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1. BACKGROUND

- What is Evidence-Based Design (EBD) and why do we care about it?

- What have others done on EBD (literature review)?

- What is Life Cycle Cost Analysis (LCCA) an why do we care about it?

- How does EBD relate to LCCA and what have others done on EBD with respect to LCCA?
- What deficiencies are in the state of the art of EBD with respect to LCCA?

- How will my contribution help fill this gap?

2. RESEARCH

a) Develop and test framework that will enhance certainty of EBD-LCCA cash flow forecasts

b) Analyze how to reduce first cost premium associated with EBD-LCCA: Target Costing
3. CONTRIBUTION & CONCLUSIONS

4. FUTURE RESEARCH OPPORTUNITIES

Overview
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What is Evidence-Based Design?
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Evidence-Based Design (EBD):

« parallels Evidence-Based Medicine

« conscientiously uses current best evidence to make design decisions for
unigue projects

» bases decisions on sound hypotheses related to measurable outcomes

* Is being used by the healthcare industry to convince decision-makers to
invest time and money to realize strategic business advantages.

(Hamilton 2006; Berry et al. 2004)

What is Evidence-Based Design?
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What is Evidence-Based Design?

Nightingale, F. (1860). Notes on Nursing: What It Is and What It Is Not. New York, D. Appleton and Company
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Roger Ulrich’s discovery:

Patients recovering after Cholecystectomy
between 1972-1981, in a Pennsylvania
hospital:

1) Those who saw trees through
windows spent less time in hospital
than those with views of a brick wall
(7.96 days vs. 8.70 days).

2) Those with view of trees took fewer
doses of moderate and strong
analgesics.

What is Evidence-Based Design?

Ulrich, R. (1984). “View through a window may influence recovery from surgery,” Science: 224, 420-421.
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Hospital construction is booming
(Carpenter 2004a; U.S. Census Bureau)

Construction costs are escalating
(Moon 2005; Morris 2007)

« Meanwhile, medical quality is a national concern
(Institute of Medicine 2000; Institute of Medicine 2001)

Medicare is phasing in a performance-based reimburs ~ ement system
(Elixhauser 2007; Leavitt 2006)

Hospital administrators are adopting EBD
(H&HN Research data from Carpenter 2004b)

« EBD advocates lobby that EBD be adopted into guidel  ines, which are often codified
into state law
(Blumgart 2007)

« However, EBD literature and research quality are un  certain
(Chambers 2006; Dijkstra et al. 2006; Ballard and Rybkowski 2007)

Why do we care about EBD?
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Construction value in place - Annual

50000

45000

40000

35000

30000

25000

20000

$ million (annual

15000

10000

Actual Value in Place ol
5000

= = |nflation Adjusted - 2007 Constant Dollars |—

O T T T T T T T e T

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Why do we care about EBD?

U.S. Census Bureau. (2007). http://www.census.gov/const/www/c30index.html
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1. Practitioners and researchers
develop hypotheses (hunches) by
noticing patterns of behavior occurring
) in different types of environments

7. Main text of AIA Guidelines
becomes enshrined in state laws : 2. small group of researchers run

Y controlled experiments
B to test hypotheses

6. strongly validated EBD 3. Other groups of researchers
concepts migrate to main text Q O assemble systematic literature reviews,
of AIA Guidelines

collecting information
on similar behavioral patterns

O 4. systematic literature review

recommendations are picked up for
discussion by advocacy groups as potential
candidates for EBD opportunities

5. Health Guidelines Revision Committee O
vets EBD suggestions from individuals and
advocacy groups to enter recommendation
of AIA Guidelines

Why do we care about EBD?

Ballard, G., and Rybkowski, Z. (2007). "The evidence-based design literature review and its potential implications for capital budgeting of healthcare facilities.” Health Research
and Education Trust, 1-35.
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Who has done what on EBD (literature review)?
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Who has done what on EBD (literature review)?

Ulrich, R. S., Zimring, C., Zhu, X., DuBose, J., Seo, H.-B., Choi, Y.-S., Quan, X., and Joseph, A. (2008). "A Review of the Literature on Evidence-Based
Healthcare Design," Healthcare Leadership: White Paper Series, 5, 75.
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Example of collective results from meta-analyses

X (search by desired outcome)
)

What has already been done wrt EBD?
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Example of collective results from meta-analyses|

(search by design intervention)

What has already been done wrt EBD?

[ a | b J
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Traditional Cash Flow Diagram

Premium for
design
intervention

Annual savings

* Net Present Value (NPV)
. . * Internal Rate of Return (IRR)
Ways to Evaluate Mutually Exclusive Alternatives ) )
« Benefit/Cost Analysis (B/C)

 Payback Period

What is Life Cycle Cost Analysis?
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Discounted payback period

payback period

Premium for
design
intervention

Annual savings

Discounted payback period=>the time it takes for th e cumulative discounted cash flows
to reach achieve a value of 0.

What is Life Cycle Cost Analysis?

[ a | b J
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Discounted payback period
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What is Life Cycle Cost Analysis?
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Discounted payback period
payback period

-“‘
Premium for
design
intervention
Annual savings
What is Life Cycle Cost Analysis?
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Breakdown of Hospital Expenses

T

Why is LCCA important?

Kirk, S. J., and Dell'lsola, A. J. (1995). Life Cycle Costing for Design Professionals, McGraw-Hill, Inc., New York.
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Why is LCCA important?

Evans, R., Haryott, R., Haste, N., and Jones, A. (1998). “The long term cost of owning and using buildings,” Royal Academy of Engineering, London.

Ive, G. (2006). "Re-examining the costs and value ratios of owning and occupying buildings." Building Research & Information 34(3). 230-245.
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EBD is being used to convince facility decision-
makers that initial capital costs result in long-
term cost savings (Berry et al. 2004)

=456/

e H Approximate cost = $12 million ‘
\ Approximate benefit = $11.5 million ‘

What have others done on LCCA with respect to EBD?

Berry, L. L., Parker, D., Russell C. Coile, J., Hamilton, D. K., O'Neill, D. D., and Sadler, B. L. (2004). "The Business Case for Better Buildings." Frontiers of
Health Services Management, 21(2), 3-24.

1. 4% [ ZRESEARCH |13 wo &w #

[ S— —— 4. o
@ I ) R ) * L
& ! ABBC,6 ! ABBB
a- . 0 * 7
A
@, 7 [,0¢0 - *
& ! ABBC
@6 - -+ o+ - 8 0
& ! ABBC
@ * + 9 *+
& ! ABBC
@ / +2 - - 7 oxx
& ! ABBC,6 ! ABBB
@ + s s ;~k / *
& ! ABBC
@ -0*- )
55 ABB, 6 8!
@ + / * < 0
3 ! "ABD,6 ! ABBB
@ - + * x 9 % /
6 8!
@, < *x + 4+ - *
6 8!
@ -0 . +/0 + +
6 ! ABBB
@ =
6 ! ABBB

What deficiencies are in the state of the art of EB D with respect to LCCA?
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There is concern about what the rigor or the evidence being presented by
the EBD community since there are so many confounding variables.
Therefore...

A. How can we develop a framework that would enable us to be
more certain that the forecasted cash flows are accurate?

BlilditoundationiollinGreasedliesearchliyol

b. Even if payback periods are reasonable, how can owners
overcome the hurdle of increased first cost?

ety et of dage cosdiag & leci

How will my contribution help fill this gap?
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Premium for
design
intervention
How will my contribution help fill this gap?
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1. BACKGROUND

- What is Evidence-Based Design (EBD) and why do we care about it?

- What have others done on EBD (literature review)?

- What is Life Cycle Cost Analysis (LCCA) an why do we care about it?

- How does EBD relate to LCCA and what have others done on EBD with respect to LCCA?
- What deficiencies are in the state of the art of EBD with respect to LCCA?

- How will my contribution help fill this gap?

2. RESEARCH

a) Develop and test framework that will enhance certainty of EBD-LCCA cash flow forecasts

b) Analyze how to reduce first cost premium associated with EBD-LCCA: target costing

3. CONTRIBUTION & CONCLUSIONS

4. FUTURE RESEARCH OPPORTUNITIES

Overview
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design

intervention

Develop framework to increase confidence in savings forecasts
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Pre-existing EBD tools

Develop framework to increase confidence in savings forecasts
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Pre-existing EBD tools

Assessmenfweak =1 ........ 5 = strong)
Developer Search- | Expand- | Inclusive of non-|  Visually Rate- Input- Benchmark;| Transition-
(and format) able able architecture - strong & able Outcome able to able to
of tool oriented solutions  clear correlations | national || LCCA/BCA
obvious indicators
Informe Design 5 4 1 1 5 3 1 1
(internet based)
http:/iwww.informed
esign.umn
Craig Zimring 5 5 1 1 5 3 1 4
(internet basep
Lyn Geboy (EBD 1 1 1 4 1 1 1 1
Wheel)
Jain Malkin 1 1 1 5 1 3 1 1
(book)
John Reiling 1 1 5 1 1 1 1 1
(checklist)
Zofia Rybkowski 5 5 5 5 5 5 5 5
(wiki)

Develop framework to increase confidence in savings forecasts
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Assessmenfweak =1 ........ 5 = strong)
Developer Search- | Expand- | Inclusive of non-|  Visually Rate- Input- Benchmark-| Transition-
(and format) able able architecture - strong & able Outcome able to able to
of tool oriented solutions  clear correlations | national | LCCA/BCA
obvious indicators
Informe Design 5 4 1 1 5 3 1 1
(internet based)
http:/Awww.informed
esign.umn
Craig Zimring 5 5 1 1 5 3 1 4
(internet basep
Lyn Geboy (EBD 1 1 1 4 1 1 1 1
Wheel)
Jain Malkin 1 1 1 5 1 3 1 1
(book)
John Reiling 1 1 5 1 1 1 1 1
(checklist)
Zofia Rybkowski 5 5 5 5 5 5 5 5
(wiki)
Develop framework to increase confidence in savings forecasts
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Scope of study

Direct and indirect
financial costs

Recognized
contingent costs

Broader range of
direct, indirect and
less quantifiable cost

External social costs
born by society

Develop framework to increase confidence in savings forecasts
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Traditional Review

Develop framework to increase confidence in savings forecasts
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Scored Reviews

Develop framework to increase confidence in savings forecasts
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Meta-analyses

Develop framework to increase confidence in savings forecasts
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Randomized Controlled Trials

O

Develop framework to increase confidence in savings forecasts

a | b ]

1. 4% { ZRESEARCH |13 wo &w # H 4, "%ttt (




Randomized Controlled Trials

O

O

Develop framework to increase confidence in savings forecasts
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Develop framework to increase confidence in savings forecasts
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Develop framework to increase confidence in savings forecasts

Walch et al. (2005). “The Effect of Sunlight on Postoperative Analgesic Medication Use: A Prospective Study of Patients Undergoing
Spinal.Surgery, . Psychosomatic. Medicine.67:156-163.
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payback period

Premium for
design
intervention

—
95% ClI

Develop framework to increase confidence in savings forecasts

a b

1. 4% % ”ESIE”*C” % 3. W% & W # H 4, "%ttt (




What is the quality of the evidence?

l Current state of EBD field Future Goal

U

higher lower
risk 4. ......... |. ................ |. ............... |. ........................................... .|. ......... } risk
Anecdotal Observations Traditional Reviews Scored Reviews Meta-Analyses
Develop framework to increase confidence in savings forecasts
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How is the tool structured (inputs, framework, mech anics, output)?
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Rate of recovery

............Q..

[n& [Weellng —

Develop framework to increase confidence in savings forecasts

Rubin, H. R., Owens, A. J., and Golden, G. (1998). "Status Report (1998): An Investigation to Determine Whether the Built Environment Affects Patient's
Medical Outcomes.” The Center for Health Design.
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Develop framework to increase confidence in savings forecasts
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Develop framework to increase confidence in savings forecasts
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MRSA: Methicillin-resistant ~ Staphylococcus aureus

Develop framework to increase confidence in savings forecasts

credit: Ontario Mail (http://www.daysaheadnews.com/health/MRSA.html)
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TEST CASE: Nosocomial Infection: Methicillin-Resist ~ ant Staphylococcus Aureus (MRSA)

+ 2 million infection cases per year
« Japan & US have worst records among developed countries
* MRSA increased 32X from 1976-2003

« Five times as many people die from MRSA than from HIV

Develop framework to increase confidence in savings forecasts

a | b ]
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Develop framework to increase confidence in savings forecasts
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Lean: Root Cause Analysis

Level of Problem

WHY?

WHY?

WHY?

WHY?

WHY?

Develop framework to increase confidence in savings forecasts

Adapted from p. 253, Liker, J. K. (2004). The Toyota Way, McGraw-Hill, New York.

a | b ]
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Numbers of interventions is key

Develop framework to increase confidence in savings forecasts
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Level of Problem

WHY?

WHY?

WHY?

WHY?

WHY?

Develop framework to increase confidence in savings forecasts

McCaughey, B. (2008). "Unnecessary Deaths: The Human and Financial Costs of Hospital Infections.” Committee to Reduce Infection Deaths.

a | b ]
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Level of Problem

Corresponding

Result if take action

Level of at this point
Countermeasure
Patient has MRSA Treat MRSA with Short-term solution
antibiotics

Because they were touched by
contaminated hands

Staff, visitors wash
hands between
patients

Because the hands touched

contaminated patients/surfaces

Wash contaminated
patients/surfaces

<=60%

Because infected patients are kept in
same rooms as uninfected patien

Isolate infected

patients

Huang, S. S., Yokoe, D. S., Hinrichsen, V. L., Spurchise, L. S., Datta, R., Miroshnik, 1., and Platt,
R. (2006). “Impact of Routine Intensive Care Unit Surveillance Cultures and Resultant Barrier
Precautions on Hospital-Wide Methicillin-Resistant Staphylococcus aureus Bacteremia.” Clinical

Infectious Diseases, 43.

g

Long-term solution\/

Develop framework to increase confidence in savings forecasts

McCaughey, B. (2008). "Unnecessary Deaths: The Human and Financial Costs of Hospital Infections.” Committee to Reduce Infection Deaths.
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Develop framework to increase confidence in savings forecasts
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payback

period

0.40
0.60
0.99

($12,197)(.40)
($12,197)(.60)
($12,197)(.99)

Savings/patient

$ 4,880
$ 7,320
$12,075

Develop framework to increase confidence in savings forecasts
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C = Cohorting of patients
Develop framework to increase confidence in savings forecasts
| Rubinovitch, B, and Pittet, D. (2001). "Screening for methicillin-resistant Staphylococcus aureus in the endemic hospital: what have we Tearned?
Journal of Hospital Infection, 47, 9-11.
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Leaks in the system: why multidisciplinary problem solvin g is critical!

Develop framework to increase confidence in savings forecasts

Afif, W., Huor, P., Brassard, P., and Loo, V. G. (2002). "Compliance with methicillin-resistant Staphylococcus aureus precautions in a
teaching.hospital.” American.Journal.of Infection. Contral,.30(7),.430-433
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@)\ payback period JPRY

[ a I b

Premium for
design
intervention
Annual savings
Overcome the hurdle of EBD first cost: Target Costi ng
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payback period w/ TC aust
““
“"‘ .
.
payback period “,-"'
7
Premium for
design
intervention
Annual savings
Overcome the hurdle of EBD first cost: Target Costi ng
1. "#% % 2RESFAREN % 3. % & # # H 4. "%t (
& & ! /
Margin ...."". :
Target
Margin
Proposed
Price
Target
Cost Price
CostPlus:P=C+M Target Costing: TC=TP - TM

What is Target Value Design?

Rybkowski, Z. K. (2009). The Financial Implications and Application of Evidence-Based Design, PhD dissertation, UC Berkeley, Berkeley, CA (in process)

1.
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Cost

Design Generation

Overcoming the hurdle of EBD first cost: Target Cos  ting

Clifton, M. B., Bird, H. M. B., Albano, R. E., and Townsend, W. P. (2004). Target Costing: Market-Driven Product Design, Marcel Dekker, Inc., New York.

Rybkowski, Z. K. (2009). The Financial Implications and Application of Evidence-Based Design, PhD on, UC Berkeley, Berkeley, CA (in process)
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Overcome the hurdle of EBD first cost: Target Costi ng
Clifton, M. B., Bird, H. M. B., Albano, R. E., and Townsend, W. P. (2004). Target Costing: Market-Driven Product Design, Marcel Dekker, Inc., New York.
Rybkowski, Z. K. (2009). The Financial Implications and Application of Evidence-Based Design, PhD on, UC Berkeley, Berkeley, CA (in process)
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Overcome the hurdle of EBD first cost: Target Costi ng

MSA. (2004). "MacLeamy Curve." <http://www.msa-ipd.com/MacleamyCurve.pdf> (July 30, 2008).

Rybkowski, Z. K. (2009).. The Financial and Al of Based Design, PhD UC Berkeley, Berkeley, CA (in process),
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Overcome the hurdle of EBD first cost: Target Costi ng

Ballard, G., and Rybkowski, Z. K. (2009a). "Overcoming the hurdle of first cost: A case study in Target Value Design."” In: 2009 Construction Research Congress, Seattle, WA.
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w=waste

Overcome the hurdle of EBD first cost: Target Costi ng

Rybkowski, Z. K. (2009). The Financial Implications and Application of Evidence-Based Design, PhD dissertation, UC Berkeley, Berkeley, CA (in process)
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[ a [ b ]

Medical Office Building
3 storey
69,251 SF

Benchmark: $22 M
Target Cost: $18.9 M (approx. 14% below benchmark)
Actual Cost: $17.9 M (approx. 19% below benchmark)

5TP

Overcome the hurdle of EBD first cost: Target Costi ng

Ballard, G., and Rybkowski, Z. K. (2009a). "Overcoming the hurdle of first cost: A case study in Target Value Design."” In: 2009 Construction Research Congress, Seattle, WA.
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[ a I b




Medical Center
550 Beds
850,000 SF

Benchmark: $970 M
Target Cost: $880 M (approx. 9% below benchmark)

Overcome the hurdle of EBD first cost: Target Costi ng

Ballard, G., and Rybkowski, Z. K. (2009a). "Overcoming the hurdle of first cost: A case study in Target Value Design."” In: 2009 Construction Research Congress, Seattle, WA.
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METHODOLOGY USED DURING TARGET COSTING

« Validated the target price with the client

« Regularly designed to detailed estimate

« Used integrated delivery both in Big Room and in small clusters
 Budgets flowed across disciplinary boundaries

» Used set-based design

« Used small batches and pull system when designing

« Incorporated learning in the process (plan-do-check-act; plus-delta)

» Used the Last Planner System of planning

Overcome the hurdle of EBD first cost: Target Costi ng

Rybkowski, Z. K. (2009). The Financial Implications and Application of Evidence-Based Design, PhD dissertation, UC Berkeley, Berkeley, CA (in process)
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Airplane Game
Simulation model to test lean principles
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Overcome the hurdle of EBD first cost: Target Costi

[

Rybkowski, Wong, Ballard and Tommelein (2008). “Using Controlled Experiments to Calibrate Computer Models: The Airplane Game as a Lean Simulation
Exercise.”.16th.Annual.C ofthe ional.Group.for. Lean.Construction, (2008).\ UK,.July.16-18,.10.pp
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Calibrate model

Overcome the hurdle of EBD first cost: Target Costi ng

Rybkowski, Wong, Ballard and Tommelein (2008). “Using Controlled Experiments to Calibrate Computer Models: The Airplane Game as a Lean Simulation
ional.Group.for. Lean.Construction, (2008).\
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Future Research Opportunities

Rybkowski, Z. K. (2006). "Development of a Roadmap  for Target Pricing of Medical Office Buildings in th e AEC Industry (Qualifier Proposal).”
University of California, Berkeley, 41.
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1. BACKGROUND

- What is Evidence-Based Design (EBD) and why do we care about it?

- What have others done on EBD (literature review)?

- What is Life Cycle Cost Analysis (LCCA) an why do we care about it?

- How does EBD relate to LCCA and what have others done on EBD with respect to LCCA?
- What deficiencies are in the state of the art of EBD with respect to LCCA?

- How will my contribution help fill this gap?

2. RESEARCH

a) Develop and test framework that will enhance certainty of EBD-LCCA cash flow forecasts

b) Analyze how to reduce first cost premium associated with EBD-LCCA: target costing

3. CONTRIBUTION & CONCLUSIONS

4. FUTURE RESEARCH OPPORTUNITIES

Overview
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Premium for
design
intervention
a. Development of framework for increasing confidence in EBD-LCCA forecasts
b. Analysis of a methodology to reduce the hurdle of increased EBD-LCCA first cost
Contributions
1 I"H$ [ 2 RESEARCH \

\ P T 5 ] 3. H#% & W #

1) Although commendable in its intentions, the Evidence-Based Design movement
fails to place EBD literature in a root cause analysis framework, making it
difficult to truly assess the financial impact of alternatives. It is critical to create
a more holistic picture of the processes taking place—and to engage all parties
as is recommended by Lean principles—in order to maximize the
appropriateness and accuracy of the advice offered by consultants.

2) The hurdle of increased first cost from EBD implementation appears to be
reduced through the use of target costing. Furthermore, lean construction
methodologies may be quantified by using computer simulation as a partial

proxy for randomized controlled trials to help forecast savings incurred, making
implementation of EBD more feasible.

Conclusions
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- What is Evidence-Based Design (EBD) and why do we care about it?

- What have others done on EBD (literature review)?

- What is Life Cycle Cost Analysis (LCCA) an why do we care about it?

- How does EBD relate to LCCA and what have others done on EBD with respect to LCCA?
- What deficiencies are in the state of the art of EBD with respect to LCCA?

- How will my contribution help fill this gap?

2. RESEARCH

a) Develop and test framework that will enhance certainty of EBD-LCCA cash flow forecasts

b) Analyze how to reduce first cost premium associated with EBD-LCCA: Target Costing

3. CONTRIBUTION & CONCLUSIONS

4. FUTURE RESEARCH OPPORTUNITIES

Overview
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Action research collaboration with Industry to furt her test Lean Construction, Target Costing
- Construction Industry Institute (Cll), Project Production Systems Laboratory (P2SL)

Further quantify lean with computer simulation: i.e . Extend, FlexSim, Simul8

payback period

---------- Physiological quantification of EBD impacts:

ie.

-------- -Cortisol levels, Heart Rate and Blood Pressure monitoring

-Implicit Association Test

Future Research Opportunities
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Autonomic Nervous System

How does stress impact the body’s immune system?

Science behind EBD
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Cell-mediated immunity
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How does stress impact the body’s immune system?

P2SL Sponsors
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