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THE PROBLEM

“As the healthcare industry’s environmental footprint negatively affects the environment,
these environmental impacts may in turn affect human health, and human health issues
further increase the need for healthcare services.”
-Roberts and Guenther (2006)

THE NEED

Need for standard metrics and tools for measuring the affects of
sustainable healthcare design strategies on patient, staff and
environmental outcomes
Need for benchmarking and comparison for continuous improvement
This project: Grant from USGBC (2008-2010) to
develop An open source searchable database to
assess the impact of environmental strategies on
outcomes in healthcare facilities

PROJECT FOCUS

Identify COMMON METRICS
Healthcare Specific - Performance & Outcomes)

Create a STANDARD PROTOCOL
For Data Collection

BENCHMARK
Design Strategy Effectiveness

+

=

PROJECT OBJECTIVES

Objectives
1 Develop
Framework

2

Define Metrics

3 Develop
Protocols

4 Promote
Evaluation

Multiple Methods Used
Deep Dive Activity
Selection Criteria Identification
Advisory Council
Focus Area Identification
Literature review
Literature Review
Industry Scan of Standard Metrics
Advisory Council/ Focus Groups
Advisory Council/ Focus groups
Tool Exploration/ Development
Database Development
Field Data Collection
Interface Development
Field Data Collection
Web Interface Development
Data Analysis

FRAMEWORK

1
To develop a robust framework for understanding the relationship
between environmental design strategies that potentially promotes
patient, worker and environmental safety in hospitals with actual
outcomes in these areas

STUDY FRAMEWORKS

Conceptual frameworks were developed for each of the 8 topic areas to
understand the relationships between groups of variables
•

Design strategies, environmental quality, patient outcomes, worker outcomes, and
environmental safety outcomes.

Building Envelope (Façade)
Patient outcomes
Design strategies
Sunny ward room
Daylighting
Window view
Natural ventilation
Solar radiation
control/Shading
High quality glazing
Photovoltaics

Environmental
qualities
Thermal comfort
Visual comfort
Indoor air quality

Other variables
to consider

Environmental
outcomes

Outdoor conditions

Economic Impact

Design Strategies

Patient outcomes

Environmental
qualities – acoustic
quality

Worker safety
Occupant comfort
Occupant health/Sick building
syndrome
Productivity
Absenteeism
Employee turnover

Energy consumption
Energy generation

Conservation of Resources

Acoustic Environment

Occupant comfort
Patient recovery
Occupant health/Sick building
syndrome

Design strategies
Ceiling tiles (sound-absorbing)
Noise barriers (single room,
patient room separation)
Equipment (e.g. incubator)
Noise reduction measures
(Closing doors and curtains,
acoustical foam, earmuffs, noisesensor light alarm, sound
masking)
Audio distraction (music)

Noise
Reverberation time
Speech intelligibility
Perceived sound level
Magnetic flux density

Environmental
outcomes

Satisfaction
Sleep (quality, disruption)
Physiological responses (blood
pressure, heart rate, oxygen
saturation)
Psychosocial (stress,
annoyance )
Pain
Confidentiality/privacy

Building materials
Landscape design
Stormwater & waste
management systems
Ventilation system
Plumbing fixture design
Daylighting design

Satisfaction
Community perception

Building mass
Day-lighting/solar exposure
Indoor temperature control
Occupant density
Ventilation
Layout of floor plan

Qualities
Occupant
Thermal Comfort
Satisfaction

Economic Impact
Life-cycle costs
Energy savings

Patient outcomes

Environmental
qualities

Productivity
Staff retention & attraction

Worker safety
Psychosocial (stress,
annoyance )
Satisfaction
Burnout

Design strategies
Economic Impact
Waste disposal costs
Operating costs

Energy consumption
Eco footprint
Noise pollution

Patient Safety
Global health impact

Exposure to Latex, chemicals,
and other physical hazardous
Building characteristics
(material, construction year,
water leakage, etc.)
HVAC system
Infection control measures

Nosocomial infection
Health symptoms
Behavior

Pathogen or chemical
concentration/contamination

Worker safety

Environmental
outcomes

Work related injuries
Sick building syndrome
symptoms
Medical follow-up

Hospital waste
Energy consumption
Production of toxins during
disposal

Visual Environment (Indoor)

Thermal Comfort
Design Strategies

Conservation of resourcesenergy, water
Waste-stream impact
Landfill % allocations

Workplace
Outcomes

Life-cycle costs
Energy savings

Other
variables to
consider
Air quality
Climate zone

Hazardous Materials

Environmental
Outcomes
Qualities

Design strategies
Patient Safety
Intensity of symptoms
Behavioral
adjustments

Workplace
Outcomes
Productivity
Staff performance
Environmental
Outcomes
Reduction of Global warming
Conservation of resourcesenergy

Daylighting
Efficient electric lighting
system
Full spectrum lighting
Window view
Glare
Visual distractions
Artifacts

Environmental
qualities – visual
quality
Visual comfort

Worker safety
Occupant health and
well-being
Productivity
Absenteeism
Employee turnover

Other variables
to consider
Outdoor conditions

Economic Impact
Life-cycle costs
Energy savings

Air Quality
Patient outcomes

Patient outcomes
Patient recovery
Occupant health and
well-being

Environmental
outcomes
Energy consumption

Environmental
qualities – air
quality
Design strategies
HVAC
Building characteristics (type,
material, dampness, etc)
Equipment
Air humidification/temperature
Construction work
Outdoor environment
Contamination reduction
measures
Energy efficiency measures
Occupancy density
Green building

Particulate concentration
Bioaerosol or chemical
concentration/contamination
Perceived air quality

Environmental
safety
Energy consumption
Eco footprint
Pollution

Airborne infection
Health effects (Sick building
syndrome symptoms,
asthma, etc)
Clinical outcomes (morbidity,
mortality)
Satisfaction
Cost

Worker
outcomes
Health effects
Clinical outcomes
Productivity

Overall Climate Response
Design Strategies
Building Location & Orientation
Building form, mass
Building materials, type of
construction
Building infrastructure
Building & pavement surfaces
Day-lighting
Climate zone
Ventilation
Shading

Qualities
Occupant Thermal
Comfort
Satisfaction
Community perception

Patient Safety
# of illnesses
Intensity of symptoms
Behavioral adjustments

Workplace Outcomes
Productivity
Staff performance
Operational efficiency

Other variables to
consider
Outdoor air quality
Type of Health
procedures

Economic Impact
Land-use performance
Investment rise in (positive)
health regions
Life-cycle costs
Energy savings

Environmental Outcomes
Reduction of Global warming
Heat island effect/smog
events
Conservation of resourcesenergy, fossil fuels

METRICS

2
To identify and clearly define standard existing metrics that should be
tracked across multiple healthcare organizations to understand the
relationship between environmental design strategies and outcomes.

LITERATURE ANALYSIS
•

Information on measurement tools and metrics of sustainable design
extracted from a subset of the 300+ articles, publications and case studies.
•
•
•
•
•
•
•
•
•
•
•

•

reference information
research type
building type
focus area
variable names
variable types (independent, dependent, or confounding)
metrics (how to measure variables)
measurement tools
relationships found between variables
other findings
descriptions about research subjects

Result
•
•

36 design variables
30 outcome variables

FINAL DESIGN & OUTCOME CATEGORIES
Design Categories
1.
2.
3.
4.
5.
6.

Daylighting
Ventilation, thermal comfort and indoor air quality
Building envelope
Auditory environment
Fixture selection
Interior materials selection

Outcome Categories
1.
2.
3.
4.
5.
6.

Conservation of limited resources
Healthcare associated infections
Productivity
Staff outcomes
Economic impact
Patient perception of service

PROTOCOLS

3
To develop standard protocols for collecting data on environmental
design strategies and outcomes from healthcare organizations.

DATA TO BE COLLECTED VIA ONLINE QUESTIONNAIRES

1. Environmental
design strategies
incorporated in
healthcare facilities
2. Perceptions of
environmental
qualities
3. Healthcare
outcomes

TOOL DEVELOPMENT

INTERFACE WITH FACILITIES TO COLLECT DATA

Timeline: January to June 2010
Who: 30 healthcare facilities and their project’s architecture firms invited:
• Facilities that recently completed a major renovation or new
construction project and were occupied for at least six months
• Both inpatient and outpatient facilities included

How: Administrators at each organization contacted through phone and email
What: Results of the data collection would appear on the RIPPLE database

EVALUATION

4
To promote evaluation and comparison of performance outcomes
between different healthcare organizations.

ANALYSIS PLAN

Analysis:
• Evaluate commonly adopted design strategies found within the
study sites
• Benchmark patient, staff and environmental outcomes
• Develop a plan for categorical analyses to examine the links
between certain design variables and outcome variables
Result:
• Analysis framework sets the foundations for comparing the
relationship between design strategies and outcomes in different
areas
• Benchmarking of outcomes data possible

WEB INTERFACE
•

Develop the information
architecture needed to support
desired comparative scenarios

•

Develop detailed userinterface wireframes

•

Two tracks for accessing
information:
•
•

LEARN
COMPARE

PROJECT OBJECTIVES
FINDINGS:
FACILITY GENERAL INFORMATION
•

Data collection was completed in five occupied facilities during the Spring
and Summer of 2010
Facility

Project Type

Size

Urban
Context

Acuity
Level

Facility One

New Addition

645
bed

Suburban

Acute Care
41%

Facility Two

New Facility

94 bed Suburban

Acute Care

Facility Three

New Patient
Tower,
Diagnostic/
Treatment,
Renovation

563
bed

Acute Care

New Patient
Tower

381
bed

Urban

New Addition
and
Renovation

N/A

Suburban

Facility Four

Facility Five

Occupant
Satisfaction Survey
Response Rate

Suburban

38%

34%

Acute Care
Medical
Surgical

48%

Outpatient
16%

DUBLIN METHODIST HOSPITAL

Facility size: 94-bed general acute
care community hospital located in
suburban Dublin, OH.
Completed/Occupied: January 2008
Design Strategies
•
•
•

•

Accessible roof gardens
Nature photograph
Carpets and sound-absorbing
ceiling tiles in nursing units, family
space in patient rooms
Large operable windows, natural
light accessible to majority of
spaces

DUBLIN METHODIST HOSPITAL

Outcome Summary
•
•
•

92% of staff satisfied with the
overall building performance
83% of patients satisfied with
healthcare service
Environmental aspects that
were perceived positively
include: thermal comfort and
building envelope

CROSS FACILITY COMPARISON, DAYLIGHTING EXAMPLE
120%
Outcome
Measurement

F1

F2

% of respondents that felt that the building
was energy efficient
89%
61%
100%
%
of respondents satisfied that felt that
natural light enhances their ability to get their
job done
86%
76%
%80%
of respondents satisfied with the visual
comfort of natural daylight
86%
76%
% of respondents satisfied with amount of
60%
natural
daylight in building
90%
71%
% of respondents satisfied with amount of
natural daylight in nursing stations, offices or
40% supplemental areas
other
71%
55%
% of respondents satisfied with amount of
natural daylight in patient rooms
64%
83%
20%
Average
Voluntary Nurse Turnover Rate
5%
10.79%
Pain management (% of patients who
reported their pain was "Always" well
Not
0%
controlled)
applicable
67%
% of respondents satisfied with % of respondents satisfied with % of Not
respondents satisfied with
Average
Inpatient LOS
the visual comfort of natural amount of natural daylight in amount of natural daylight in
daylight

FTE/adjusted occupied bed

building

applicable
4.63
patient rooms
Not
applicable
7.47

F3

F4

F5

74%

82%

71%

89%

83%

84%

89%

89%

84%

97%

94%

83%Series2

Series1
Series3
Series4

86%

76%

59%Series5

92%

100%

93%

5%

3%

5.77%

71%

67%

Not reported

Pain management (% of
patients
2.89 who reported
4.26 their
pain was "Always" well
controlled)

Not reported

1.64

3.32
2.97

RELATIONSHIPS YET TO BE EXPLORED

The potential for research and education is clear
•
•
•

Large scale data collection made possible
Initial trends of links between design and outcomes observed
Database as design decision support tool in the future

Future analysis
•
•
•

Continuous benchmarking
Categorical analyses of satisfaction and outcomes data with presence or absence
of various design strategies
Explore links between design and outcomes – those identified in literature & new
and critical links

LESSONS LEARNED
•
•
•
•
•
•
.

Lack of response from some sites
Qualification to participate
Performance & outcomes data more challenging to collect
Aggregated facility data vs. individual building data
Information from multiple personnel
Data format

NEXT STEPS

•

Pebble Projects invited to
contribute to RIPPLE

•

Facilities currently providing
data invited to submit their data
annually

•

Launch and maintain RIPPLE,
add additional facilities to the
database.

•

Future development of ‘patient
safety’ and ‘worker safety and
effectiveness’

•

Identify strategies at the
intersection of the three
safeties

