experience intersecting disadvantages in 

healthcare.  

In addition to social and economic factors affecting quality of healthcare, geographical 

location has a strong impact. Both urban and rural populations experience barriers to access such 

as a lack of insurance and a lack of availability in facilities. For urban locations, a “high 

prevalence of individuals without health insurance or citizenship creates a greater burden on 

available systems,” often leading to “vast disparities in health care” and a two-tiered healthcare 

system in which those with insurance can access preventative care while those without must stick 

to the “safety-net” of the emergency room (“Urban Versus Rural Health”). Meanwhile, in rural 

environments, individuals face a lack of primary care physicians available and may have to 

travel much further to reach a hospital at all. In choosing which locations to analyze for this 

project, it is crucial to evaluate the needs of various communities according to geographical 

locations since, as previously stated, both urban and rural environments have distinct qualities 

that affect access and quality of healthcare. This project will focus on expanding access for rural 

communities since physical proximity is one of the most apparent barriers to obtaining care that 

can reasonably be impacted by design strategies. 

Mobile clinics are a type of healthcare facility that lend themselves to bridging the gap of 

proximity of access to healthcare, while also being sustainable and versatile. Used around the 
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world in humanitarian efforts, military triage units, and recently during the COVID-19 pandemic 

for testing and vaccination clinics, pop-up healthcare facilities address many problems with 

access to treatment that standard hospitals cannot. To maximize mobility and efficiency of space, 

this project will primarily examine mobile medical unit (especially in RV form) and bus clinic 

design. While “pop-up” and “mobile” are frequently interchangeable terms associated with 

various types of clinics that do not constantly exist in one certain location, this project chooses to 

focus on mobile RV clinics. As “a crucial entry point into the healthcare system overall” (“Pop-

Up Clinics: A Starting Point for Good Primary Care”), both de-constructable pop-up tents and 

mobile RV clinics are valuable modes of providing care; however, mobile RV clinics may be 

better for creating a hospitality atmosphere. 

Mobile clinics can apply recommendations from the Institute of Medicine's Committee 

on Understanding and Eliminating Racial and Ethnic Disparities in Health Care, such as “(1) 

community health workers, (2) patient-centered care focusing on patient education and 

empowerment, (3) cultural competence training for staff, (4) stability and consistency of service 

provision within communities, and (5) staff diversity,” all of which are factors that greatly affect 

the psychological ramifications of a history of mistrust between minority populations and the 

healthcare system that stems from lack of care for these groups (Yu, et al). Thus, it is 

increasingly apparent that intentional mobile clinic design can be the starting point for expanding 

access to general healthcare for population groups that currently do not receive this necessity.  

 In order to inform this project properly, addressing current design standards for pop-up 

facilities provides a basis for what is successful in existing design and what can be improved 

upon in future designs. Current pop-up facility design includes mobile RV clinics and military 

tent design that address practical needs for healthcare facilities but tend not to consider the 
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psychological aspects of color, materiality, and space planning that can severely affect the way 

that patients experience a care environment. Nevertheless, many current designs employ 

strategies that future pop-up facility designs should emulate because of their success in 

increasing access to care. For example, companies like Magnum Mobile Specialty Vehicles 

provide medical trailers and vans for basic examinations. Simple diagnostics and blood tests can 

be executed in these small floor plans that include an exam bed, blood draw chair, restroom, and 

appropriate storage for basic medical equipment (see fig. 1). 

 

Fig. 1: Medical Mobile Clinic Plan; Magnum Mobile Specialty Vehicles 
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These vans, while unable to tend to more than two patients at a time, are successful for their 

compact floor plans and integrated electrical lighting sources. With this integrated wiring, the 

lighting can more closely resemble the recessed, clean profile options of a typical building 

interior; however, as current offerings show, the design aesthetics of RV clinics are not 

welcoming, with a one-tone neutral color palette that reflects glare from the overhead downlights 

(see fig. 2). This theme in mobile clinic precedents emphasizes the need for materiality and 

thoughtful lighting designs to create a hospitality atmosphere for patients that deserve to feel safe 

in their healthcare environment just as much as individuals who go to a standard hospital.  

 

Fig. 2: Medical Mobile Clinic Interior; Magnum Mobile Specialty Vehicles 
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Reflecting this theme, another option for popular pop-up facility design is medical tent design 

often used by military and humanitarian efforts. These tents capitalize on space planning to 

provide as many patient beds as possible to be able to care for the most people and are easily set-

up and reconfigured for any need (see fig. 3). Several tents can be set up in a compound to allow 

for easy expansion of a healthcare space to accommodate any required number of patient beds. 

Once again, these spaces, while functional and sustainable, are primarily utilitarian in design, 

with little consideration to providing quality lighting design. 

Fig. 3: Military Tent Design; U.S. Army 

 

In an attempt to incorporate best practices in sustainability and foster a connection with 

nature in future pop-up clinics, solar geometry studies in each potential roll-out location 

determine appropriate daylighting strategies. However, energy efficiency and rapidity of roll-out 

require standardization in place of customization. Thus, some best practices for daylighting 
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strategies that are inclusive of all geographical locations include expansive north facing facades 

with tall windows for the best daylight dispersion into a space, open floor plans, and glazed 

interior partitions (“13 Daylighting Guidelines”).  

 Besides daylighting, within the context of pop-up facilities, electrical lighting design is a 

crucial factor in the success of a healthcare facility. While daylight can give a natural quality to 

the ambient lighting in a space, electrical lighting sources are necessary to supplement daylight 

and provide the focused task lighting that caregivers require to accurately examine patients. In 

general, lighting has physical and psychological health effects on people, including but not 

limited to the effects of blue light on circadian rhythms—the 24 cycle that regulates sleeping and 

waking hours—and visual comfort for the eye. According to “An Overview of the Effects of 

Light on Human Circadian Rhythms: Implications for New Light Sources and Lighting Systems 

Design,” light is one of the most prominent external factors in affecting human circadian 

rhythms, and quantity, timing, duration, and history of exposure to light are various aspects of 

retinal exposure to light that govern hormonal and behavioral changes in the body (Figueiro 2). 

Therefore, it is clear that quality lighting design is crucial to all interior spaces, especially 

healthcare design. Quality lighting design involves layering general ambient light sources with 

more focused task lighting and accent (decorative) lighting. Additionally, reviewing such metrics 

as the Illuminating Engineering Society’s recommendations for illuminance standards, which 

dictate the minimum necessary light levels in footcandles (fc) or lux (lx) on a surface per task 

type, are crucial in lighting design. Correlated color temperature (CCT) and color rendering 

index (CRI) metrics are other factors that categorize the quality and performance of a light 

fixture’s ability to allow for accurate representation of task performance, skin color, and other 

visual acuity and comfort levels. 
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 Architecturally integrated lighting solutions offer a range of subtle and diffused lighting 

that can successfully provide the amount of light needed to perform tasks in a space, as well as 

reduce glare and incorporate aesthetic considerations to elevate a user’s experience of a space. 

Within temporary lighting fixture design, many of these products are strictly made for durability 

and technical performance (see fig. 4).  

 

Fig. 4: Temporary Work Lights; Lighting Insights 

 

Current offerings and technology for temporary lighting solutions include stand or string 

mounted lights that provide the visual acuity needed for medical professionals to evaluate their 

patients’ medical needs in pop-up facilities. A myriad of options for anti-bacterial lighting 

sources utilize blue wavelength light to target and slowly kill bacteria in the air in an effort to 

reduce the possibility of infection. As is clear from modern hospital design, which is more and 

more commonly emulating the hospitality atmosphere of hotel room design in order to increase 
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patient satisfaction and shorten recovery rates, the performance requirements of each space do 

not need to dictate the aesthetics as well; therefore, future design for pop-up medical facilities 

should address this need for a hospitality aspect.  

 In conducting this research, it is extremely notable that pop-up facility design is very 

advantageous in understanding how design of the built environment, especially in relation to 

quality lighting strategies, can positively impact patients’ lives and access to care. In the 

application portion of this research study, the author will develop design criteria to take into 

account the geographical location of a theoretical pop-up facility in the rural, high-immigrant 

population of Marfa, Texas. These criteria will focus on daylighting for sustainability, pop-up 

tent design, and available technology for temporary-use lighting fixtures. This project aims to 

generate a successful prototype for a comfortable and accessible pop-up clinic that considers 

mobility and solar geometry for various regions of the U.S. by designing a 3-D application 

model and developing a list of criteria for roll-out of pop-up facilities. 
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Intentional Design 
for the Health, Safety, and Welfare of end users 

• Community • Wellness • Impact •

Curiosity
I wanted to see how design could have an impact beyond aesthetics. While 
relatively unknown to individuals not involved in the industry, design has the 
potential to influence the human experience and the environment.

Personal Interest
As a doctor’s daughter, I have consistently valued the impact that quality 
healthcare can have on a person’s life. Through the lens of design, I wanted 
to use this project as an initial foray into potentially designing for healthcare 
projects in the future and giving back to this community.

WHY I AM STUDYING THIS
Why i am studying this



Healthcare Considerations
•the healthcare gap
•factors of access
•pop-up and mobile clinic design
•traditional versus modern hospital design

Design Fundamentals
•quality lighting design
•IES Illuminance Standards
•light and health correlation
•circadian rhythms
•daylighting strategies

Summary of Research
Summary of Research



Healthcare Considerations
Healthcare Considerations

What is the healthcare gap?
Health disparities are “differences in morbidity, mortality, and access to health 
care among population groups defined by factors such as socioeconomic 
status (SES), gender, residence, and especially race or ethnicity”*

Access to Care
Looking into factors affecting access to care in urban versus rural communities, 
it became apparent to me that discrimination and socio-economic factors 
preventing care are out of the parameters of design’s reach. However, access 
affected by physical proximity can certainly be addressed by mobile clinic 
design.

Mobile Clinics
Whether in bus, RV, or tent form, mobile clinics can be “a crucial entry point 
into the healthcare system overall”** and have the unique ability to maximize 
mobility, space efficiency, and patient-centered care.

Hospitality and Healthcare Design
Traditionally, hospital design has not been as welcoming in the past, trading 
patient comfort levels for a sterile and clinical feel. Hospitality design is interior 
design that focuses on commercial interiors related to service industries. 
Modern hospital design translates a hospitality atmosphere into the healthcare 
environment.

“The estimated impact of increased clinical quality is smaller than the impact of 
increased amenities”*** (i.e., interior environment matters to patient mental and 
physical states)

Traditional
Hospital Design

Modern
Hospital Design

Hotel Room Design

*Race. Ethnicity, and Health: A Public Health Reader edited by Thomas LaVeist and Lydia Isaac
** “Pop-Up Clinics: A Starting Point for Good Primary Care”
***”Hospitals as Hotels: The Role of Patient Amenities in Hospital Demand” by Dana Goldman and John A. Romley

Tarrant County
Vaxmobile

Magnum Mobile
Specialty Vehicles



Design Fundamentals
Design Fundamentals

What makes a quality lighting design?
•layers: general/ambient, accent, task
•illuminance; the level of light on a surface, measured in footcandles (fc) or lux 
(lx); Illuminating Engineering Society (IES) publishes recommended standards for 
light levels by room and task needs

Light and Health
•circadian rhythms: 24hr cycle affecting sleep/wake patterns; influenced heavily 
by environmental factors such as light (“quantity, spectral power distribution of 
the light source, timing and duration of exposure, spatial distribution, and light 
history”*)
•daylighting: the practice of designing buildings for natural light

Daylighting Strategies
•building orientation: North facing buildings receive more diffuse light compared 
to South facing (more glare)
•use of architectural materials such as screens, louvers, and scrims to control 
daylight entering a space

*”An Overview of the Effects of Light on Human Circadian Rhythms: Implications for New Light Sources and Lighting 
Systems Design” by Mariana G. Figueiro

Architectural Screen Louvers Scrim Fabric



With a lack in proximity to healthcare centers, rural communities face a physical 
barrier to accessing care. As a prototype for roll-out of mobile RV clinics across 
the nation, ReShape is an entry point into the healthcare system for populations 
that may not receive necessary general examinations. The typical end-user of 
this mobile facility would be someone who needs a routine check-up, blood 
drive donor, or vaccination recipient. Patients will likely live in a rural location 
where they are not able to recieve frequent care from a primary care physician 
(PCP). For this prototype clinic in Marfa, Texas, patients would likely fit the 
demographics of Marfa (predominately white patients, majority Hispanic origin). 

Project Background
Project Background

To test the ability for roll-out of the design, the city of Marfa in southwest Texas 
is a prime location for ReShape to be set, with its rural landscape and notable 
distance from medical centers. 

Prototype Location
Prototype Location



A daylit RV clinic with supplemental exam task lighting, ReShape reduces costs 
and evokes a sense of adaptability by adjusting for geographical location and 
orientation.

Design Narrative
Design Narrative

Inspiration
Inspiration



Project Scope
Project Scope

IES recommendations for general examinations, storage, and restrooms 
are crucial benchmarks for the design of ReShape’s daylight screen and 
supplemental electrical lighting. An initial floor plan hierarchy map with 
designated illuminance benchmarks guide the design process for ReShape.

Client Profile:

The typical end-user of this mobile facility would be someone who needs a 
routine check-up, blood drive donor, or vaccination recipient. Patients will likely 
live in a rural location where they are not able to recieve frequent care from a 
primary care physician (PCP). For this prototype clinic in Marfa, Texas, patients 
would likely fit the demographics of Marfa (predominately white patients, 
majority Hispanic origin).

IES Recommended Illuminance Standards:

Exam Room:
-General: 10fc at 3’-0” AFF
-Exam Table: 50fc at 3’-0” AFF
-Charting Station: 30fc at 3’-6” AFF
Storage: 20fc
Restroom: 5fc



Daylight Study
Daylight Study

To analyze the way daylight will impact the mobile clinic, referencing the sun 
angle at noon on the winter solstice, equinox, and summer solstice in Marfa will 
be representative of how daylight will behave in the space in North America.

In Marfa, the sky in December is clear 
about 60% of the time. On average, 
Marfa gets 10 hours of daylight in the 
month of December. With a lower sun 
angle, daylight enters the space more 
from the sides, meaning screens and 
glass treatments will be essential on 
the side walls here. Additionally, the light 
itself will be more diffuse in the winter.

In Marfa, the sky in March is clear 
about 65% of the time. On average, 
Marfa gets 12 hours of daylight in the 
month of March. At this sun angle, 
daylight enters the space more from 
the skylight, meaning screens and 
glass treatments will be essential 
on the ceiling here to mitigate glare.

In Marfa, the sky in June is clear 
about 75% of the time. On average, 
Marfa gets 14 hours of daylight in 
the month of June. With a higher 
sun angle, daylight enters the space 
more from the skylight, meaning 
screens and glass treatments will 
be essential on the ceiling here. 
Additionally, the light itself will be more 
harsh in the summer, meaning there 
is a higher need for glare mitigation..

Winter Solstice - December 21st
12:00PM
Sun at 35 degrees above horizon

Equinox - March/September 21st
12:00PM
Sun at 49 degrees above horizon

Summer Solstice - June 21st
12:00PM
Sun at 63 degrees above horizon
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Design Process
Design Process

To develop a quality design for ReShape’s daylight screens, 2D visual research 
on kinetic patterns informed the creation of several physical study models to be 
tested on a heliodon for performance under different daylight scenarios.
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Design Evolution
Design Evolution

Taking my research and my new knowledge from my exploratory study models, 
I decided that a layered ceiling system that more fully considers maintenance, 
shadows, and visual comfort would be a more beneficial design for end-users.

Updated Floor Plan

Screen Layers

Wood 
Beam

Scrim

Glass

Axon - Interior FF&E

Axon - Exterior
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Controls Flexibility
Controls Flexibility

Daylight Representation
Daylight Representation

6AM

6PM 8PM 10PM

12PM

8AM 10AM

2PM 4PM

Enscape renderings show an approximation of the daylight quality in the RV 
throughout the day when facing North in Marfa.

Separate controls for the direct fixture in the central corridor and each 
wallwasher allows electric lighting to be flexible in reacting to daylight conditions.
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TYPE C SURFACE MOUNTED BELOW UPPER CABINETRY
6" = 1'-0"3

SEE LT4.0 / 2

SEE LT4.0 / 3
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KEYPAD ELEVATIONS

LTG THESIS
5/2/22
VICKI LOZANO
ALYSSA STEWART

VICKI LOZANO
No. Description Date

FACING THE HEALTHCARE GAP:
LIGHTING DESIGN FOR A MOBILE CLINIC

K1: ENTRY (RV01, RV02, RV03)
NTS1K2: RESTROOM (RR01, RR02)

NTS2

K3: COUNTER (RV04)
NTS3K4: EXAM 1 (RV02, RV05, RV07)

NTS4K5: EXAM 2 (RV03, RV06, RV08)
NTS5

NTS
ReShape
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LIGHTING EQUIPMENT SCHEDULE
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No. Description Date

VICKI LOZANO
FACING THE HEALTHCARE GAP:
LIGHTING DESIGN FOR A MOBILE CLINICReShape
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DIMMING SCHEDULE

LTG THESIS
5/2/22
VICKI LOZANO
ALYSSA STEWART

No. Description Date

VICKI LOZANO
FACING THE HEALTHCARE GAP:
LIGHTING DESIGN FOR A MOBILE CLINICReShape



Energy Analysis
Energy Analysis

COMcheck Software Version 4.1.1.0

Interior Lighting Compliance Certificate

Project Title:
90.1 (2016) Standard

Project Type: New Construction

Construction Site: Owner/Agent: Designer/Contractor:

Project Information
Energy Code:

Allowed Interior Lighting Power
A

Area Category
B

Floor Area
(ft2)

C
Allowed

Watts / ft2

D
Allowed Watts

(B X C)

1-open space plan RV (Healthcare Facility:Exam/Treatment) 171 1.68 287
2-ADA restroom (Common Space Types:Restrooms) 42 0.85 36

323Total Allowed Watts =

Proposed Interior Lighting Power
E

(C X D)
D

Fixture
Watt.

A
Fixture ID : Description / Lamp / Wattage Per Lamp / Ballast

B
Lamps/
Fixture

C
# of

Fixtures

1-open space plan RV (Healthcare Facility:Exam/Treatment)
LED 1: A: Selux recessed linear: Other: 1 40 5 188
LED 3: B: OCL wall mount: Other: 1 2 12 24
LED 4: C: Acclaim tape light: Other: 1 8 4 30
LED 5: D: Waldmann wall mount: Other: 1 2 13 26

2-ADA restroom (Common Space Types:Restrooms)
LED 1: A: Selux recessed linear: Other: 1 8 6 49

317Total Proposed Watts =

Interior Lighting Compliance Statement
Compliance Statement:  The proposed interior lighting design represented in this document is consistent with the building plans,
specifications, and other calculations submitted with this permit application. The proposed interior lighting systems have been
designed to meet the 90.1 (2016) Standard requirements in COMcheck Version 4.1.1.0 and to comply with any applicable
mandatory requirements listed in the Inspection Checklist.

Name - Title Signature Date

Interior Lighting PASSES: Design 2% better than code

Project Title:
Data filename: C:\Users\vicki\OneDrive\Documents\COMcheck\Lozano_ReShape.cck

04/10/22Report date:
51 ofPage
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ReShape

A - Selux M36

B - OCL Dash

C - Acclaim Flex 120

D - Waldmann Visiano

2 NORTH ELEVATION
NTS 1 SOUTH ELEVATION

NTS

THANK YOU!




