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Preface

Like a cue ball that collides with an unexpectages two sharply contrasting incidents
spun into my life nearly a decade ago, and tappedights about this dissertation

research into motion.

The first incident happened in 1999. Newly marrietiad just returned to Hong Kong
following a friend’s recovery from a stroke. Mydrid’'s healthcare story was especially
interesting to me because, although he was gratefive survived his medical crisis, he
had a difficult time overcoming memories of his ¢irat the hospital. He complained
about overstuffed patient rooms and, even worsspitad corridors filled with patients in
cots. Sharp noises and buzzing fluorescent ligtitcbntinuously on overnight kept him
from sleeping. Amazingly—at least according to hiwre nearby patient pulled off his
oxygen mask to draw from a cigarette; staff membegsned to be no where in sight. His
story was especially intriguing to me because | haén trained in and practiced
architecture and felt strongly about the potentifathe built environment to shape our

psyche, for better or for worse.

Ironically, only a few months after my friend’s expence, | too found myself in a Hong
Kong hospital one Saturday afternoon. That morniriggd joined a university field trip
to explore one of Hong Kong’s more remote resesvdiocusing intensely through a
camera lens, | had absent-mindedly stepped backavatdell off a reservoir wall. | later

learned the vertical distance of the fall was @ikyfeet and thankfully interrupted by an
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intermediate ledge, but the impact combined witraakward landing position gave me
six broken ribs and a collapsed lung. An ambulanshed me to Tseung Kwan O
Hospital—about 40 minutes from the site and theedb healthcare facility at the time. |
still recall mentally preparing myself for a diffitt recovery period, even as | was falling.
But my hospital story turned out to be nothing likat of my friend’s. To be sure, | was
in enormous pain and barely able to breathe withomg remaining lung. Gasping for
oxygen and wincing from having a tube inserted imip side to drain blood from my
collapsed and hemorrhaging lung, | felt frightereaad lonely. However, one nurse
sensing | could not sleep came to my bedside tdicang the night and calmed me with
her reassurances. During the three weeks | speowveeng in the hospital, | was treated
to a steady supply of visitors who lent me rivetbapks and tuneful music; these helped
distract me from my pain. Thanks to a televisionunted high in the room, | became
engrossed in world events portrayed by morning nbveadcasts from the US and
evening BBC documentaries. Most of all, | rememiiaking every morning, grateful for
a window that framed a verdant, sun-streaked Hoaggkhillside; this view offered a

great source of refreshment and comfort for me.

After a three-week inpatient stay, | was discharged thanked the doctors and staff for
the graciousness of their care. One remarked, “Yeexovered more quickly than
expected. Thank your husband and friends. We'veeroled that patients with regular
visitors recover faster.” This comment was espBcistriking because it alluded to
something medical personnel have noticed for ye#hatpsychological well-being and

health are intimately connected. Even while recongrl had in fact, been cognizant of
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the emotional support that came during my husbadfi@ends’ visits. | was also aware
that books, music and television documentaries wererting my attention away from

considerable pain, that the nurse who stood besidbed at night allaying my fears was
reducing my stress, and that the view of the sumlis brought me a sense of inner

serenity and spiritual well-being.

To be sure, some of these effects could have beeergted in the older, chaotic hospital
that the friend | had mentioned earlier in thig'gtioad described. But these events would
have had to happeim spite of the built surroundings, and not because of thEor.
example, although friends could still have visite@& in a crowded patient room, an
overly compressed environment can be discouragivgsitors who fear their voices may
disturb other patients or who find they have difftg finding a place to comfortably sit
while there. By the same token, nurses stationefiden their charges may be less likely
to notice and calm a patient in distress. Similantyms devoid of positive distractions—
such as a television set, audio system or readatgmal—miss an opportunity to divert a
patient’s attention away from her boredom and paind, a cramped, enclosed space
devoid of natural sunlight or view can be profoyndiépressing and stress-inducing for a
patient. Ironically, at a time when healing of baglyd mind is so critical to a patient’s

successful recovery, such types of healthcaretiasilare anything but restorative.

The hospital in which my unfortunate friend hadoneered had been founded in 1937 and
substantially expanded in 1955 and 1983. By contthe healthcare facility | had

occupied had opened just 30-days prior to my drriiat autumn day. During the
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intervening years that separated the constructfothaese two facilities, architects had

become enlightened about the environmental needeatthcare patients.

Educated as a biologist at Stanford and later awBy | had at first been skeptical that a
topic as seemingly taste-driven and subjectiveeathatics could be founded on objective
biological principles. It was not until a post-a&ie graduation trip to two very different
cities in Poland—Krakow and then Warsaw—that | obse changes in my own state of
mind. Heavily destroyed during World War Il andelasubjected to Soviet occupation,
Poland’s capital city of Warsaw had been rebuilthe heavy, drab, functionalistic style
ubiquitous to Communist and Socialist countriestlodt era. By contrast, Krakow's
medieval town center had been spared similar badniemt during the war and despite
years of acid rain from Poland’s coal-driven ecogpthe city’s cloth hall, cobblestone
square, surrounding town homes and double-spirechhstill stood resplendent. An
express train running between Warsaw and Krakowtaposed the two urban
environments sharply in my mind that summer, drécally altering my sense of well-
being. What types of physiological changes weréntalplace within me to make me
respond so strongly? Surely | was not the onlywhe experienced the difference? Was
this what drove individuals to erect great worksaofhitecture? | began to wonder how
we, as a species, had been evolutionally seleaedespond differently to varied

environmental contexts.
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Role of Evidence-Based Design in Engineering Projec  t Management

If this were to be a doctorate in biology or in @sglogy | might focus on testing for
stress in subjects by measuring and comparing ammadircortisol—a well-known stress
hormone—released in the saliva of experimental esuibjwhile they occupy different
types of spaces. | might also conduct an Implicéiséciation Test to detect inherent
biases subjects hold about contrasting environrheotatexts, but that they might not
openly admit. Or | might peer into the brain’s ma@agical inner-workings using
Magnetic Resonance Imaging while research subgetexposed to images of disparate

spaces.

However, this doctorate is not in biology, but ivetapplied field of Engineering and
Project Management in the Department of Civil andvibnmental Engineering.

Establishing the physiological impact of the enmirteent may belong to the realm of
science, but establishing the financial impactemfornmended applications falls squarely

within the domain of project management research.

This dissertation looks to the rapidly growing diedf Evidence-Based Design (EBD)—
an analysis methodology that seeks to rely on tbst mredible evidence available when
making design decisions (2003). This research agtes experimental results obtained
by clinicians and psychologists and uses thesdtsetsuestablish a framework that will

enhance accuracy when forecasting the life cyctirmg impact of design interventions

on healthcare facilities. The dissertation alsongras opportunities to make EBD
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interventions more affordable, by investigating way reduce first cost through Target

Costing and lean construction processes.

Built environments influence those of all staged atations in life, including those who
work in commercial office environments. Although BB:ould be applied to office

buildings, for example, | have chosen to specificidcus on the financial implication

and application of EBD on healthcare facilities dese these institutions offer ideal
research opportunities. For example, hospital pttigespecially those who are immuno-
compromised) are physiologically more vulnerablael dess adaptable than healthy
individuals and therefore more easily influencedebyironmental stimuli. Furthermore,
healthcare associations continually collect datapatient wellbeing—as measured by
indicators such as error-rates or length-of-sta@Q). Finally, my advisors at UC

Berkeley, Dr. Glenn Ballard and Dr. Iris Tommeleenjoy established and ongoing
relationships with healthcare providers who areseag understand the financial impact

of the design decisions they make, and thus cowaldighe access to research sites.

Research process

To begin research for this dissertation, | seardbetiterature that explored the influence
of the built environment on human physiology. Ithme apparent that some of the most

active work is being generated under the ever-eipgrEBD umbrella.

The Center for Health Design (CHD) sits at the epier of the development of the EBD

analysis methodology in the US. My advisors andaidpa visit to this non-profit
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organization in Concord, CA for the first time i0056. The CHD started by organizing
annual events called Healthcare Design conferenaesevent that now attracts over
3,000 national and international participants.témied my first international Healthcare
Design Conference that same year in Chicago, absesuently presented workshops at
the 2007 and 2008 conferences in Dallas and WatsimigC, respectively. In 2007, the
American Institute of Architects Academy of Arclitere for Health (AAH) and
Coalition for Health Environments Research (CHE®hgd forces with the Center for
Health Design, holding their previously separatenumh conferences concurrently.
Through the conferences, | met EBD pioneers, mdmhmm now also serve on the
Center for Health Design board, including Rogeridblr Craig Zimring, D. Kirk
Hamilton, Blair Sadler, and Derek Parker, and cam&now the energetic staff who
generate the publications of the Center for HeBdsign, such as President and CEO,

Debra Levin, as well as researchers Anjali JosephGarolyn Quist.

The EBD analysis methodology is clearly growing influence as specific design
interventions are promoted by the Center and its-profit services are requested by
owners. However, although | am convinced of thedrtgnce of EBD interventions
through my own personal observations, | am nevkstisecognizant that academic
research must assume an unbiased stance. Acadesaarch is expected to culminate in

peer-reviewed articles scrutinized in light of theh it professes to reveal.

EBD is a branch of applied research that involvath lacademic researchers and industry

stakeholders who may be tempted to varnish resiltpost-occupancy reviews, for
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example. The challenge is that it may be asking afl an architect or owner to publicly
admit that an expensive new hospital atrium mayadist spring more from ego than
legitimate evidence and may therefore represeninaecessary expense. For this reason,
academics sometimes view with suspicion resultainbt from research partnership

with industry, however beneficial and useful tregegarch may be.

Also, industry representatives can either be rahidio share certain types of information
(especially financial) or do so in such a way ttie information is too vague to be
informative. | therefore especially appreciate lggsons in facilitation | learned from my
advisors Professors Glenn Ballard and Iris Tommaetdkeiring Project Production Systems
Laboratory (P2SL) workshops. They demonstrateithatpossible to work hand in hand
with industry representatives to develop solutitmmany of the major challenges facing

the building industry today.

The non-confrontational, collaborative problem-gadvstrategies implemented by P2SL

appear to be ideal for dealing with financial ceafies. The financial issues surrounding
EBD are critical, because we are now living atraetiwhen demands to expand and
rehabilitate healthcare facilities are collidinglwilwindling resources and cost escalation.
It is therefore worthwhile to equip engineers amdhdects with the financial tools

necessary to help clients make informed decisions.
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Structure of the dissertation

This dissertation research addresses the finanoalications and application of

evidence-based design to healthcare facility chplganing. This is done by developing
a research-based framework to (a) help increasadberacy of long-term cost saving
predictions resulting from EBD interventions, af) kelp clients overcome the burden

of increased first cost sometimes associated w&b.E

These two concepts, as related to EBD, bind togette entire dissertation. In my
experience, payback period is used frequently endbnstruction industry. There are at
least two ways to represent payback period: (1)pknpayback, and (2) discounted
payback. Both of these concepts are relatively easyderstand with the assistance of a

cumulative cash flow diagram.

Engineering economy specialists express cash fadarsy a time line, such that upward
pointing arrows represent revenue; downward-pagnémows represent expense. Unlike
a traditional cash flow diagram, however, whereaatbws originate from the x-axis (at
y=0), the cumulative cash flow diagram uses th&ig-tb maintain a running balance. In
a typical diagram, the investment expense, or fiost, takes place at time 0. Revenue
flows after that point usually represent incremefitencial savings generated as a result
of that investment. When simple payback is represknall revenue flows appear
identical because there is no discounting. In iagrdm inFigure 1, the payback period

is approximately 3.5 years.
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payback period 1

t Time (years)

Balance ($)

.
.
.
0
.
a

First cost Annual savings over many years

Figure 1. Cumulative Cash Flow Diagram representingimple payback

Simple payback periods are easy to understand @ndlate. However most scholars of
engineering economy are reluctant to use simpldauay period calculations because
such calculations ignore time value of money (distmg) and do not consider cash

flows beyond the point of payback.

To address both of these concerns, | have optadd@ cumulative discounted cash flow
diagram as my graphic representation of choicethla format, every cash flow is

discounted to its present value as follows:
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PV=F(1+)"
where PV=present value
F = future value
i = opportunity cost of capital
n = number of discount periods from time 0
In the case of a traditional investment where dmalrexpense is offset by a stable long-
term revenue stream, the slope of the line (devieptremains positive. However,
because of discounting, the rate-of-the-rate-ofigka(second order derivative) usually
diminishes over time. The payback period is thepat which the cumulative cash flows
cross the x-axis; note that this cross-over isrldtan with a simple payback diagram

because discounting (at a rate > 0) reduces theeprevorth of long-term flows, as

shown inFigure 2.
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First cost Annual savings over many years

Figure 2. Cumulative Discounted Cash Flow Diagramepresenting Payback Period

One advantage of using a cumulative payback pemstead of other measures such as
Net Present Value (NPV) or Internal Rate of RetlRR) is that, unlike NPV or IRR,
payback period calculations can be sketched omdlc& of a cocktail napkin during the

natural flow of a casual conversation and are gasyderstand and explain.

The two research questions associated with thgedetion are bound by the cumulative
cash flow diagram. For clarity, and because | witt be addressing the concept of
discounting, per se, | will illustrate the concepigh a simplified conceptual diagram.

The two elements of this EBD research are: (a) atotiannual savings due to EBD
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interventions and (b) amount of first cost, as deul inFigure 3. From the perspective

of the investor, the former should be maximized t@edlatter should be minimized, since
either and both of these actions reduce the paypadkd. It is important to remember
that flows after the payback period are equally angnt and need to be considered,

because they can lead to long-term financial s@vwmdoss.

payback period

These two concepts with respect to EBD implemeamtatithat of the amount of long-

term cash flow savings and reduction of first coate-explored more fully as follows:

In Chapter 1, the current state of healthcare constructiorhan WS is discussed. This
chapter introduces the EBD movement and sets #ye €tind motivation for the research

that is presented in the chapters that follow.
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Parameters and Methodology used during this relsene presented iGhapter 2. In
this chapter, | introduce the two primary resegrajects in which | was engaged at UC
Berkeley, define the scope and boundaries for thgearch and make explicit the
research methodology used. The chapter also pugs wbrk into the context of

methodologies for scientific inquiry.

In Chapter 3, key players driving EBD research and historiesldmarks are presented.
This chapter offers both a broad-brush and detailedview of EBD through a literature

review.

The aim ofChapter 4 is to develop a framework that can be used by é&utEBD
researchers to enhance the accuracy of—and theretmrfidence in—EBD financial

forecasts.

This chapter provides the requisite backgroundLite Cycle Cost Analysis (LCCA),
because one of the attractions of EBD is its aghittoffer long-term (life cycle) financial

benefits.

This chapter also discusses available evidenceassesses the adequacy of the financial
claims being made about EBD. It then proposestatital methodology used in clinical
research—the cumulative meta-analysis—as a polesttiategy to enhance decision-

making confidence and more accurately predict &ash flows. This work links the
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Root Cause Analysis tool used in lean constructioEBD decision-making to ensure

that a range of appropriate solutions are consitleeéore making a decision.

By synthesizing and analyzing the techniques usemhe Target Costing and one Target
Value Design case study;hapter 5 tackles the topic of overcoming the hurdle of
increased first cost sometimes associated with BBilncuments some of the procedures
used during action research projects conductedaasgb P2SL, and presents initial
results. This chapter examines some of the logiunidelean thinking and captures

methodologies used by the case study project teams.

The final research component of this dissertati@mapter 6, summarizes results of the
dissertation research, identifies original conttidms made, discusses possible limitations
of the research, and suggests future research topgas in this growing and exciting

field.

Please note: There is currently disagreement abitnt spelling of “healthcare.”
Although | have elected to use the single-wordioarg this dissertation, | have also
preserved the original two-word spelling in casdeere it appears in the titles of articles

and agencies
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Abstract

The Application of Root Cause Analysis and Targali¢é Design
to Evidence-Based Design
in the Capital Planning of Healthcare Facilities
by
Zofia Kristina Rybkowski
Doctor of Philosophy in Engineering—Civil and Erorimental Engineering
University of California, Berkeley

Professor Iris D. Tommelein, Chair

The US is currently engaged in a large-scale mgldboom to upgrade and expand
healthcare facilities. Facility decision-makers ahesn unbiased information source in

order to improve quality and maximize value for ragn

Concurrent with this surge in hospital constructienthe growing application of

Evidence-Based Design (EBD) to healthcare facilégign.

The objective of this dissertation research isdsis capital-budgeting decision-makers

in two ways: (1) to increase accuracy—and theretmefidence—in financial savings
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predicted after implementation of EBD interventidnsdeveloping a framework for an
Evidence-Based decision-making tool based on Roatis€ Analysis, and (2) to
investigate how an owner can overcome the hurdlenakased first cost sometimes
associated with the application of EBD, by desagband analyzing processes used

during case study projects that implemented TaCgsting and Target Value Design.

Results from this study suggest that (1) while atRbause Analysis decision-making
framework for EBD is possible, accuracy will be anbed with more rigorously
controlled experimentation, and (2) the challengeincreased capital cost sometimes
associated with EBD can be addressed using TargéieVDesign—a methodology

which appears to reduce capital cost predictionsbio 20%.
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Chapter 1

This chapter discusses the current state of
healthcare construction in the US, as well as
challenges the country is facing with respect to
providing quality care. The chapter also
introduces Evidence-Based Design as a partial
response to these challenges and argues there
is a need for unbiased research on the topic.



“When you can measure what you are speaking aland, express it in numbers, you
know something about it; but when you cannot meaguwhen you cannot express it in
numbers, your knowledge is of a meager and unaatdgly kind. It may be the beginning
of knowledge, but you have scarcely, in your thtsigidvanced to the stage of science.”

—Lord Kelvin, 1883

1.0 Introduction

The purpose of this research is to develop a canakframework to assist those wishing
to apply EBD considerations to Life Cycle Cost Arséd (LCCA) or Benefit Cost

Analysis (BCA) during the capital budgeting phaseealthcare facility planning.

This chapter sets the stage for examining the @i@anmplications and application of
Evidence-Based Design (EBD) in the capital plannifdhealthcare facility design. It
begins by critically examining the state of theltiezare facility design industry, existing
literature reviews on EBD, as well as sources ohary research. It examines how these

sources may be used to enhance the predictabilityancial benefits.

At the time of this writing, a need to constructmnkealthcare facilities in the US on a
large scale is converging with a striving by aretis and designers to improve the
quality of healthcare facility design using EBD (idh et al. 2004). Although improving

quality is generally a positive thing, EBD may alse hijacked and misused by those

who see it as a marketing opportunity, potentiatigleading those who must pay for the
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additional cost its implementation may require. rEfiere the science behind EBD claims

needs to be better developed and clarified.

1.1 Current state of healthcare construction in the us

1.1.1 Healthcare facility building boom

Healthcare facility construction is projected tarimse. Carpenter and Hoppszallern
(2006) enthusiastically proclaimed the start of thew millennium to be “the most
significant expansion and replacement of US holspistnce the post-World War I
building spree” and project the trend to last astehrough the end of the decdB&ure

4). Although, at the time of this writing, the US is lemiled in an economic recession,

the need remains for new and renovated facilities.

According to a survey by HFM/H&HN/ASHE, the needbising driven by a number of
factors, including the need to: repair and replageng facilities (68%), increase
operational efficiency and patient flow, especiafliven new forms of technologies
(62%), respond to increased competition in the etptice (51%), meet the needs of a
specific population (48%), and increase marketeskdr%) (Carpenter and Hoppszallern
2006). The aging and retirement of baby boometkenJsS is also fueling an urgency to

construct new facilities (Babwin 2002; Carpented4£4%).

Additionally, hospitals must be updated to be cstesit with new guidelines and
regulations; the Health Guidelines Revision Comeeitf{HGRC) updates guidelines

every 5 years (Nelson et al. 2005). For examplerge proportion of construction is
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taking place in California, where seismic retrafitf of facilities is required, especially

thanks to code revisions following major earthqatgabwin 2002; Moon 2005).

Health Care
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Figure 4. Volume of recent hospital construction irthe US.
Data from U.S. Census Bureau (2007). Adapted froonrigl (2007).

1.1.2 Challenges to quality care

Coincident with this boom is an urgent drive to noe the quality of care provided in
the US. According to two Institute of Medicine refsoreleased within this decadgg

Err is Human(2000) andCrossing the Quality Chas(2001), the US healthcare system
faces serious challenges. The reports reveal giateen 44,000-98,000 Americans die

each year due to preventable medical errors. Tregs@ts raise concerns about patient

safety.
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Proponents of the EBD analysis methodology sugtpegtimproving the design of the
healthcare environment is one way to reduce tharosece of such errors and to enhance
the overall quality of care (Ulrich et al. 2004ntdrest in EBD will likely increase even
further because Medicare transitioned toward a spoEad “pay-for-performance”
reimbursement system, as of October 2008 (CMS Hkaspgray-for-Performance

Workgroup et al. 2007; Leavitt 2006).

1.2 Evidence-Based Design as partial response to he althcare
challenges

1.2.1 Current state of the evidence in Evidence-Bas ed Design

According to D. Kirk Hamilton (2006), Evidence-BaseDesign (EBD) is “the
conscientious and judicious use of current bestenge, and its critical interpretation, to
make significant design decisions for each unigugept. These design decisions should
be based on sound hypotheses related to measwatdlemes.” Examples of health
benefits associated with EBD decisions includeefastcovery rates thanks to views of
foliage and sunlight, reduced patient falls thattkeubberized flooring, reduced hospital-
acquired infections thanks to single patient rooreduced drug costs thanks to patient
stress reduction from quieter rooms, reduced ngraimover thanks to a less stressful
work environment, increased market share, and asexd philanthropy thanks to a more

patient-oriented design space.
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The promise of potential financial benefits appd¢arbe making inroads with owners, as
suggested by a survey administered byHbspitals & Health NetworkThe organization
randomly sampled 5000 hospital and healthcare ysbeecutives. Returns from 173
completed surveys suggest that 37% of hospitals6&3d of healthcare systems were
already using EBD to make design decisions in seorag at the time the survey was
administered (Carpenter 2004{igure 5). The appeal is that restorative spaces can

potentially enhance patient recovery rates andefber offer strategic business

advantages.
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Figure 5. Percentage of healthcare systems using BBor construction projects.
Data from H&HN Research, 2004, as reported in Gagg2004b).

EBD is a developing field. Although an increasingmber of hospital decision-makers

are implementing its recommendations, the litemtimat supports EBD is of mixed
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reliability and ranges from observational data hattobtained from more rigorous
randomized controlled trials. In the preparatioroné report prepared for the Agency for
Healthcare Research and Quality, researchers sehr8B8 articles on EBD and

classified them into categories of rigor as showhigure 6 (Nelson et al. 2005).
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Figure 6. Distribution of article types in EBD literature review report.
Adapted from Nelson et al. (2005).

The large percentage of observational data-basidear(64%) Nelson et al. (2005)
discovered versus those representing randomizettotied trials (8%) (RCT are the
research “gold standard”) helps to explain the mwarsial nature of EBD proponent
claims. Although sources of peer-reviewed datastiiegrowing and improving, their

guantity and quality do vary.
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Figure 7 illustrates three types of literature reviews comnto medical literature,
ranging from a perception of more risky to les&yjsaccording to the medical research
community. Traditional reviews tend to be more dagle in nature; they are based on
the judgment of the reviewer. A meta-analysis ghhi quantitative; individual judgment
is suppressed in favor of blind reviews and analyliuch literature on EBD still falls
toward the left of the review arrow; it is just @gng to become subjected to systematic
review processes. A report by Ballard and Rybkow®€D7) for the Health Research and
Education Trust suggests that, in order to validlageclaims being made, EBD analysis
methodology needs to shift its focus to the mordespread preparation of systematic
reviews and ultimately, the most rigorous formgefiew, the meta-analysis. More will

be said about levels of evidenceSaction 4.2.1.2

Current Future
State State

Qualitative Quantitative
More risky O @) ©) Less risky

Traditional Systematic Meta-
Review Review Analysis

Figure 7. Range of potential literature review catgories

While EBD reviews should aim for meta-analyses,miwst rigorous form currently
prepared is the systematic review.

Adapted from Ballard and Rybkowski (2007)

Page 8



Articles published in industry trade magazineswadl as the intuitive appeal of EBD
claims, help attract thousands of facility ownems a@esign professionals to annual EBD
healthcare design conferences (e.g., the HealtH2asggn series, administered by the
Center for Health Design and the Vendome Groupyelbeless, because the field offers
enticing marketing opportunities for architects anterior designers (Bilchik 2002;
Sandrick 2003), some facility decision-makers aomcerned that claims by EBD
advocates may be exaggerated or distorted to behefiproponents (Chambers 2006;

Dijkstra et al. 2006; Mazurek 2007; Stankos andnzech 2007).

To address these concerns, academic researcheegtemgpting to offer an unbiased
assessment of the claims. As with other bodies edioal knowledge, most academic
reviews of EBD-related literature represent litthere thanad hoccollected citations of
experimentation in fields related to EBD (DevlindaArneill 2003). This method of
approaching reviews of literature has been chadldr(@ickersin and Min 1993; Oxman
and Guyatt 1993) because of poor consistency betw&pert ratings resulting from a
number of factors, including lack of blinding oftaarship and publication bias (Oxman
and Guyatt 1993). The need to consolidate an udwiekpansion of data, as well as to
better assess the reliability of health impactneki requires a more systematic and
rigorous approach. This has led to the adoptiora @ystematic review methodology
(Antman et al. 1992; Buendia-Rodriguez and Sang&hkamil 2006; Chalmers 1993;
Counsell 1997; Meade and Richardson 1997; Mullesh Ramirez 2006; Mulrow et al.

1997).
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In fact, systematic reviews are increasingly beamgnpiled by those who advocate
Evidence-Based Medicine (EBM), an analysis methaglplwhich regards randomized
controlled trials (RCTas its gold standard (Sandercock 1993). In somges&BD runs
both parallel to and intersects with EBNfigure 8). Both EBM and EBDregard
evidence as supreme when making decisions. Simoe &BD decisions, such as stress-
reducing music or sunlight, can arguably lessedigplace the administration of some
forms of medication, EBD has much in common withMEBHowever, EBD logic can be
applied to business as well as medical decisiamd tlaerefore needs to be considered a
subject in its own right. Some of EBD recommendaiaan easily intersect with
physiological research common to medicine (i.e¢ @& healing vis-a-vis exposure to
sunlight), whereas some are less tangible and diiffreult to measure (i.e., amount of

philanthropic gift-giving vis-a-vis presence of fdyrseating areas).

Figure 8. Intersection of EBD and EBM
Adapted from Ballard and Rybkowski (2007)

1 A randomized controlled trial (RCT3 a clinical study with two major characteristicendomization and
the presence of a control group (Leandro, G. (2008¢ta-analysis in Medical Research: The Handbook
for the Understanding and Practice of Meta-Analydéackwell Publishing.)
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Collaborative not-for-profit organizations have egesl to produce systematic reviews
within EBM. For example, the Cochrane Collaboratiatatistically combines
homogeneous RCT results from researchers aroundvdinkel (Institute of Medicine
2001). However, randomized controlled trials in EBIated topics are generally more
difficult to develop than in EBM areas, perhapsaase so many confounding variables
in an environment need to be controlled. Prepanatiorandomized controlled trials is
predicated on the ability to hold constant all ahles between experimental and control
groups but one—a trick that is not as simply dorith venvironmental cues as with

testing the effects of a pill versus a placebo.

Although preparation of meta-analyses may stilfdyeoff, a form of systematic review
has started to emerge within Evidence-Based DesigrbifiRet al. 1998; Ulrich et al.
2004). These reviews represent an early step tothardoveted gold standard of reviews,
the meta-analysis. Migration toward meta-analysesclearly desirable in order to
qguantify the outcomes resulting from EBD; howevée tnumber of randomized-
controlled trials related to EBD concerns doessuffice yet to be able to conduct meta-
analyses. | have advocated, with Dr. Glenn Balltrd,need to progress toward this goal
in a separate report for the Health Research anddidn Trust (HRET)The Evidence-
Based Design Literature Review and its Potentigdlications for Capital Budgeting of

Healthcare FacilitiegBallard and Rybkowski 2007).
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1.2.2 Additional need for unbiased research

The desire to improve design in a way that benpfittents has advocates. In the case of
EBD, supporters are primarily organized around onganizations: the Center for Health
Design and Planetree. The latter, Planetree, fecasesimilar issues as the former, but
describes its mission as advocating “patient-cedteare” through healing environments

(Nelson et al. 2005).

A volunteer advocacy group of the Center for Hedltbsign—the Environmental
Standards Council—lobbies the Health Guidelinesigtaws Committee of the American
Institute of Architects to include EBD recommendas in AIA standards, many of
which will eventually be adopted by states and ycdhre force of law (Ballard and
Rybkowski 2007). Intuitively, both groups’ missioappear well-intentioned. However,
because their voices are increasing in strengthiaftuence, EBD recommendations

should also be founded on a strong tradition of-peeiewed evidence.
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Chapter .

This chapter presents the goals and significar
of this research, its scope and boundarie
guestions addressed, methodology us:
situation of this research within the circle c
scientific inquiry, and compliance Institutiona
Review Board requirements



2.0 Parameters and Methodology

2.1 Goals and significance of this research

In summary, the US is engaged in a large-scalethiozak facility construction boom.

Error rates are high and quality of care has bessladed low in two condemnatory
Institute of Medicine (2000, 2001) reports leadingspital decision-makers to seek
solutions to improve the quality of their servicBecision-makers are grasping for the

types of outcomes that EBD advocates appear toipeom

Although evidence to support EBD claims is mountiigs not yet organized in a way
that is helpful to capital budgeting decision-makekX number of research centers, both
academic and non-profit organizations funded byustiy—as well as researchers in
evidence-based design case study projects—aretigatasg the reliability of EBD
claims, by ranking articles within systematic lgrmre reviews. As yet, to my knowledge,
no one has published research on the intersectimelen EBD and the capital budgeting

process.

Therefore one goal of this research is to lay aflation upon which capital budgeting
decision makers can evaluate EBD design claims avitkasonable level of confidence.
A second goal of this research is to make EBD watetions affordable by reducing the
additional first cost sometimes associated with EBBis latter goal is relevant, because

even if life cycle cost analysis reveals favoraloleg term savings associated with an
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EBD intervention, those who wish to realize theeméntion must still be able to

overcome the hurdle of first cost.

The means | used to achieve these goals werelaw$ol

1) Develop an overall framework for an EBD tothlat can be used to enhance
confidence in future EBD-LCCA decision-making.

2) Describe and analyze primary procedures used dufiagget Costing (TC) and
Target Value Design (TVD) exercises of two casdysfuojects Sutter Fairfield
and Cathedral Hill Hospital, as defined in ChagerSynthesize and analyze
initial results obtained from these exercises, tbifisring an initial roadmap for
those who wish to introduce EBD interventions ittteir facilities but who may
have difficulty overcoming the hurdle of increasagtremental capital cost

sometimes associated with the interventions.

2.2 Scope and boundaries of this research

Although EBD interventions can be applied to maypes of businesses and institutions,
this research focuses on healthcare facilities.ddugsion to limit this study to healthcare
facilities institutions is primarily practical; tee facilities continually collect performance
data whether or not they are experimenting with EBfaking it easier to identify

potential patterns of influence.

The research has focused on the innermost core léadthcare facility’s financial

concerns. For example, an administrator's decisioaffer certain types of care, to the
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exclusion of others, likely impacts society at Ergonstructing the medical facility may
also displace certain individuals in a neighborhoodnpact their livelihood. Such wider
concerns can be addressed using full cost accguatisocial Impact Assessment (SIA)
methodologiesKigure 9) (Becker 2001). However valid larger societal aans may be,

they are challenging to quantify and extend beythiedscope this dissertation research.

j ) ) Direct & Indirect Financial Costs

Recognized contingent costs

Broader range of direct, indirect, contingent
and less quantifiable costs
External costs borne by society

1
|
|
Life-cycle cost accounting |
|

Total cost accounting

Full cost accounting

Figure 9. Scope and boundaries of dissertation resech
Adapted from Boussabaine and Kirkham (2004) ane @oH Sterner (2000).
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2.3 Questions addressed

The question central to this thesis research is:

How might healthcare facility decision-makers inmorate Evidence-
Based Design decisions in their capital budgetinggcpss—with a
reasonable level of confidence—so that (1) thegqated cash flow savings
are relatively accurate, and (2) those who choasentplement EBD

interventions can overcome the hurdle of sometinersase first cost?

Adequately responding to this question has requéengoloring a number of corollary

guestions, such as:

About Evidence-Based Design:

How might it be possible to quantify savings affdoy EBD interventions?

How can EBD be placed within the larger contextpotential healthcare
solutions?

When medical challenges are subjected to Root CAnséysis, how might
the literature support—or undermine—proposed sahst?

How advanced is current EBD research when screfemedor?

Which of the potential alternatives would most irtipa facility’s design and

therefore be considered an EBD intervention?
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About TVD:
How does TVD intersect with lean principles?
How reproducible are the results obtained from Té&3e studies?
What types of incentives will make TVD attractivettam members?
How satisfied are team members with the TVD proasspared to other

delivery processes currently being used?

2.4 Methodology for this research

Part |: Building an EBD Framework

The steps taken to develop an EBD decision-makangéwork were as follows:

1) After conducting an initial literature review oniBgnce-Based Design, | engaged
in exploratory interviews with a number of praditers to understand the needs

and controversies within the EBD field.

Privacy restrictions imposed by UC Berkeley's Ingtonal Review Board
prohibit revealing the specific identities of tmalividuals involved. However, the

interviewed individuals can be classified into specategories, as follows:
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2)

3)

4)

O A&E Ac CB A

# of organizations 6 8 6 3 6
# of individuals 12 17 8 4 13
O Owners

A&E Architects & Engineers
Ac Academics specializing in EBD and infection control
CB Capital budgeting consultants for healthcare
A Advocacy group members

More individuals than organizations were intervievibcause, in some instances,
several individuals within the same organizationumteered to share their
expertise. | recorded these interviews on tape ribaece accuracy of my
understanding.

| investigated what would be required to embed ERdision-making into Root
Cause Analysis—a methodology recommended by the Gmmmission, as will
be explained irsection 4.4.1.1

| proposed a framework for such a tool.

| tested part of the tool's framework, using preiv@m of the spread of hospital-
acquired Methicillin-resistanBtaphylococcus aure®RSA) as an example of
how such a tool might be used. Testing the toolM&SA prevention required
undertaking an in-depth literature review on thpidoand then screening the
resulting articles for level of rigor, according toethodologies described in
Section 4.2.1.1Databases searched included:

SpringerLink

Web of Science

PubMed
Google Scholar
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Table lidentifies the keywords | used in my databaseckear

Table 1. Keywords used to search databases

Keyword(s) and and

evidence-based design
hospital acquired infection

isolation cost
Methicillin-resistantStaphylococcus aureus
MRSA
clean$
clean$ cost
cohort

contaminat$

hand hygiene prevent$

hand wash$

hand wash$ compliance

hospital cost

isolate$

isolate$ systematic review

staff

staff compliance

surveillance

visitor$ compliance
nosocomial

cause$

hand wash$

infection$

infection$ prevent$

isolation cost
patient room

design
systematic review

surveillance

5) | assessed what might be necessary to populateastadi on a larger scale with
the results of literature review searches. | did thy estimating what might be
required to populate the tool in terms of:

- Approximate number of labor hours needed

- Expertise of workforce required
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- Reliability of results obtained

Part II: Documenting TVD

The steps | took to describe and analyze TVD maetlogies used on two case study

projects were as follows:

1) 1 developed an initial understanding of Lean Cargton and TVD principles by
undertaking in-depth literature reviews

2) | observed first hand, synthesized and analyzegelaCosting, TVD and Last
Planner exercises as applied to two case studies:

a) Sutter Fairfield: a small (69,000 SF) Medical OdfiBuilding project, and
b) Cathedral Hill Hospital: a large (912,000 SF) heedire facility project

3) In collaboration with research partner John-Mich&ébng, | confirmed that
benefits obtained from lean methodologies can laatfied by using a computer-
based simulation and then validated the results avitve playing of the game.

4) From observations of the processes, | analyzedlegamed procedures and key
results obtained from both TVD case study proje@siter Fairfield and
Cathedral Hill Hospital, in order to assess thesfmkty of reducing the increased
incremental capital cost sometimes associated withlementation of EBD

interventions.
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The observation process at Sutter Fairfield invibhagtending biweekly and then
weekly Target Costing meetings for nearly six (atitconsecutive) months at the
project office in Fairfield, CA, starting in JanyaR006. The meetings involved
discussions between team members about projegrdasd cost-reduction strategies
and included exercises in reverse phase scheduliagget Costing and the Last
Planner System (defined in Sections 9.1.5.2, mah®9.1.5.2, respectively). My role
was primarily observational and analytical, altholiglso hosted a workshop to elicit
feedback about the Target Costing process. | dpedl@a fuller understanding of the
Target Costing methodology, and its pros and ctmsugh interviews with team

members participating in the process.

The research process at Cathedral Hill Hospital \ikeswise observational. It
involved attending TVD and cluster group meetinggerviewing and recording
responses from key members of the design teamciefipecost estimator Paul
Klemish, and photo recording parts of the TVD eoniment and process relevant to
this study. The financial values and processesritestat the end of Chapter 5 in this

dissertation have been validated by cost estimBeu| Klemish.

2.5 Position of dissertation research within the ci rcle of science

This study implements several types of researchhodetogies. It is therefore worth

presenting a brief overview of how this work sitsthm the larger methodological

spectrum of scientific research.
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Hypothesis/Theory

Quantitative;
Controlled experimentation

Build Hypothesis
Qualitative
Action Research
Test Hypothesis

Data

Figure 10. Circle of Science
Adapted from Gil (2009).

Scientists tend to recognize the hallmarks of trawial scientific experimentation: the
presence of a control group and blinding of redearand subjects. However, this type of
experimentation needs to be viewed within the odnté the entire circle of science
(Figure 10. On one hand, hypotheses and theories are o#@rargted from intuitive
hunches; the process is generally observationsdtioe andjualitativein nature. On the
other hand, hypothesis testing demands a seriggarbus systematic steps which may
engage statistical analysis. Hypothesis testimggrerallyquantitativein nature—at least

in the realm of medical research.
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In medical researchrandomized controlled trialdhhave come to represent the gold
standard of scientific research. This experimentathodology uses testgroup and a
control group from which the experimental procedure hanhgithheld but to which a
“look-alike” placebo is administered, members ofthogroups have been randomly
assigned, and subjects and researchers are blaglénl the affiliation of the group to
ensure freedom from conscious or subconscious Wigpothesis testing within a
statistical framework has evolved to imply a sewéspecific actions taken to test an
Alternative Hypothesis (k) against a Null Hypothesis (H—determining whether or not
the Null Hypothesis can be rejected to an acceptiabkl of statistical significance. If;H
is true, there iso0 difference between the experimental group andctrerol. If Hy is
true, the experimental and the control groups dferdiA statistically significant result
states that there is greater than a 90 or 95 (9d=6r p<=0.05) percent probability that
the observed difference between the experimenthkantrol group isiot due to chance
and therefore klican be rejected. To yield accurate results, hygsightesting within a
statistical framework should ideally be done usiagdomized controlled trials with a

sample size, N, of greater than 30.

The reality of most construction project experinseistthat they represent a sample size
of N=1, seldom have a control group and are plagoyedconfounding variables—
meaning that if there is a control, more than oaeable often differs between the
experimental and control group. Most constructioojgrts are complex and variable in
their outcome, in part because the combinationlaygrs is generally unique to each

individual project. Therefore, from an experimenfsrspective, they do not easily
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qualify for statistical hypothesis testing. Resbars have responded to this challenge by
analyzing patterns of problems plaguing the indusais well as successes, through
statistical analysis of surveys. Although this noglblogy is helpful to identify ways of
working that might more likely lead to successfubjpct outcomes, it does little to
generate new ways of working as yet untrigédtion Researcimethodology responds to
this challenge (Greenwood et al. 1993; Westbrod5).9Unlike data gathering of pre-
existing conditions, action researchers create cenditions using the Plan-Do-Check-
Act (PDCA) cycle of improvement, as will be discedsin the Appendix. While
hypothesis testing may be viewed as a form of dmsgg Action Research may be
viewed as a form of creation, invention or “tinkegi—one where new hypotheses are
generated. It is somewhat akin to a patient withra tropical ailment whose treatment
defies all known cures. At a loss for known solnsipthe patient’'s physician administers
medication by trial and error, until relief is falinAnother physician then discovers a
patient with similar conditions. Hearing of the sess of the first patient, she may then
offer the same medications that cured the firsepat-resulting in a repeat success. The
study of each situation constitutes a case studyravN=1. Over time, patterns of repeat
results from similar case studies generate huneligén a research community. Once
these hunches are strengthened, they may crystatiie hypotheses that can then be
tested using controlled experimentation, but a kiygsis must first be built before it can
be tested (Schmenner and Swink 1998). Action rekdaels the circle of science. Case
study analysis bridges the gap between late qtiaétaand early quantitative work

(Eisenhardt 1989; Yin 2003).
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The research methodology on Evidence-Based DesigchwinformsChapter 4 strives
to move the field of EBD from hypothesis-generatiomypothesis-testing by prioritizing
evidence that has been pre-screened for its ldvegjar. The research methodology on
TVD which informs Chapter 5, by contrast, is primarily descriptive in natunedais
intended to offer support to the evolving theoryTafrget Costing in construction. At
some point in the future, the methods implemented\iD might be quantified through
controlled laboratory experimentation. However, thgpense of conducting controlled

experiments in construction needs to be justifie@dund hypothesis-generation.

In other words, | believe the research methodoldyices for each of the two areas of

study are appropriate for where the field of EvickeiBased Design finds itself now.

2.6 Institutional Review Board approval

Human subject research for this dissertation wasramed by the Office for the

Protection of Human Subjects at UC Berkeley, ur@eHS Protocol #2007-7-58.
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Chapter 3

This chapter reviews the development of
Evidence-Based Design through an in-depth
literature review, notes how EBD is being adopted
into legal standards, and discusses the
multidisciplinary nature of the field.



3.0 Context and literature review
3.1 Development of EBD
3.1.1 Precursors to EBD

EBD is gaining momentum in the US, but the obsémmathat human behavior is
influenced by physical surroundings is not new. &ample, the practice of Feng-Shui
(literally “wind-water”), which prescribes the plment of urban fabric, architectural and
interior design elements to ensure health and pragpdates back to the Zhou Dynasty
1122-256 BC. Major Chinese cities, such as Beijivaye been and often continue to be
designed to conform to conventions dictated by F®&hgi. Although sometimes
considered an alternative form of wisdom by memioénsestern societies, Feng-Shui’s
principles are becoming increasingly popular in th&, Britain and Australia.
Practitioners argue that a space designed accomipgnciples of Feng Shui enhances a

occupant’s sense of well-being (Jeffreys 2000; ldiat Ng 2005; Xu 1998).

In the West, nursing pioneer, Florence Nightingadeserved that individuals in a

recovery ward exhibit a subconscious need for light

“It is a curious thing to observe how almost allipats lie with their faces
turned to the light, exactly as plants always mtdedr way towards the
light; a patient will even complain that it givegrhpain “lying on that
side.” “Then whydo you lie on that side?” [I ask]. He does not knowtbu
we do. It is because it is the side towards thedain A fashionable
physician has recently published in a governmepontethat he always
turns his patient’s faces from the light. Yes, bature is stronger than
fashionable physicians...Walk through the wards bbspital, remember
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the bed sides of private patients you have seehcaant how many sick
you ever saw lying with their faces towards thelyval

(Nightingale 1860)

In the US, the science of environmental psychologg first formalized as a field in
1947 when researchers Roger Barker and HerberthiVeistablished the Midwest Field
Station in Oskaloosa, Kansas, population 800. Baakd Wright observed the behavior
of town residents in natural everyday settings,hsas a pharmacy, worship service,
grocery store, or walkway to school. The reseaxcleatled their new field “ecological
psychology”—a study of “how people’s behavior amvelopment are influenced by the
physical environments that are part of their evaytlves” (Holahan 1982). One of
Barker and Wright's partners, Paul Gump, observV&d:o children in the same place

(behave) more similarly than one child in two pEc@cAndrew 1993).

Environmental psychology—an area of psychology imiclw the focus is the

interrelationship between the physical environméniman behavior and experience—
emerged from observations made at the Midwest Fi¢ddion (Holahan 1982). Future
researchers extended their work, discovering, feamgple, that rearranging ward
furniture in groups significantly encourages greatgcial interaction among psychiatric
patients (Sommer and Ross 1958) and that longdowsrior tunnels produce distortions

of auditory and visual perception for these patig8pivack 1967).
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The Environmental Press Model, published by the Aecaa Psychological Association
(Eisdorfer and Lawton 1973), suggests a link bebwtbe competence of an individual
and the impact of an environment on that individuability to adapt. For example, the
model's “environmental docility hypothesis” suggedhere is an appropriate “fit”
between an individual’'s competence and her aliditpavigate through an environment.
The less competent or frail the individual, the enorulnerable she will be to
environmental demands, compared to those who are pwnpetent. For example, the
act of stepping out of a tub requires that a baliasrthe ability to raise her feet over the
height of the tub, while maintaining balance. Aigasr’s decision to increase friction on
the tub’s floor or to include handholds to helpiadividual maintain balance, springs
from this realization (Connell 1997). The model &ge of the importance of “fit”".
Matching an environment to a subject’s level of petence is critical because too little
environmental stressor press—is as inappropriate as too great a ons,iadicated by

Figure 11
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Figure 11. The Environmental Press Model
Adapted from Eisdorfer and Lawton (1973), as presstm Connell (1997)

3.1.2 Emergence of EBD

Environmental psychology and EBD share a quesewaence regarding the impact of
the environment on human beings. However, the didlow through separate streams
because they are being driven by different reseandtures. For example, while
environmental psychology includes various built isvryment typologies (Bell et al.
1996), EBD has thus far principally focused on &-sector of buildings—the

architectural and interior design of healthcardlitaes.

Although it has been variously referred to as “srfipe design,” “evidence-informed”
and “research-based” during its development, th@418ublication of Roger Ulrich’s

paper inSciencas frequently heralded as the christening poirEBD (Bilchik 2002). In
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his paper, entitled “View through a window may udghce recovery from surgery,”
Ulrich, then researcher at the Department of Geugrat the University of Delaware,
analyzed the recovery records of forty-six surgjatients assigned to eight rooms over
the course of nine years. The recovery rooms wenest identical in all ways but one.
On each floor, windows of half of the rooms facdatiak wall, while half faced a natural
scene Figure 12). To minimize confounding factors, forty-six patie subjected to a
similar surgical procedure were grouped into twehtge pairs and matched in terms of:
sex, age (within 5 years), being a smoker or nookem being obese or within normal
weight limits, general nature of prior hospitalinat year of surgery (within 6 years),
floor level, and wall color of rooms. Comparisonretovery rates indicated statistically
significant differences; patients whose windowsethéoliage had shorter postoperative
stays, received fewer negative evaluative commeantsurses notes, and took fewer

potent analgesics than their matching countergditech 1984).

Ulrich’s results implied that health benefits atfed by an environment could be
measured, and were therefore as tangible as ademedsmedication. The discovery, in

turn, suggests that careful design can offer detedohe financial benefits.
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Figure 12. Recognized first study in Evidence-Basddesign analysis methodology
Floor plan of hospital showing patient rooms fadiolgage versus brick wall.

From Ulrich, R. (1984). “View through a window manfluence recovery from surgery.”
Science224(4647), 420-421. Reprinted with permissiomfi@AAS.

Two years following the publication of Ulrich’s semal paper, Wayne Ruga led the
founding of the Center for Health Design (CHD), anprofit organization with a stated
mission to “transform healthcare settings into imgalenvironments that improve
outcomes through the creative use of evidence-bdssidn.” The CHD website declares:
“We envision a future where healing environments r@cognized as a vital part of the
therapeutic treatment; and where the design ofttesalke settings contributes to health
and does not add to the burden of stress” (Centeéalth Design 2007a). The CHD,
recognizing the need to convincingly demonstraedthébenefits potentially achieved by
EBD interventions within actual healthcare settingstablished the Pebble Projects
program, based on the metaphor that a single pétdded into a pond makes ripples that
can have far reaching effects. The Rady Childretgspital in San Diego was the first of

four Pebble Projects. The number of healthcarditiasi participating as Pebbles has
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since grown to 65 as of this time of writing, arahtnues to increase (Center for Health

Design 2007c).

In addition to its role in facilitating the gathegi of research data from Pebble Projects,
the CHD commissioned Haya R. Rubin, Amanda Owend, Greta Golden at Johns
Hopkins University to prepare a literature review BBD. The resultStatus Report
(1998): An Investigation to Determine Whether theltBEnvironment Affects Patients’
Medical Outcomess one of the first attempts to systematicallyieavexisting studies
relating to EBD topics. Researchers found 84 stugimmduced since 1968 that met
specified criteria, assessed their scientific meuitd classified them into four primary
categories: (1) randomized control trial, (2) expental, paired, (3) observational,
paired, and (4) observational, unpaired, nonrandssignment. The team proposed a
conceptual “Environment-Outcome Interface” modafgesting three ways that features
of the physical environment might impact a patientate of recoveryHgure 13).

According to the model, the environment may

(1) support or hinder a caregiver’s actions and meditatventions
(2) impair or strengthen a patient’s health statusperdonal characteristics
(3) protect a patient from or expose him or her to eaus illness

(Rubin et al. 1998)
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Figure 13. The Johns HopkinsEnvironment-Outcome I nterface Model
From Rubin, H. R., Owens, A. J., and Golden, G98)9“Status Report (1998): An

Investigation to Determine Whether the Built Enwingent Affects Patient’s Medical
Outcomes.” The Center for Health Design.
Reprinted with permission from the Center for He&esign.
Five years following publication of the Rubin repoAnn Devlin and Allison Arneill
from the Department of Psychology at Connecticutldge examined three areas of
research: patient involvement with healthcare (tile of patient control), the impact of

the ambient environment (e.g., sounds, light, at)d specialized building types for

defined populations (such as Alzheimer's patie(@&vlin and Arneill 2003).

One year later, a milestone literature review orDERppeared. The review team was
jointly led by now University of Texas A&M professdroger Ulrich, and Georgia Tech
professor, Craig Zimring, both teaching and redeacc professors in departments of

architecture. The review, entitle@ihe Role of the Physical Environment in the Hospita
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of the 2% Century: A Once-in-a-Lifetime Opportunitidentified 600 rigorous studies
and assessed their scientific merit, evaluatingitising an academic letter grade scale.

After assessing the literature, the team calleddoaitity design decision-makers to:

- Reduce staff stress, health, and safgtyough environmental measures, such as
improved ventilation, ergonomic design, better gesd nursing stations, improved
lighting, and floor plans that reduce the needstaff to walk great distances;

- Improve patient safetpy controlling hospital-acquired infections withERA filters
and single-patient (rather than multi-patient) recend with sinks and/or alcohol-based
hand-rub dispensers in each room for staff use demwpatients, reducing medical

errors by installing improved lighting, and redugipatient falls by introducing wider
bathroom doors; and

- Reduce stress and improve outcorbgseliminating noise, improving way-finding,
introducing bright light, visions of nature, poséi distractions, gardens, art, and
comfortable areas for families and friends to oféarcial support, and enhancing
communication between staff and patient.

(Ulrich et al. 2004)

The Ulrich and Zimring team found evidence pointinga humber of factors that may
reduce length of stay and increase patient satisfawith the quality of care they receive.
They cite data demonstrating that appealing hdspdams lead to more positive

evaluations of physicians and nurses as well as feororable patient judgments of
service (Swan et al. 2003). This is significant daee environmental satisfaction has
been demonstrated to substantially predict ovesdlkfaction, second only to perceived

quality of nursing and clinical care (Harris et2002).
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EBD claims are being investigated outside the U#veak A team from the University of
West England, Bristol, published a literature rewifor the Centre for Public Health
Research on the impact of visual arts on patiealtihéDaykin and Byrne 2006). In 2008,
the Health and Care Infrastructure Research anavation Centre in the UK (HaCIRC)
published a report “The Effects of the Built Enviment on Health Outcomes”
(Codinhoto et al. 2008) in response to expressetbdiry the UK’'s Department of Health
to (a) reduce waiting time, (b) reduce patient tangf stay, (c) reduce use of medicine,
(d) increase staff time per patient in hospitady,iicrease staff work effectiveness, and

() improve the national healthcare experiencepftients (Department of Health 2004).

However, despite growing enthusiasm, EBD is notheut its critics. An article by
researchers at the University of Twente in the Bid#imds (Dijkstra et al. 2006) argues
that of 500 potentially relevant EBD studies, oB3§ pass highly rigorous scientific
criteria. They suggest that since conclusive ewdeis so limited, it is premature to
formulate EBD guidelines for healthcare environmenbavid Chambers, Director
(Planning Architecture & Design) of Sutter Healthiticizes EBD proponents for
focusing on the patient in the bed, and recommeadgocates should instead
acknowledge the increasing role that ambulatorg ¢arbeginning to play (Chambers
2006). Some long-time facility design practitionanso have witnessed the rise and fall
of various “flavor-of-the-month” design trends hasspressed concern about the staying

power of EBD (Mazurek 2007).
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Nevertheless, advocacy groups have been pushimgfdrwith the adoption of EBD
(Figure 14). A number of papers by Anjali Joseph (Joseph 2p@®06b; 2006c),
Director of Research of the Center for Health Desltave served as a bridge between

academic research and decision-makers who seelpternent its findings.

3.2 Adoption of EBD into standards

An extensive review of the literature regarding #mvantages and disadvantages of
single-patient rooms versus multi-patient roomsHabib Chaudhury at Simon Fraser

University in Canada (Chaudhury et al. 2003) haslted in the recommendation of

single patient rooms over multiple occupancy rodarsacute care environments in the

AlA Guidelines for Design and Construction of Heafare Facilities(The Facility

Guidelines Institute et al. 2006).
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Figure 14. The iterative nature of the EBD standar@zation process.
(Ballard and Rybkowski 2007)

The EBD standardization procassone of continual improvement. Although more lke
spiral that becomes richer as it climbs (belowg, phocess is shown in plan view for
simplicity (above).
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The AIA guidelines do not, in and of themselvesry#he force of law; however many
states include sections of the guidelines as phther building codes, whickare

enforceable by law (Blumgart 2007).

3.3 Multidisciplinarity of EBD

EBD knowledge is drawn from many disciplines; reskars come from a variety of
fields, including biology, psychology, architectusmciology, anthropology, marketing,
and engineering. For example, EBD reviewers AnnliDend Allison Arneill represent

themselves as psychologists. Although Roger Ukiained his PhD in human/behavioral
psychology and Craig Zimring defines himself aseawironmental psychologist, both
teach in departments of architecture, at Texas A&l Georgia Tech, respectively.
Leonard Berry is a professor of marketing; KarinkBira comes from a department of
marketing communication and consumer psychology. @n Department of Civil and

Environmental Engineering at UC Berkeley is alsgagred in research on EBD, under

the direction of Dr. Glenn Ballard.

Not yet mentioned is the work by Eve Edelsteinearnbiologist who has been awarded
the AIA College Fellows Awards 2005 Latrobe Felltwps along with team members
from academia (UC Berkeley) and industry (Chongrieais and Kaiser Permanente) to
examine the physiological link between healthcarglifty design and faster healing rates

in patients (American Institute of Architects 20@s}elstein 2007).

Key milestones in the development of EBD are sunzadrinFigure 15.
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Figure 15. Milestones in the development of EBD
Compilation and graphic by author.

This chapter has set the context for Evidence-Bd3edign research—as a social

movement as well as a science.

We will now transition to the first of my primaresearch questions: How might we
increase accuracy of—and therefore confidence irediptions made about long-term

savings resulting from implementation of Evidences@&d Design interventions?
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payback period

Chapter 4

The purpose of this chapterto develop a framewo
to increase confidence in lorigkm cost savin
predictions associated with implementatiol
EvidenceBased Design interventior

This chapter links Evidendgased Design to Ro
Cause Analysis used by lean thinkiregts the
resulting framework with actual data and discuste
viability as a potential strategy for making finaaic
predictions.



4.0 Part I: Long-term financial savings
4.1 The Dilemma: How much can EBD save a projectlo  ng-term?

4.1.1 Overview: Link between EBD and capital budget ing

One key benefit of EBD, as suggested by its adescas its ability to offer potentially

measurable long-term financial savings to those adpt it.

Various scholars of building design and constructisuch as Paulson (1976) and
MacLeamy (MSA 2004), have suggested that the ghidiinfluence a project is greatest

during the earliest stages of deliberation andgiesiwhen costs per change are lowest.

For example, the decision about whether or not rienb a building’'s fenestration
southward to capture the rays of the sun can sutsits influence the building’s energy
use over the life of that building. Making this dgaon early in the design process costs
very little. However, as consultants add detailsthe design and the various trade
partners become increasingly involved, modifying thuilding’s orientation becomes
more expensive. The influence-cost relationshigmdian has been adapted and simplified,
taking several forms; one is shownRigure 16. The implications of the diagram is that
EBD-influenced decisions should be made as earpoasible during the planning stages
of a project because trying to implement changesdesign to accommodate EBD inputs

later in the process is more costly.
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Figure 16. Simplified relationship between abilityto impact cost, cumulative cost

commitment and time

Adapted from Paulson (1976); Barrie and Paulso8Z)1and MacLeamy (MSA 2004).

Capital budgeters wishing to implement EBD needvéagh the additional incremental

capital costs—if any—associated with EBD intervensi against potential incremental

savings over the life cycle of the building. Inghthapter, we explore the potential

financial benefits of EBD, and link them to the wdd.ife Cycle Cost Analysis (LCCA)

or Benefit-Cost Analysis (BCA) models.
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4.1.2 Early financial case for EBD

In 2004, a multi-disciplinary team of academics agm@ctitioners published “The
Business Case for Better Buildings” (Berry et &042). The paper represented an early
attempt to financially quantify incremental bengfind costs associated with EBD, based
on data from early Pebble Project case studies.t@&e created a “Fable Hospital, a
composite of recently built or redesigned healtbctacilities that have implemented
facets of evidence-based design.” The imaginary$8#lion facility has 300 beds and
provides a comprehensive range of inpatient and udatdry services, including

medical/surgical, obstetrics, pediatrics, oncolagyrdiac and emergency.

Included in the fable hospital are features baseBBD principles:

Larger private patient rooms

Acuity-adaptable rooms

Larger windows

Larger patient bathroom with double-door access
Hand-hygiene facilities

Decentralized nursing substations

Additional HEPA filters

Noise-reduction measures

Additional family/social spaces on each patientiflo
Health information resource center for patients asidors
Meditation rooms on each floor

Staff gym

Art for public spaces and patient rooms

Healing gardens (interior and exterior)
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By the authors’ calculations, the investment reephirabove a typical hospital’'s

construction cost totals approximately $12 million5% of the facility’s capital cost.

Using actual metrics from Pebble Project case sfydthe authors claim EBD

interventions benefit the Fable Hospital in thédwing ways:

Patient falls (reduced)

Patient transfers (reduced)
Hospital-acquired infections (reduced)
Drug costs (reduced)

Nursing turnover (reduced)

Market share (increased)
Philanthropy (increased)

Berry et al. (2004) estimate these interventiomslead to a total increase in revenue and
savings of nearly $11,500,000 within 12 monthsrafteening. Thus, by the author's
calculations, the additional investment of $12 imill would likely be paid for with the
incremental savings in just a little over a yédfter the payback period, long term

financial savings then begin.

2 The Berry et al. article uses an undiscounted-lbesefit analysis estimation of value to make its
argument. Although discounting is considered stethgi@actice for engineering economy calculatiohs, t
authors’ decision is probably appropriate givert tha financial costs and benefits are rough esémand
occur approximately within a year, rendering tingdee-of-money concerns negligible.
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4.1.3 Life Cycle Cost Analysis (LCCA) and EBD

Kirk and Dell'lsola (1995) estimated that the lotegm costs associated with a hospital

throughout its life may represent just 6% of itat@osts, as shown Figure 17.

Employee Benefits (8%)

Professional Fees (6%)

Medical Supplies (3%)

Drugs & Pharmaceuticals (5%)

Wages

& —————— Food (4%)
Salaries
50%

Fuel & Utilities (6%)

Contracted Services (7%)

Capital Expenses (6%)

Other Expenses (5%)

Figure 17. Total cost of ownership for a typical hepital
Adapted from Figure 1-3, Kirk and Dell'lsola (1995)

In a similar spirit, the Royal Academy of Engineegri suggested that the ratio,
(Construction®Maintenance Building and Building Operating Co8tBlsiness
Operating Expenses), should be considered on thex of 1 : 5: 200 (Evans et al. 1998).
The precise magnitude of this ratio has been disp(ive 2006). Nevertheless, because

total cost of ownership is undeniably greater tthencapital expenses associated with the
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project, there is growing support that life cyctests should be considered when making

capital budgeting decisions-igure 18) (Boussabaine and Kirkham 2004; Kirk and

Dell'lsola 1995; Langston 2005; Saxon 2005; U.Sddement of Transportation 2002).

Design  Construction Maintenance Business Citation
cost cost & building operating costs
operating
costs
0.1 1 5 200 (Evans et al. 1998)
0.1 1 1.5 15 (Ive 2006)

Figure 18. The long term costs of owning and usinguildings
Adapted and adjusted from Ive (2006) and Evans €1298).

The double-headed arrows represent the rangeabfcimsts per category proposed.

Calculating life cycle costs requires an understamndf the concept of value. Definitions

of value are varied (Thomson et al. 2003). The adepted during this research was

offered by Richard Saxon iBe Valuable: A Guide to Creating Value in the Build

Environmeni(2005):
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Value = What you get
What you give (Saxon 2005)

This definition is similar to that of Life Cycle Gb Analysis (LCCA), Benefit-Cost
Analysis (BCA) and the Savings-to-Investment R&8¢R), the latter ratio being most
useful when savings are a primary benefit. Theonalle behind these tools has been
defined by ASTM, as well as by a number of auti&STM April 2006a; Boussabaine

and Kirkham 2004; Bull 1993; Kirk and Dell'lsolad® Langston 2005).

4.1.3.1 LCCA and resistance from industry touse LC  CA

Despite the fact that the LCCA methodology has bettively well developed, industry
members are still reluctant to use it. A numbereazsons for this are summarized in
Table 2 It is my impression, through informal discussavith practitioners in the field,
that the first two items listed—uncertainty of foasted costs and the barrier of first cost
regardless of magnitude of long-term benefits—a@ gignificant reasons for not using
LCCA. The uncertainty argument may seem intuitivelyious. As for the concern
regarding barrier to first cost, even if LCCA cdhtions suggest long-term investment
might be favorable, the first cost expense musily be met in order for the investment

to take place at all.
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Table 2. Reasons industry decision-makers do not mently use LCCA

. Forecasting of future costs as well as categorfesosts is (Ashworth 1993; Clift and
uncertain (data difficulties) Bourke 1999)

- Higher first cost is a considerable hurdle (despiteellent (Moore 2001)
IRR)

. Life expectancy of building and its parts is unagrt (Ashworth 1993)

- Technological changes may render building, andfoparts, (Ashworth 1993)
obsolete

- Fashion changes may make building obsolete (Asimi993)

. Cost and value change over time (inflation variesvall as (Ashworth 1993)
prices—i.e., petroleum)

- Policy and decision-making changes (i.e., tax stines) (Ashworth  1993; ClIift and
Bourke 1999)

. Capital cost estimations, also needed for LCCA, dfshworth 1993)
frequently inaccurate

. Capital and operating budgets are often separate I-H&) and Horner 1998;
Cole and Sterner 2000)

- First costs are certain, seem real and easy talagdc (Clit and Bourke 1999;
Flanagan et al. 1987)

- Design team will not volunteer to undertake LCCAess a (Cole and Sterner 2000)
client is willing to pay for it

- If an owner decides on a project, she will usuaélynain (Cole and Sterner 2000)
committed to it, regardless of the results of LCCA

. Intangible factors often influence a decision (iRerception (Clift and Bourke 1999)
of good will may be more important than cost, aghwi
healthcare)

- LCCA software is not standardized (Clift and Boutlg®9)
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A number of strategies have been proposed to eagelgreater usage of LCCA. Two of
these include: (1) Enhanced education about thetsnet LCCA, and (2) improved

availability of cost and performance data (Clifd@ourke 1999; Cole and Sterner 2000).

4.1.3.2 Addressing industry concerns

Although future forecasts cannot be predicted \altbolute accuracy, uncertainty can be
addressed using (@) sensitivity analysis, or (bpabilistic LCCA software. The former
approach indicates how much the result is affettgdchanges in critical economic
variables; the latter helps indicate if the rankofgwo alternatives is conclusive (Cole

and Sterner 2000).

4.2 The Proposed Solution: Quantification of EBD

In order to quantify long-term financial benefitssaciated with EBD, it is first necessary
to understand how these benefits may be quantifed.this we turn the discussion to

Evidence-Based Medicine (EBM).

Manipulating the environment is a form of medicedatment; we therefore need to
understand EBM in order to achieve the requisig@rriand quantification of benefits
attained. In response to this, the following sewiwill explore the development of EBM
literature reviews, for the purpose of determinimgv EBD might benefit from EBM

lessons learned.
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4.2.1 Harnessing lessons learned about literature r  eviews from
Evidence-Based Medicine (EBM)

The well-designed research experiment resides ethdart of EBM. However, it is
unreasonable to expect practitioners and policyersako unearth, read and digest the
vast number of primary research articles publiseadh year. In 1987 alone, it was
reported that 2,000,000 articles were publishe@0r0D00 journals (Ad Hoc Working

Group for Critical Appraisal of the Medical Litetaie 1987).

Literature reviews help bridge the gap and sole dilemma. Once results are reported
in peer-reviewed journals and industry publicatjaghe reviewer is able to draw together
an accumulated understanding from research resalgssimilar topic. There are various
types of reviewsFigure 19 summarizes these, emphasizing their differencashically.
While anecdotal observations are not consideredewsy per se, they might be
considered the first form of generalization as thegresent an individual’s observation

of repeated patterns of behavior or outcome.
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Figure 19. Types of literature review according tacknowledged level of rigor

Historically, “authoritative reviews” were condudtéy invitation only. Editors engaged
recognized experts to survey the literature ofeddfiOn the surface, this assumption
seems reasonable. However, in reality, the coroslabetween reviews by multiple
experts has been poor (r=0.19-0.54) (Oxman and ®60983). In the rest of this report,

this type of authoritative review will be referreas theraditional review

Systematic reviewsy contrast, evolved as a reaction against toawit reviews, which
tend to represent ad hoc compilations of past reBaaflecting the bias of the individual

reviewers.

Mulrow (1994) cites a number of reasons why theergdic community should

collaboratively focus on constructing systematige®s. Her reasons include:
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» Since quality of experiments and results vary, slenimakers need integrated
knowledge to make prudent decisions. Once expetahersults are integrated

systematically, it is possible to make generalaaiabout a topic.

* A well-conducted review, although expensive, isslepstly than many scientific

experiments, and ensures that funds are not wagtegproducing existing knowledge.

Systematic reviews help to overcome the shortcosnafgraditional reviews that can be

haphazard and reflect the personal bias of thewean.

4.2.1.1 Conducting a systematic review

Systematic reviews share certain procedural tréitsiumber of authors recommend
specific methodologies. For example, Mullen and Ram(2006) recommend a nine-step

strategy for a proper systematic review:

Specify the study’s aims
Set inclusion criteria for participants/evidence
Design the recruitment/search strategy
Screen potential participants/evidence againstigich criteria
Decide on measures and design the data colleataioqol
Select an appropriate metric to represent the radmiof the findings and
assess the likelihood that these findings coulthbeesult of chance
Collect the data/code the primary studies
Analyze and display the data using appropriate austhand
. Draw conclusions based on the data and discussatéeinterpretations in
view of the study’s strengths and limitations.
(Mullen and Ramirez 2006)

ogkhwnE

© o~
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It is helpful to discuss a few hallmarks of a sys#ic review in greater detail:

. Because there are so many articles with varyingadberistics, Carl Counsell (1997)
suggests that inclusion criteria be establishetl wiproperly formulated question. This
question should comprise four specific parts, lethéh), (b), (c) and (d). They include
the type of: (a)intervention (b) outcomeanticipated, (c)personinvolved, and (d)
control to which the exposure is being compared. In EBBeaech, an appropriate
screening question might therefore be written dwvis: Does (a) regular hand
washing by caregivers (b) reduce incidence of nmsial infection in (c) ICU patients
compared to (d) situations where hand washing isenforced? This type of question
establishes criteria against which reviewers caciddewhether or not an article

qualifies for inclusion in a review.

. To guard against variability and personal biasmythe review process, it is suggested
that researchers enlist at least two independeeésers who develop explicit inclusion
criteria, and evaluate articles based on the saitexia. They should compare results
and achieve consensus. There is also a dangeaetheivers may unknowingly express
screening bias by recognizing an article’s authios. mitigate this potential bias,
researchers might consider coding authors’ idestitscreeners should look for quality,
quantity, consistency, and coherence of evidenaenvdvaluating articles (Mullen and

Ramirez 2006).
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- Reviewers also need to guard against publicatias. b\ number of researchers warn
against the tendency to restrict a search to astipliblished in peer reviewed journals
and only in the English language (Dickersin and ¥#93; Mullen and Ramirez 2006).
Also, there is a tendency for journals to publisiy@ositive results. Much good work

exists outside of these boundaries.

Reviewers should search article databases exténsiad internationally, seeking out
“fugitive literature.” One researcher suggeststerditure search should include mining
databases such as MEDLINE, EMBASE, BIOSIS, CINAHRsychLit, CancerLit,

Dissertation Abstracts, and SIGLE (for unpublisHgdrature). A thorough search
should also include a manual page-by-page exaromati conferences and journals
because many articles are not properly indexed €=l 1997). Sources of
information may come from human and non-human rebeas well as from prior

literature reviews (Mulrow et al. 1997).
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4.2.1.2 Levels of evidence

A fundamental assumption of evidence-based desigmat not all evidence is considered
to be of equal merit. The U.S. Preventative Sesvitask Force ranks evidence according

to the following categories:

- Level I: Evidence from one or more randomized controlledstr
- Level lI-1: Evidence from controlled trials, but no randontiza
- Level lI-2: Evidence from cohort or case-control studies

. Level 1I-3: Evidence from multiple time series

- Level lll: Expert opinion based on clinical experience

(U.S. Preventive Services Task Force 1996)

Level | evidence—that which comes from randomizedtmlled trials—is deemed the
most reliable because a control group eliminatedozomding variables, and double blind
randomization removes potential bias of both expenter and subjects. Level lll—
expert opinion—is considered the lowest level aflemce because judgments have been
shown to vary between individuals. Between these éwxtremes exists a spectrum of
varying certainty. Level Il evidence, for examgkegconsidered less rigorous than Level |
but is often necessary for ethical or practicakoes. Level II-1 evidence exists because
it is not always possible to randomly assign charatics, such as gender, to
experimental subjects. Similarly, Level [I-2 evidenacknowledges that it would be
unethical to randomly assign research subjectsattake in certain types of behavior,

such as smoking cigarettes. Therefore, another tfpexperimental study—a case
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control study—compares subjects who already emhkaodapndition of interest against
those who do not. While cohort studies identifytadg group before a characteristic such
as a disease or smoking tendency emerges, a casel &udy identifies and compares
subjects who have already developed a phenomenonenést against those who have
not. A cohort study offers greater certainty thataae control study since information is
recorded as it happens (case control studies, hyrast, rely on the potentially faulty
memories of subjects). But, case control studiesless expensive than cohort studies;
researchers study a phenomenon retrospectively++aftas already occurred. Level 1I-3
evidence introduces an intervention at a poininmetand observes if there is a concurrent
alteration to the population under investigatiohisTlevel of evidence is common for
infection control studies, especially during andepnic. Level II-3 evidence is not
considered to be of the same level of rigor addkels of evidence previously discussed
because changes in outcome may be coincidentgldeogs in infection rate may be due

to natural seasonal variations of the bacteriagsindied.

Categorizing evidence according to rating levelsyraaem simple. But highly rated
evidence is not easy to obtain. For example, antem@mprehensive integrative review of
1120 articles on hand hygiene and its impact orthese-associated infections yielded
inconclusive results (Backman et al. 2008b) becaeseewers found many of the

published experiments riddled with confounding ables, as shown ifiable 3.
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Table 3. Example of fatal flaws in quasiexperimentabefore and after studies

1. Unblinded intervention or prospective study witbrimore of the fatal flaws
sufficient to weaken confidence in the study’s dosions

2. Unblinded intervention or prospective study witbrlmore other flaw, but
none is fatal to negate the conclusions

3. Intervention or prospective observational studyhwio fatal or other flaws not
accounted for by study authors

4. Blinded randomized controlled trial (RCT) with rettdl or other flaws

Fatal flaws:

l. Inadequate sample size

Il. Uncontrolled bias or confounding (e.g., No evideocenterrater
reliability, unclear participant inclusion criteyidata collection unblended

[l Unclear operational definitions or description meirvention

V. Inadequate (or no) statistical analysis

V. Lack of evidence that intervention was actually lienpented

(Backman et al. 2008b)

Despite the challenges, however, sorting throudbligations and rating the quality of
available evidence is central to the Evidence-Basstision-making as it is currently

practiced in Medicine (Cochrane Collaboration 2007)
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4.2.1.3 Challenges of reviews

Systematic reviews have been adopted slowly bgthentific community in many areas

of medical research. Some of the challenges indolvi¢h the preparation of a systematic

review are:

- The time required to prepare a review is usuallysgly underestimated. Because of
this, many well-intentioned reviewers have neitthertime nor the resources to prepare

a high quality review (Chalmers 1993).

- The heterogeneity of data sources makes it diffitnmlcombine evidence (Counsell
1997; Mulrow et al. 1997). Identifying, downloadirand screening thousands of
articles often requires time and resources far beythose available. Therefore, a
number of researchers have recommended standaydimrformat of data reporting—
including the abstract—so that methodologies arglilte can be more efficiently
subjected to collective statistical analyses (Mullend Ramirez 2006; Sandercock
1993). However, this type of experimental desigd data reporting requires a level of
collaboration that is not always easy in a culttirat tends to value research

independence.

In other words, just as not all experiments areadgumeritorious, not all literature
reviews are equally useful and reliable. EBM desiite impetus from the methodological
precision of the systematic review; EBD would bé&nkby heeding lessons learned by

EBM.
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4.2.1.4 The diamond of literature reviews: The Cumu lative Meta-
Analysis

A subcategory of systematic review is tbhemulative meta-analysisAlthough now
generally a stabilized term, nomenclature for thige of review has varied from “meta-

evaluation,” and “research synthesis,” to “inteiy@teview” (Mullen and Ramirez 2006).

A meta-analysis can be defined as “the statisttocahbination of studies to produce a
single estimate of the healthcare intervention dpeimnsidered” (Buendia-Rodriguez and
Sanchez-Villamil 2006; Mullen and Ramirez 2006)c&sse it represents the quantitative
compilation of numerous primary studies, a metdyaig has been called a “tower of
statistical power” (Mulrow 1994). By combining rdtsufrom various sources, one is able
to determine statistical significance with greaecuracy, thus rendering the final result

more meaningful.

Mulrow (1994) cites Antman et al. (1992) as an eplamy case where traditional
literature review recommendations lagged far behired current state of research on a
medication, prophylactic lidocaine, administered gatients with acute myocardial
infarction. In 1990, data collected from 15 randpadi trials and subjected to statistical
meta-analysis demonstrated no mortality benefio@ated with prophylactic lidocaine
for acute myocardial infarction. However traditibneviews continued to recommend the
administration of prophylactic lidocaine, despititistical evidence to the contrary
(Figure 20). By contrast, a cumulative meta-analysis of 3&drindicates that another

medication, streptokinase, is effective in treatoages of acute myocardial infarction.
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Mulrow argues streptokinase’s effects were deteeghito be statistically significant
(within a 95% confidence interval) as early as 1928 years before it was approved by
the US Food and Drug Administration and its useegaly adopted Kigure 21).
Because of this misjudgment in the traditional egwliterature, more effective treatments
to reduce myocardial infarction mortality, suchsaeptokinase, were not recommended
as often as they might have been—likely resultmgnnecessary health complications or

deaths.
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Figure 20. Cumulative meta-analysis versus traditioal review

Results of the meta-analysis done by Antman €8D2). The meta-analysis indicates
that the prophylactic lidocaine served no mortahéyefit in cases of myocardial
infarction (left). This was not the result that Haskn suggested by the traditional review
(right). “M” indicates that meta-analyses appearethe literature from 1986-1987.

From Antman, E. M., Lau, J., Kupelnick, B., Mosg¢eJIF., and Chalmers, T. C. (1992).
“A comparison of results of meta-analyses of ran@dechcontrol trials and
recommendations of clinical experts: Treatmentdvgocardial Infarction.” JAMA,
268(2), 240-248. Reprinted with permission.
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Figure 21. Conventional meta-analysis versus cumuige meta-analysis

A meta-analysis demonstrating the advantages inharg@ooling cumulative results
from homogeneous randomized controlled trials.
Treatment was shown to be favored as early as 1973.

Reproduced from Mulrow, C.D. (1994). “Systematiciegvs: rational for systematic
reviews.”BMJ, 309, 597-599, with permission from BMJ Publish@&gup Ltd.
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Meta-analyses are done on the causal relationskipvelen a single feature of the
designed environment and desired outcomes. In é¢isé df all worlds, EBM and EBD

meta-analyses would exist for all causal relatigggshand scored reviews could then
evaluate the various studies done on specificiogisthips using quantitative methods.
Where such quantitative methods cannot be apptjedlitative evaluation is the next
best option and can also be included in scoredeweyi with evaluation criteria made
explicit.

4.2.1.5 Building literature review synergies: The C  ochrane
Collaboration

In order to comprehend why cumulative meta-analysesso important to Evidence-
Based Medicine, it is helpful to understand whatrsgd the genesis of a key

organization responsible for their preparation—@oehrane Collaboration.

An extensive effort in meta-analysis formed as spoase to Archie Cochrane’s call to
improve accuracy of collected information by systéiming the review process.
Cochrane’s bookEffectiveness and Efficiency, Random Reflectionbsl@aith Services,
published in 1972, set forth straightforward pnotes, which included developing
reviews from randomized controlled trials (RCTs)is Hprinciples resulted in the
formation of the Cochrane Collaboration, an intéoral not-for-profit organization, that
sets a highly rigorous standard for meta-analy§gxtfrane Collaboration 2007). The
meaning of the group’s logo, the stylization ofatual, historic, meta-analysis of seven
RCTs Figure 22), is explained by lain Chalmers: “Each horizoritaé represents the

results of one trial (the shorter the line, the enoertain the result); and the diamond
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represents their combined results. The vertica Indicates the position around which
the horizontal lines would cluster if the two tmeants compared in the trials did not
differ in their effects; and if the horizontal lineuches the vertical line, it means that that
particular trial found no clear difference betwee treatments. The position of the
diamond to the left of the vertical line indicatésit the treatment studied in the trials is
beneficial” (Chalmers 1993). In fact, the logo bétCochrane Collaboration represents
actual data from seven RCTs testing an inexpensoréicosteroid’s impact on the
mortality of fetuses expected to be born premayur€halmers writes: “Because no
systematic review of these trials had been pubdisivgil 1989, most obstetricians had
not realized that this treatment was so effectiks. a result, tens of thousands of
premature babies have probably suffered and dieéagssarily (as well as costing the
health services more than was necessary). Thiasisgne of many examples of the
human costs resulting from failure to perform systic, up-to-date reviews of RCTs of

healthcare” (Chalmers 1993).

THE COCHRANE
COLLABORATION®

Figure 22. Cochrane Collaboration logo
(Cochrane Collaboration 2007)

Reprinted with permission from the Cochrane Colfabon.
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In the same publication, lain Chalmers wrote abtut then-forming Cochrane
Collaboration. A lengthy quote is included here éese it describes a potential
collaborative model to which EBD researchers andewers might look should they

seek ways to synergistically enhance collaboration.

“Although the Cochrane Collaboration is still at aarly stage of its
development, its basic structure and methods ofkwgr have been
established. Each reviewer is a member of a calbe review group,
which consists of individuals sharing an interestiparticular topic (stroke,
for example). Collaborative review groups have ofgeown out of an ad hoc
meeting of people who have recognized that theyestsn interest in
preparing and maintaining systematic reviews of R@iithin a particular
field. But review groups have also emerged in othays. Members of the
review group seek funding and other support forirtretivities from
whichever specific sources they consider appropriaEach of the
collaborative review groups is coordinated by aitoeidl team. The editorial
team is responsible for preparing an edited modfitee reviews prepared by
members of the review group for dissemination thlouhe Cochrane
Database of Systematic Reviews...

The pregnancy and childbirth collaborative reviewoup, for example,
comprises about 30 reviewers who, collectively, @argently responsible for
maintaining between 500 and 600 systematic reviewfRCTs, and for
dealing with between 200 and 300 new reports afstevery year. The group
includes reviewers in Australia, Canada, Irelarfite Netherlands, South
Africa, the United Kingdom, and Zimbabwe. The indial reviewers are
responsible for obtaining the resources (of whiatirttime is often the most
important) which are needed to prepare and mairttanreviews that fall
within their respective areas of expertise. Theoeidl team coordinating the
group consists of four editors, an administratad administrative secretary,
and the work of the team is supported by a graminfthe Department of
Health for England. Together with members of thkaborative review group,
the editorial team is responsible for preparing eatited Pregnancy and
childbirth Module for incorporation in the CochraBatabase of Systematic
Reviews.”

(Chalmers 1993)
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In addition to the Cochrane Collaboration, othegamizations dedicated to bringing
together collaborators to prepare meta-analyses baerged in the field of Evidence-
Based Medicine. For example, the Evidence-BasectiPeaCenters program, developed
under the wing of the Agency for Healthcare Redeand Quality, has established
centers at universities and other institutions sashDuke University, Johns Hopkins
University, McMaster University, Oregon Health Saes University, the University of
California at San Francisco, Stanford Universityes®arch Triangle, the RAND

Corporation and Blue Cross and Blue Shield Assmeiginstitute of Medicine 2001).

The advantage of establishing organizations sudhefochrane Collaboration and the
Evidence-Based Practice Centers program is that dnaw reviewers together into a

community that maps and maintains knowledge abgpeaific area of study.

4.2.1.6 Classification of EBD reviews

There is considerable overlap between EBD as appiiehealthcare facility design and
EBM, as was implied b¥igure 8. In order to better understand the developingreatf
EBD literature reviews, | have classified EBD ravéealong a spectrum ranging from
qualitative to quantitative review methodologiesgidamed irFigure 7. The spectrum is
intentionally roomy, allowing for the future insem of review typologies that may
develop as the EBD field matures. The double-headedw signifies that these

additional types of reviews may evolve at and beyeither end of the spectrum. Each of
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these categories—as it specifically relates to EB@DHnow be discussed in greater

detail.

Because EBD is still a developing field with bounes yet to be fully defined, it has
been necessary for reviewers to create rough fitag®ins of collected information.

These categories of knowledge first emerged andiraen to appear as traditional
literature reviews, as described earlier (Devlinl &rneill 2003; Joseph 2006a; 2006b;

2006c¢; Joseph and Ulrich 2007).

As the field matures, systematic scored reviewsehlaggun to emerge with greater
frequency. For example, Rubin et al. restrictedr thiterature review to experimentation
that fell within one of four primary areas: (1) Ri@mized controlled trial, (2)
Experimental, paired, (3) Observational, paired] &) Observational, unpaired (Rubin
et al. 1998). By comparison, Ulrich and Zimringessed primary research on a typical
academic scale, awarding grades that ranged fromd’AD” (Ulrich et al. 2004). Both
review teams reported on recurring patterns ofltesuthin categories of EBD-related
experimentation. Additionally, Dijkstra et al. aggthat of over 500 EBD-related studies
found, only 30 met the stringency of their one pesible category—the well-conducted

controlled trial (Dijkstra et al. 2006).

As larger numbers of randomized controlled tridégtsto appear, highly rigorous meta-
analyses on EBD topics will emerge. For exampldhgi®and Curtis (2006) published a

paper on the impact of hand washing on respiratdgections. The review is structured
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as a meta-analysis. The abstract itself is clearggnized into the categories of Objective,
Methods, Results and Conclusions. The authors fhaokesults of seven homogenous
studies to discover that, on average, hand wasbimgrs the risk of respiratory infection
by 16%. Although the authors specifically excludedges conducted in hospitals and
caution that the pooled studies are of poor quality limited geographic scope, they also
affirm that the “results show a coherent and sigaift pattern of impact of hand
cleansing on (respiratory) infection.” For the pasp of understanding how meta-
analyses can help healthcare capital budgeters aedisions, let us imagine the study
had demonstrated that hand washing reduced nosakfgctions in hospitals (as well
as in the community) by 16%, with a 95% confidemterval between 0.11 and 0.21. We
could then suggest that equipping sinks or alcalegensers in every patient room in a
way that demonstrably encourages hand washingeduce nosocomial infection rates
by approximately 16% (Rabie and Curtis 2006). Aorégd confidence Interval (Cl) of
95% means that we would be 95% confident that theaslevel of nosocomial infection

reduction lies between 11% and 21Pigre 23).
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Figure 23. Range of expected results for reductioof respiratory infections
associated with hand washing at 95%onfidence interval

Adapted from Rabie and Curtis (2006)

Once the quantification of information becomes ladé and reliable, this information,
along with information on the investment required @he costs of infections, can be
used by the decision-maker during capital budgetupantifying the link between cause
and effect enables estimation of payback periods. &xample, in the hand washing
example, one could then multiply the outer bounti$%{ and 21%) of respiratory
infection reduction by the average annual costexdting respiratory infections in one’s
own facility, to determine the likely payback petjcas well as the range of financial

savings expected over the life of that facility.
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Figure 24. Conceptual application of cost saving usy 95% confidence intervals (Cl)
to a cumulative cash flow diagram

4.3 Need to build a tool

4.3.1 Pre-existing tools

Despite growing interest in EBD and its potent@limprove healthcare quality, some
owners and designers have expressed frustration tbeedifficulty of communicating
EBD recommendations to their budgeting and desigif.sSorting through research

articles can be unwieldy and time consuming. Trawl#tlly, owners and designers have
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little formal training in scientific research metwogy and so are unequipped to make

judgments about the validity of published experitaéresults.

To address these concerns, members of the EBDrchseammunity are developing
tools to systematize findings and to render recontted EBD interventions easier to

comprehend and implement.

Four tools currently in existence or under develeptrare described below:

« InformeDesigninitiated in the fall of 2000 by Denise Guerin,.Phand Caren Matrtin,
Ph.D. of the Department of Design, Housing, and appin the College of Human
Ecology, University of Minnesota, this website isnstructed as a collaboration
between the American Society of Interior Desigraerd the University of Minnesota. It
serves as a searchable clearinghouse for humarvibelrasearch. The professed
mission of this website is to “facilitate desigrietse of current, research-based
information as a decision-making tool in the desigmocess, thereby integrating

research and practice.” (InformeDesign 2069gure 25 depicts the website.
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Health Care

Health Care - General (89)

Ambulatory Care (1) Intensive Care/Acute Care (22)
Assisted Living (15) Laboratory (4)

Clinic_(10) Long Term Care/Nursing Home (57)
Emergency Room (6) Operating Rooms/Suites (7)
Examination Room (2) Qutpatient Treatment (11)

Home Health Care (1) Rehabilitation (6)

Hospice Care (5) Residential Treatment Facility (1)
Hospital (43) Satellite Facility/Mobile Unit (0)

Wellness Center (1)

Figure 25. The InformeDesign searchable website
Screen print from InformeDesign (2009)

« EBD WheelLyn Geboy, PhDDirector of Research and Education of the architatt
firm Kahler Slater, depicted the mnemonidrigure 26 to assist consultants designing
a healthcare facility. Geboy grouped twelve categoof EBD research reviewed by

Ulrich et al. (2004) as well as other “high impatidies” (Geboy 2007).
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The twelve categories Geboy includes in the whe=ha follows:

Single patient rooms
Noise

Windows

Light

Access to nature
Positive distractions
Furniture arrangements
Air quality

. Flooring materials
10. Wayfinding

11. Building layout

12. Ergonomics

© ONOOADNE

Geboy argues that the wheel has been “very heipfolir efforts to increase designers’
and clients’ knowledge of EBD issues and in fosggrclients’ understanding of the
negotiated complexities that must be navigatechendourse of the healthcare design
process. In addition, the wheel has been usefultalking with clients about
shortcomings in existing facilities, highlightingsponsive features in our own designs,

and focusing discussions throughout the designgsot (Geboy 2007).
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Figure 26. The EBD Wheel
from Geboy, L. (2007). “The evidence-based desigeel: A new approach to

understanding the evidence in evidence-based désigathcare Design/(2), 41-42;
reprinted with permission from the author and Kallkater Architects.
John Reiling’s ChecklistThis tool by former CEO of St. Joseph’s Hospital
Westbend Wisconsin, was presented and distributethea Healthcare Design’06
conference in Chicago, IL. A work in progresssiincluded here not so much to imply
the form was intended to serve as a completed ahshpd tool, but to illustrate the
checklist type of response to EBD that is becomimgeasingly common. The list
shown inFigure 27 includes: Safety Features of the Patient Roomet$dfeatures of
the Patient Room (Additional for Consideration), citey Design Process
Recommendations, and Design Principle Recommenmdati®ome items on the
checklist include:
. Sitting area and guest foldout bed to encouragdyaupport and involvement
with care
Noise reduction through the use of low vibratioeestand special noise-
absorbing ceiling tiles and elimination of overhg@adjing

- Self-decontaminating materials on “high touch” agds
Design for maximum standardization
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Safery Fearnres of the Patient Room*

[ Seandardization in room size snd layout e

[] Tevroem sink eo allow physicianstaf? hand washing

current facility and at every design

the desiga process

o
ibed and tereby iver l with care
doshle-check medication o ather schedulid

support the design process
Flegin room meck-ap and equipment
bight and provide & healing view,
[effccts on staff as well ss patients and
dsprabilieylsuizability.

ind involvement

jow-vibration steel and specis] noise-sbsatbing X .
chead paging. Jehysical environmen

tpmmendations®

Ji 10 adagn 1o chamges in ezchaology

[ Self decans

stems ol the peint of serviceicare.
[ Touchless electrical switches where posdible.

[] improved fnctionality of wiler and sink fomares.

HIKS

HIKS

Figure 27. A checklist for safety features
by John Reiling, former CEO of St. Joseph’s Ho$§itéest Bend, Wisconsin)

(Reiling 2006)

« A Visual Reference for Evidence-Based DesinJain Malkin: The president of Jain
Malkin Inc., a San Diego California interior aragture firm which specializes in
healthcare facilities authored this book to serwa dsnapshot in time.” Malkin’s work
is intended to inform healthcare facility decisimakers about recent developments in
healthcare facility design as well as to help desig visualize what an EBD-inspired
healthcare facility might look like. The book is iy illustrated and captioned
according to room function, to make visualizatiomsier. A sample illustration is

included inFigure 28,
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COW Bedside Charling

Possible COW Docking
Stations

- Wel Work Zone By Enfrance
/ 7 to Promote Handwashing
‘*J Institutional Clutter Mot
EL~

Visible to Palient

H— Dry Work Zone Not Visible
to Patient

— Sciled/Clean Linen Supply
Beneath Dry Work Zone

= Dry Waork Tone in Close
Proximity fo Headwall

—  Patient view Range

Figure 28. Example illustration from A Visual Reference for Evidence-Based Design,
by Jain Malkin

Patient’s Unit Prototype, Clemson University ané&mnburg Regional Healthcare
System Collaboration

From from Malkin, J. (2008 visual reference for evidence-based design

Center for Health Design, Concord, CA;
reprinted with permission from the Center for HedMesign.

4.3.2 Assessment of EBD tools currently under devel  opment and
criteria for new tool development

Each illustrated tool serves an important functioits own right.

However, this research seeks to develop a frametwohieighten confidence in financial
savings predicted by implementation of EBD inteti@ams. To this end, this dissertation
seeks to situate EBD within an array of potentidlisons which may or may not involve
the design of the facility itself. This purposevisry different from that of the above-

mentioned tools.
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Therefore, in light of this defined need and afteerviews with owners and capital
budgeters, as described Section 2.4 | developed criteria for a new tool based on the

following questions:

- SearchableAre research findings fast and easy to locate?
- Expandable: Can new findings be easily added as fresh reseagsblts become
published?

. Inclusive of non-architecture-oriented solution&re non-architectural, as well as
architectural, solutions to medical problems ineldés potential options?

« Visually strong and cleats the graphic interface easy to understand ae@d us

« Input-Output correlations obviousAre the correlations between EBD inputs and
outputs clear?

- Rate-able: Can the research findings be easily evaluated dBrsy and can those
evaluations be readily shared?

- Benchmark-able to national indicatorsCan users benchmark their facility’s
performance against national indicators?

. Transition-able to LCCA or BCACan the tool easily transition to capital budgeting
uses as increasingly reliable data becomes availabl

| have also assessed the adequacy of existing &molsrding to the above criteria, as
shown inTable 4. The ratings given to each tool are subjective; theybased on my

own judgment. However, they offer a starting pdartthe development of a tool.
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Table 4. Assessment of a sample of EBD tools curténunder development

Assessmerftveak = 1<.....=> 5 = strong)

S E | Vv R CE B L

InformeDesign 5 4 1 1 5 3 1 1
http://www.informedesign.umn.edu/
(website)
Lyn Geboy: EBD Wheel 1 1 1 4 1 1 1 1
(graphic nemonic)
Jain Malkin 1 1 1 5 1 3 1 1
(book)
John Reiling 1 1 5 1 1 1 1 1
(checklist)

S Searchable

E Expandable

I Inclusive of architecture and non-architecturaliohs

V Visually strong and clear

R Rate-able

C-E Cause-effect correlations obvious
B Benchmark-able to national indicators
L Transition-able to LCCA

To develop a tool that can respond to the abover@i—especially that which includes a
full range of both architectural and non-architeetgolutions—the next section will

introduce Root Cause Analysis.

4.4 Proposed Framework for a New Tool
4.4.1 Structure of the New Tool

4.4.1.1 Root Cause Analysis: the Five Whys

The Joint Commission is the largest and best knoowmprofit body that accredits 16,000

healthcare organizations and programs in the USpé&taling to the growing influence of

Page 80



EBD and to ensure that the sets of recommendapooféered by EBD consultants are
appropriate and effective, the Joint Commission teommended that Root Cause
Analysis to be undertaken as a response to EvidBased Design (Feldbauer et al. 2008;
The Joint Commission 2009). This section will exaeione form of Root Cause
Analysis and discuss how it can be used as thes ldasian EBD-decision-making

framework.

The intent of Root Cause Analysis is to drill dowm the root of a problem. The
assumption is that, by eliminating the root causproblem, the problem itself becomes
resolved. Lean Construction borrows heavily froranlenanufacturing, described by
Jeffrey Liker inThe Toyota WayLiker 2004). Liker offers an example of Root Cause
Analysis in the form of a “Five Why” chart (LikerOR4), after presenting a challenge:
“there is a puddle of oil on the shop floor.” If vagk, “Why is this so?”, the answer may
be: “because the machine is leaking oil.” If we treagain ask, “Why ishis so?”, the
response may be “because the gasket has detediérasech time we reach a new level
of causal understanding, we decide whether or adke action at that point or to
continue with our line of inquiry. For example, @asonable response following the
discovery of leaky oil is to clean up the oil. Upeealizing that the gasket has
deteriorated, we may elect to replace the gasketh Eevel of causal analysis brings with
it a new potential solution. However, note thastfilevel solutions are often temporary.
Cleaning up the oil will not arrest the leak; thievall likely need to be cleaned up again.
Although replacing the gasket will stop the leasinfir reoccurring for a while longer, a

poor quality gasket replaced by another poor qualitsket only forestalls another leak.
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Why? Why? Why? Why? Why?

In other words, each successive level of inquingds with it a longer term solution, as is
depicted inFigure 29. Not until we reach the final level of the Liker @ige do we arrive

at a solution of some permanence.

Level of Problem Corresponding Level of| Result if take action
Countermeasure at this point
There is a puddle of oil on the Clean up the oil Short-term solution

shop floor

Because the machine is Fix the machine ”
leaking oil

Because the gasket has Replace the gasket Midterm solution
deteriorated

Because we bought gaskets Change gaskets specifications ”
made of inferior material
Because we got a good deal Change purchasing policies ”
(price) on those gaskets
Because the purchasing agentChange the evaluation policy  Long-term solution
gets evaluated on short-term for purchasing agents
cost savings

Figure 29. Example of Root Cause Analysis using “B¢hys”
Adapted from Liker 2004, Figure 20-1, p. 253.

The logic behind the Five-Whys is that short-temmiugons require that fixes must be
repeated multiple times over a given period, wiildong-term solution demands a
singular fix. Despite its sometimes larger firsstahe Five-Whys solution argues the
long-term resolution is often less expensive thenghort-term one in the long run—and

should therefore be preferred.
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The question then may be, at what stage in theadasof questioning does one stop a
Root Cause Analysis? The Five-Whys technique is intended to literally suggest

stopping after asking “why” five times, but rathedter reaching “an actionable cause.”
Ideally, one should take action at the moment whemumber of repeated fixes matches
the needs of the situation at hand. For exampltharcase of the oil leak, the short-term
solution might be most appropriate if the machieeds to be fixed only long enough to

use it for two hours (as opposed to two years).

4.4.1.2 Clarifying the scope of Root Cause Analysis as applied to
healthcare

The logic of Root Cause Analysis can be appliedrny problem. However, this research

is about resolved problems associated with heakhca

Therefore, a word of caution is in order here; RDatise Analysis may seem to lead to a
seemingly endless chain of causal events. For eleanmpthe case of healthcare, Ferlie

and Shortell (2001) and Reid et al. (2005) defme hested levels:

(1) the individual patient

(2) the care team (including professional care progidelinicians, pharmacists and
other), the patient and family members

(3) the organization (hospital, clinic, nursing home, e

(4) the political and economic environment (regulatdiyancial, payment regimes
and markets, conditions under which organizatioass teams, individual players
and care providers operate.

While all levels certainly need to be consideredsame respect, only two of the four

reside within the scope boundaries establishedhisr dissertation irSection 2.2 and
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perhaps more importantly within the boundaries dfoapital design project. If (4) and
possibly (3) are givens, then the root cause arsatygst stop at level (2) in order to have

workable root causes in which to work.

4.4.1.3 Root Cause Analysis and EBD

The next sections will look to ways in which EBDndae applied to Root Cause Analysis

of challenges associated with healthcare dilemmas.

Evidence-Based Design research identified in thackllet al. literature reviews is
certainly critical (Ulrich et al. 2004; Ulrich et.2008) to this endeavor. However, this
research focuses first and foremost on architelcsotations to healthcare challenges but
excludes other means to help patients recoverrfaateile this approach is reasonable
and useful, undertaking root cause analysis andtsig architectural solutions within an
array of solution possibilities lends additionatdibility to EBD claims (Feldbauer et al.
2008). When a patient takes longer to recover tithers faced with similar ailments,
Root Cause Analysis in the form of the Five Whyseclis seekers to the source of the

difference.
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4.4.1.4 Link between the Hopkins Medallion and Ulri  ch/Zimring's
Literature Reviews

One way to link Root Cause Analysis to EvidencedBlaBesign is through the inner
workings of a recovering patient. This is logica&chuse the value system of EBD is

based on patient-centered care.

By way of analogy, a recovering patient's body imikar to a city under siege. To
recover from a wartime siege (illness), a city (goahust become engaged in three ways:
(1) prevent further destruction of the city (bod{d) make sure the workers (immune
system) rebuilding the city (body) are kept strangl healthy enough to repair the
damage, and (3) ensure that supply lines (hosglitdf) are given adequate support to
assist the city’s (body’s) own rebuilding efforthe authors of the Johns Hopkins
literature review (Rubin et al. 1998) recognizeesththree categories of need for patient-
centered care. Ifirigure 30, the patient is situated at the center of the E©mvnhent-
Outcome Interface Model medallion, and surroundethbee categories of influence: (1)
Protecting from or exposing to causes of illne&%,Iihpairing or strengthening patient’s
health status and personal characteristics, andS(®)yporting or hindering medical
interventions. For convenience, | have renamedethieee categories: (1) Safety; (2)

Healing and (3) Caregiving.

One measure of success of a healing process iatthat which a patient recovers. | have

expressed the central role the Rate of Recovegg flilg depicting it as the central axis.
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Figure 30. Categories of the Johns Hopkins Environent-Outcome Interface Model
Adapted from (Rubin et al. 1998)

4.4.1.5 The centrality of Length of Stay (LOS)

The Johns Hopkins’ Environment-Outcome Interfacedehoidentifies branches or
categories of factors that are needed to ensuteatlpatient resides at the center of a
healthcare facility’s focus. Although the indicatbength of Stay (LOS) is not a perfect
proxy for Rate of Recovery, the metric is commonbed by healthcare facilities to

benchmark their performance against that of otremilifies or their own prior
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performance, as suggested by a chart from the AglemdHealth Research and Quality.
LOS metrics are available to healthcare organinatias well as to the general public
through the AHRQ website, as shownTiable 5 (Agency for Healthcare Research and

Quality 2007).

Table 5. Length-of-Stay (LOS) indicators for all dscharges sorted by region
(Agency for Healthcare Research and Quality 2007)

Standard errors

LOS LOS
({length LOS (length
of (length of of

stay), stay), Total stay),

Total number of days days number of | days
discharges {(mean) |[(median) discharges (mean)
All discharges 39,163,834 (100.00%) 4.5 3.0 765,017 0.0
Region Mortheast| 7,753,745 (19.80%) 5.3 3.0 333,726 0.1
Midwest 9,020,549 {23.03%) 4.4 3.0 296,951 0.1
South 14,942,227 (38.15%) 4.6 3.0 537,287 0.1
West 7,447,313 (19.02%) 4.3 3.0 311,482 0.1

Weighted national estimates from HCUP Mationwide Inpatient Sample (NIS), 2005, Agency for
Healthcare Research and Quality (AHRQ), based on data collected by individual States and
provided to AHRQ by the States. Total number of weighted discharges in the U.5. based on HCUP
MNIS = 39,163,834, Statistics based on estimates with a relative standard error (standard error /
weighted estimate]) greater than 0.30 or with standard error = 0 in the nationwide statistics (NIS
and KID) are not reliable. These statistics are suppressed and are designated with an asterisk (*).
The estimates of standard errors in HCUPnet were calculated using SUDAAN software. These
estimates may differ slightly if other software packages are used to calculate variances.

LOS may therefore serve as an indicator for quadtycare until a more accurate

indicator becomes readily available.
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4.4.1.6 Extruding the three branches

To set up working planes onto which Root Cause ysisldiagrams can be drawn, the
three dotted arms of the Environment-Outcome laterfModel medallion shown in

Figure 30 can be extruded into three dimensions, as showigure 31.

(02 Garegving

-1 8 Sy

lnle [nlealling

Recovery Rate
Ohno's “five” why's
Potential Solutions

Figure 31. Three-dimensional extrusion from the Johs Hopkins Environment-
Outcome Interface Model
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An example of Root Cause Analysis as it relatesigure 31 will be presented in
Section 4.5.3.3However, it is necessary to first introduce tblke rof literaure reviews as

they relate to the tool.

4.4.1.7 Relationship between framework and EBD lite  rature

The operational concerns a healthcare facility nfacst can be staggering. In response to
these concerns, the EBD research community hasifiddna number of challenges that
may be assisted through better quality facilityigiesEach of the three categories of
patient-centered care—safety, healing and caragivitan in turn be investigated more
deeply. For example, assaults to pati&atfety include hospital-acquired infections,
medical errors, patient falls, (mis)communicatioetvieen staff, patient and family
members. Rate of patiertealing is impacted by that patient’s response to paees!
stress, loneliness and depression. The abilityadf siembers to offer a patient assistance
during Caregiving is influenced by their own injuries, stress, efifeeness, and
satisfaction. EBD literature reviews reveal thatheaof these frustrations can be

minimized through more sensitively designed spaces.

The EBD outcomes discovered by Ulrich et al. (20Rd08) can be grouped into the
same categories identified by Rubin et al. (1998).bring the results of both research
teams into alignment, | have relabeled the Ulritlale (2004, 2008) categories as | did
those of Rubin et al. (1998), i.e., (1) Safety, KBaling, and (3) Caregivingrigure 32

shows these three categories, as they are applighlith et al.’s work.
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SUMMARY OF THE RELATIONSHIPS BETWEEN DESIGN FACTORS AND HEALTHCARE OUTCOMES
T~ Design Strategles " g s | E
. o @ = =
— ot Environmental 2 = £ 2 £ § ! g
T on £ 32
Interventions 5 o 5 5 £ ) & z r:!L
a o - a
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Healthcare Dutcomes El o = i EE a = £ g g =
[ L < = (Z2| 3 = 2 = a <
Reduced hospltal-acquired Infections =
Safety Reduced madical emars o o =
Reduced patlent falls * > S = o o
Reduced pain * * *
. P » * »
Heallng Improved patlent sleep
Reduced patient stress # = = = = =T
Reduced depression == = i o
Rate of Recoverv Reduced length of stay & & g *
. Impreved patlent privacy and confidentiality el * *
Safety/Healing
Improved communication with patlents & family members e
. Improved soclal support * * =
Healing E i
Increased patlent satlsfaction — - . o . o .
Decreased staff Injurles = *=
Caregiving Decreased staff stress
Increasad staff effectiveness * 2 o o o o
Increasad staff satisfaction

* Indicates that a relationship between the specific design factor and healthcare outcome was Indicated, directly or Indirectly,
by emplrical studles raviewed In this repart.

*# Indicates that there |s espaclally strong evidence {converging findings from multiple Hgorous studles) Indicating that a design
Interventlon Improves a healthcare outcome.

Figure 32. Summary of healthcare outcomes relateatmetrics
(Ulrich et al. (2008))

Reprinted with permission from the Center for He&esign.

The only outcome from Ulrich et al. (2008) whichedonot fall into one of these three
groups is reducetlength of Stay (LOSHowever, reduced LOS—as introduced earlier—
differs from the other metrics in that it may benswlered as an overall indicator of
healing success into which all other categoried.fé@r example, patients who are kept
safe from further harm, whose bodies are assistatld healing process and who have
access to good caregiving should heal more quiahktyshould therefore be able to leave

a hospital sooner.

Page 90



4.5 Testing the Framework

4.5.1 Background on Hospital-Associated Infections and MRSA

This dissertation uses Root Cause Analysis to addmme especially costly safety
problem; it investigates the control of nosoconirdections, also known as Hospital-
Associated Infections (HAIs)—thus testing in a pigplication the rough prototype of
the tool presented in the last section. More smedhy, this research investigates the
spread of methicillin-resistan$taphylococcus aureuwithin a hospital facility and

proposes ways in which its spread can be minimiZéde intent is to explore one
problem in depth so that it may serve as an exarfglevays other patient-centered

challenges might be addressed.

4.5.1.1 The challenge of Hospital-Associated Infect  ions

According to the Center for Disease Control, thare approximately 1.7 million
hospital-associated infections per year in the @Shese, 99,000 result in death (Centers

for Disease Control and Prevention 2009).

Infections visit healthcare facilities at the follmg rates:

« Urinary tract: 32%

« Surgical Site Infections: 22%

« Pneumonia (Lung Infections): 15%
« Bloodstream Infections: 14%

(Centers for Disease Control and Prevention 2009)
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Hospital-associated infections are caused by véusacteria and (more difficult to treat)
fungi. The Society for Healthcare Epidemiology omérica and Infectious Diseases

Society of America (2008) focus on six HAIs, in fpaular.

« Central Line-Associated Bloodstream Infections

« Ventilator-Associated Pneumonia

« Catheter-Associated Urinary Tract Infections

« Surgical Site Infections

« Methicillin-ResistantStaphylococcus aureus

+ Clostridium difficile
Many of these infections share similar modes afdnaission. For example, the first four
of these six infection types are device-associated;they travel into a patient’s body via

an inserted medical device, such as a catheter.

However, the modes of transmission of some of ifiections also differ. Therefore, the
scope of this study is limited to one strain ofteae in particular, methicillin-resistant
Staphylococcus aureyRSA). MRSA is classified as a gram-positive baetewhich

means that gram stain colors it dark blue or vi(ifegure 33).

At the time of this writing, MRSA has become ditfitto control.

When it first appears on a human body, a stapictioie may resemble a small red

pimple or spider bite. An initially mild infectiosan quickly penetrate surgical sites,

Page 92



bones, joints, the blood stream, heart valves angd, develop into painful abscesses and

potentially contribute to the patient’s death (Ma3mic Staff 2009a)Kigure 34).

Figure 33. MRSA bacteria
from Church (2009)

Figure 34. Appearance of methicillin-resistantStaphyl ococcus aureus
from its early pimple-like appearance to puss acedation (Logical Images Inc. 2009).

The final image (eCanadaNow 2009) depicts a cagadiulted in the patient’s death.
Not everyone colonized by MRSA develops an actifeation. A number of individuals
are, unknowingly, carriers of th&. aureusbacterium. These individuals serve as

reservoirs and can transmit the bacteria to thoseweakened state.
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Those most at risk for becoming infected by MRSé&ude those who:

- are in a weakened immune state, such as the eld&iDS patients,
those in Intensive Care Units (ICUs), burn units,tlmose receiving
organ transplantation or surgery

- stay in a hospital longer than 14 days or who heaeently been
hospitalized (within previous the three months)

- have been transferred from another acute-careitjacdhronic-care
facility or nursing home

- are penetrated with an invasive device (those alysls, with catheters

or feeding tubes).
« have recently been treated by antibiotics

--(Mayo Clinic Staff 2009b; Rubinovitch and Pit2001)

In reservoir individuals—those who carry the baaterwithout presenting symptoms—
the bacterium generally colonizes the nasopharpexineum (area bounded by the
urogenital passages and the rectum), or skin (Caes2001), as depicted kgure 35.
These areas are significant because sensitivitgaaition—especially in the case of the
perineum—can make comprehensive patient screenimg MRSA expensive and
complicated (Swartzberg 2008). Because human reserean unknowingly transfer
MRSA to those in a weakened immuno-compromisedesttte clinical literature
repeatedly discusses attempts to decolonize thesn@rasal passages) of reservoir
individuals in healthcare facilities with the amntitic mupirocin (Hudson 1994; Miller et

al. 1996).
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Figure 35. Common MRSA colonization locations in reervoir carriers

4.5.1.2 The global rise of Hospital-Associated Infe  ctions

The increasing number of hospital-related infectias alarming. Within the six year
stretch from 1999 to 2005, infections in the USerd®m approximately four to eight
MRSA-related hospitalizations per 1,000 (Figure .3Wparious reasons have been
suggested for the rising magnitude of MRSA infetsiancluding the increasing numbers

of elderly and immuno-compromised patients worldsid
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Figure 36. MRSA-related hospitalization rates in tie US from 1999-2005

MRSA-related discharges/1,000 hospitalizationshwitror bars bracketing 95%
confidence intervals.

Reproduced from Klein, E., Smith, D.L., and Laxmaan, R. (2007). “Hospitalizations
and deaths caused by methicillin-resis@taphylococcus aureughited States, 1999-
2005.”Emerging Infectious Diseasek3(12), 1840-1846.
No permission to reprint necessary; image in putimain.
Especially disconcerting is the bacteria’s risiegistance to existing antibiotics. In fact,
methicillin-resistance has increased amd@tgphylococcus aureusolates among all

hospital infections, ICU patients and skin and gf$ue infection patients during the

five-year period depicted iRigure 37.
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Figure 37. The percentage oBtaphyloccocus aureus resistant to methicillin in the US
as indicated by three surveys

TSN, The Surveillance Network (includes all hodpitéections); NNIS, National
Nosocomial Infections Surveillance System (includely intensive care units);
SENTRY (includes only skin and soft tissue infes)
Reproduced from Klein, E., Smith, D.L., and Laxmaan, R. (2007). “Hospitalizations
and deaths caused by methicillin-resis@taphylococcus aureughited States, 1999-

2005.”Emerging Infectious Diseasek3(12), 1840-1846;
No permission to reprint necessary; image in putimain.

4.5.1.3 MRSA in the community

Containment of MRSA is increasingly complicated dese its incidence is no longer
limited to healthcare facilities; of concern is tfiscovery that MRSA has emerged in the
community. The precise origin of community-acquireéRSA is still a topic of

speculation (Chambers 2001) and has led to imagiitgs to determine if MRSA is
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colonizing surfaces common to urban environmenitsh s handholds of trolleys, trams

and buses (Stepané\wet al. 2008).

Designing public spaces to reduce the spread ofragmty-acquired MRSA is a topic
worthy of further investigation in its own right.oMever, the scope of this study is
limited to investigating ways to reduce the spreddhis bacteria within healthcare

facility settings.

4.5.1.4 The controversy over controlling MRSA

Containing the spread of MRSA in healthcare faedithas been controversial. Some
argue that controlling the bacteria is unrealistamtrol is expensive, consumes resources
that might be better spent elsewhere, and is somastunsuccessful. Critics assert that
MRSA is now endemic to healthcare facility settiagsl should instead be considered as
part of the regular hospital flora (Boyce 1991; riryton et al. 1998; Folorunso et al.

2000; Teare and Barrett 1997).

Nevertheless, as resistance to methicillin increaieere is concern the bacteria will
become resistant to Vancomycin as well. This dguaknt would present a worrying
turn of events since Vancomycin is traditionallynswlered the antibiotic of last resort;
once S. aureus can no longer be treated by Vanéomyere are few other options

available for treatment at this time (Herwaldt 1p9Bherefore, despite the controversy,
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there is growing agreement among members of tlentsiic community that spread of

MRSA should be restrained (Herwaldt 1999).

4.5.1.5 Cost of treating MRSA infections

The cost of controlling MRSA infections is currgnkligh, as shown ifable 6. This has

led to significant interest in controlling the spdeof the bacteria.

Table 6. Cost of nosocomial infections as reportdaly hospitals

Year Cost to treat each infection Citation
(US $)

2001-2006 12,197 (Kilgore et al. 2008)

2005 13,973 (Stone et al. 2005)

2005 153,871 (Pennsylvania Health Care Cost

Containment Council 2006)

2001-2002 3,306 (Chen et al. 2005)
1996-2000 50,896 (Evans et al. 2007)

1998 15,275 (Roberts et al. 2003)

The range of costs to treat each infections reptedén the table is fairly large ($3,306-
$153,871 per infection) and the studies are ofimgrguality. However, the Kilgore et al.

study is the largest of its kind to provide rigosoanalysis of costs, with N=1,355,437
admissions from over 55 hospitals. The study pebiegan in March 30, 2001 and ended
in January 31, 2006. The average cost result ofl8¥2is bounded by a 95% Confidence

Interval (ClI) of $4,862-$19,533 and is consideretistically significant (p<0.001).
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4.5.2 Applying Root Cause Analysis and its implicat  ions for design

4.5.2.1 Call for Root Cause Analysis and prior atte  mpts

One premise of this thesis is that the healthcarencunity is not able to significantly
reduce MRSA infection rates because it may not desidering the full picture of the
virus’ transmission path. Constructing such a pathalysis for the spread of MRSA

infections is the goal of undertaking Root Causalpsis.

In 2007, Carrico and Ramirez (2007) published fsteb diagrams for sentinel event
analysis of Healthcare Associated PneumoRigufe 38). Certainly, causal links found
in the diagram such as “medical staff unaware evention protocols” and “lack of
consistent hygiene” are likely; and the diagram easist a time-strapped infection-
control professional by offering a ready-made chstkHowever, the author of the
diagram appears to have clustered various potecdiades for infection without asking
“Why?” more than once. Also, responses appear fiyirtinat an appropriate reaction to
violations of protocol is to simply reinforce prgigting protocols. From an Evidence-
Based Design perspective, a better solution miggtead be to design the problem away
entirely. This is the logic of Poka Yoke—a desigrategy which will be introduced in

Section 4.5.2.2
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Figure 38. Sentinel event analysis for Healthcare sociated Pneumonia

From Carrico, R., and Ramirez, J. (2007). “A pracies analysis of sentinel events due
to healthcare-associated infectioArherican Journal of Infection Contrd5(8),
501-507. Reprinted with permission.

4.5.2.2 Applying mistake-proof design to Root Cause Analysis

The ability to reduce healthcare infections—and icedderrors in general—by policy
enforcement alone is limited. This constraint wasognized in Grout’'s (2007)
publication “Mistake-Proofing the Design of Healtare Processes,” where the author
presents examples pbka yoke—or mistake-proofing applied to hospital faciliti€arout

argues that, given the complexity of medical treatbhrequirements and the nature of
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human error, it is unrealistic to mistake-proof lmmperformance. Rather, he suggests,
healthcare facility decision-makers should seeksmaybuild solutions into their design

and thus entirely eliminate the need for qualitgtcol.

The concept of poka yoke was initially postulatgdlyota’s industrial engineer, Shigeo
Shingo (Shingo 1985). To encourage its applicationhealthcare, Grout collects
examples of poka yoke that have been applied autsid hospital environment: filing
cabinets that prevent opening more than one draver time to avoid the danger of
overturning, tooth brushes with colored bristleigmied to alert owners that it is time for
replacement, safety belts colored in such a wat/ubars can tell if the belt is buckled
incorrectly. In the foregoing examples, poka yoladph individuals identify an error
when it occurs. However, an ideal poka yoke designinates the error completely. In
the following hypothetical example of a poka yokeg(re 39), the need to inspect the

orientation of two interlocking pieces on an assigrtibe is eliminated.
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Incorrect orientation Correct orientation

Figure 39. Poka yoke: design as a means to elimimag¢rrors
An example of a poka yoke solution; male and ferpalgs are designed to connect in

only one way (right).
Grout’s report throws down a gauntlet to the healte design community to seek
mistake-proofing design strategies whenever passibterestingly, Grout’'s challenge is

especially suited to EBD.

4.5.3 Linking Root Cause Analysis and EBD

4.5.3.1 Constructing a Root Cause Analysis framewor  k for MRSA

In order to prevent error, it is necessary to usided what is causing that error. This is
the role of Root Cause Analysksigure 40 applies Root Cause Analysis to the spread of

MRSA in the form of Five-Whys.
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Level of Problem Corresponding Result if take
Level of action
Countermeasure at this point
B Patient has MRSA Administer antibiotics Short-term solution
f Because MRSA was on HAND§S Wash hands before touching ”
2 of staff contacting patient patient
E Because staff HANDS were in| Wash surface before touching Midterm solution
2 contact with SURFACE (with with hands
= MRSA)
Because OTHER PATIENT | Screen and isolate patients fpr Long-term solution
(with MRSA) touched that MRSA before entry
surface

Figure 40. Example of Root Cause Analysis using “B/hys”
Adapted from Liker 2004, Figure 20-1, p. 253.

Figure 40 offers one path for the transmission of MRSA frqratient to patient.
However, unlike the singular path of the Root Ca@salysis diagram for the oil leak
discussed irBection 4.4.1.1MRSA can potentially travel along multiple patksch as
via hands, surfaces or fomites, or droplets inatineTherefore, rather than present a chart
with a singular path, a more accurate Root Caus#dyAis chart should include a number
of potential causal branches. For example, a patray have contracted MRSA via
contract with a surface or fomite (any inanimatgeobthat can transfer infection from
one person to another), with staff or visitor hawmdghrough contact with an invasive
medical device. Each of these vectors, in turneivedd MRSA colonies from contact
with another vector, such as a colonized surfacéomite, hands or other colonized
patient, and so on. The branching nature of the Mithys is represented Figure 41
The challenge for a medical facility is to deterenithe most likely path and find the

appropriate corresponding level of countermeasure.
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4.5.3.2 Characteristics of the tool

It is worth reminding ourselves that the purposehef proposed tool is to enhance the
confidence of healthcare facility decision-makergarding the most cost effective ways

to solve patient-centered care problems.

Recall from Section 4.3.2that, to address this purpose, several criterideti® the

development of this tool. | have listed a proposesponse to each criterion.

- SearchableAre research findings fast and easy to locate?

Tool development responsmake tool computer-based with search function

- Expandable: Can new findings be easily added as fresh resemgstlts become
published?

Tool development responseiake tool a wiki so new information can be easily
added over time

. Inclusive of non-architecture-oriented solution&re non-architectural, as well as
architectural, solutions to medical problems ineldés potential options?

Tool development responsese Root Cause Analysis to first identify root smu
and then arrive at potential solutions, be theyiéectural or non-architectural in
form.

« Visually strong and cleats the graphic interface easy to understand ae@ us

Tool development responsase branching, tree-like graphic to support trgdm
root cause.

« Input-Output correlations obviousAre the correlations between EBD inputs and
outputs clear?

Tool development responsese graphically separate zone to indicate cormecti
between the cause and corresponding countermeasure.
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- Rate-able: Can the research findings be easily evaluated d®rsy and can those
evaluations be readily shared?

Tool development responserganize quantitative data so only the most highly
regarded (most rigorously screened) results ataded.

- Benchmark-able to national indicatorsCan users benchmark their facility’s
performance against national indicators?

Tool development responskyperlink indicators, such as Length of Stay (LOS)
to national databases, such as those compiled éyAtdency for Healthcare
Research and Quality, as describe@éction 4.4.1.5

. Transition-able to LCCA or BCACan the tool easily transition to capital budgeting
uses as increasingly reliable data becomes availabl

Tool development responsdetermine an average value and 95% confidence
interval for impact of countermeasure from cumuwktimeta-analyses so that
capital budgeters can determine a likely rangédiog-term cost savings.

Once the framework for the tool is developed, basadthe collective wisdom of
numerous problem solvers, it is necessary to populee framework with evidence.
Therefore, the purpose of this section is not tecHjally solve the MRSA spread

problem, but instead to test how the tool mighpbpulated with pre-screened evidence.

The chart inFigure 41 diagrams possible paths of MRSA spread as idedtiby
healthcare facilities and published in peer-revigyairnals. Each category is identified
by an icon label such as “H” for Hands or “S/F” feurface/Fomite or “OP” for Other
patients. These icons indicate a hyperlink to I'didwn” to the next level of questioning.

| have darkened the circles for categories thaes@eened during this test run. The final
link is between the cause and one or more recomatkadtions that can be taken to

address the cause. Note that an uncommitted itsnbden inserted at the bottom of each
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drill-down diagram. The intention is to symbolize=tadditive wiki nature of the tool;

new solutions will continuously emerge over time.

4.5.3.3 Trial run

For the test run, | selected representative linkthiee drill down charts (H, S/F and P),
as shown irFigures 42through44. | then populated the representative links witbuhes
from systematic literature reviews foilandwashing disinfecting surfacegfloors and
walls), andscreeningand isolation The literature had been prescreened for quafity o
evidence and published in peer-reviewed journale $pecific search strategies the
authors used, the screens they applied, as wéleafinal results of their searches can be

found inTables 7-10
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Figure 41. Example of Root Cause Analysis of spreaaf MRSA
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HANDS
are colonized with MRSA

Potential Solutions

Wash hands
| HOUSEKEEPING hands

Glove hands

Wash hands

| NURSE hands Glove hands

Eliminate need to touch

Wash hands

PHYSICIAN hands Glove hands

Eliminate need to touch

Wash hands
ORDERLY hands Glove hands

Eliminate need to touch

Wash hands
OT or PT hands Glove hands

Eliminate need to touch

Wash hands
OTHER PERSONNEL hands Glove hands

Eliminate need to touch

Wash hands
VISITOR hands Glove hands

Eliminate need to touch

X

Figure 42. Potential Solutions for reducing MRSA bywashing hands
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SURFACE / FOMITE
is colonized with MRSA

Potential Solutions

| BATHROOM DOOR HANDLES fooe Disinfect handles

Use antimicrobial handles

| BED or SIDE RAILS |, Disinfect bed rails

Use antimicrobial table

BED LINEN | Wash/change bed line

Disinfect cuffs
BLOOD PRESSURE CUFF¢ | —

Use dedicated cuff

FLAT SURFACES Disinfect flat surfaces
Use antimicrobial surfaces
| FLOOR | Disinfect floor
Disinfect furniture
| FURNITURE }

Use antimicrobial furniture

Disinfect buttons
INFUSION PUMP BUTTONS |

Use antimicrobial buttons

o B

| OVERBED TABLE
Use antimicrobial table top

PATIENT GOWN } Wash/change gow

| Disinfect door handle

ROOM DOOR HANDLE

Use antimicrobial handle

Disinfect traps
SINK TRAPS/BASIS FITTING |

Use antimicrobial traps
| Disinfect stethoscope
Use dedicated stethoscope

STETHOSCOPE

X

Figure 43. Potential Solutions for reducing MRSA bycleaning surfaces and fomites
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OTHER PATIENT
is colonized with MRSA

Potential Solutions

ROOMMATE Screen and isolate patients

Implement nurse cohorting
for colonized patients

Patients to wear gloves
when touching others

NON-ROOMMATE Patients to stay in own area
away from other patients

Implement nurse cohorting
for colonized patients

Figure 44. Potential Solutions for reducing MRSA bycleaning surfaces and fomites
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Table 7. Search methodology used by systematic rewers

TOPIC

Article

Databases
Searched

Dates Searches

Keywords
searches

Handwashing

(Backman et
al. 2008a)

Medline
CINAHL
EMBASE

Cochrane Library

PubMed

Jan. 1, 1996
-July 31, 2006
(10 year)

decontaminat$ or gel$]

Handwashing
(MESH headings):

hand
+ disinfection
+ antisepsis
+ disinfectants
+ antiinfective agents
+ local
+ antiviral agents
+ soaps
+ detergents
+ ethanol
+ alcohols

Titles:

(hand$ adj5 wash$)
handwashing$
hand hygiene

(hand$ adj5 wash$

[saniti$ or disinfect$ or,

+ cross infection
+ infection control

+ nosocomial

+ nosocomial$
+ ( educe$ adj3

spread$)

+ disease transmission
+ (healthcare associate
or healthcare associate
or hospital acquired)

Disinfecting
Surfaces

(Dettenkofer
et al. 2004a)

Biological
Abstracts/BIOSIS
Previews

Cochrane Library

Cochrane Clinical
Trials Register

HECLINET:
HealthCare
Literature

Information

1980-1988/1989-2001

(2001, Issue 4)

(1969-2000)

contaminat*
cross infect*
decontaminat*
detergent*
disinfect*
environment*
equipment
floor*
furnishing
health facility
housekeep*
hospital*
hygien*
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Network inanimate*
Medline (Ovid) (1966-2001) infect* control
surface*
Science Citation (1991-1996)
Index
SwetScan (1997-2001)
Web of Science (1997-2001)
(Science Citation
Index Expanded)
EMBASE (1974-2001)
EMBASE alert
Somed (1978-2000)
Internet
Screening & | (Cooper et Medline 1966-Dec. 2000 MRSA
Isolation al. 2004) screening
Embase 1980-Dec. 2000 isolation of patients
control of infection
CINAHL 1982-May 2000
SIGLE 1980-May 2000
Cochrane Library until Dec. 2000
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Table 8. Numbers of articles located and passing #hors’ inclusion criteria

Systematic Author or Total # of # of articles Final # of
Review systematic review| articles passing inclusion articles
located criteria passing most
rigorous
screen
Handwashing | (Backman et al. 1120 35 12
2008a)
Disinfecting | (Dettenkofer et al. 2035 80 4
Surfaces 2004a)
Screening & (Cooper et al. 4382 46 4
Isolation 2004)

@Although Faogali (1992) and Farrington (1998) walso cited in the final articles selected by

Cooper et al., 2004, | did not include them in thiglysis because experimental conditions

appeared to suggest incomplete isolation.
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Table 9. Inclusion screens applied by systematicveewers

Intervention Hand hygiene Cleaning Screening and
I solation
Systematic (Backman et al. 2008a) (Dettenkofer et al. 2004) Cooper et al. 2004)
Review

Screens applied

(most rigorous)

v

(least rigorous)

Experimental study
Randomized Controlled
Trial

Experimental study
without randomization

Observational study with
control group

Cohort study
Case control study

Observational study with
control groups

Cross-sectional study
Before-and-after study
Case series

Reviews of research
(only if they clearly
defined the parameters @
their search strategy,
including inclusive dates
of the review, databases
searched, and search
terms used)

Meta-Analysis based on
Randomized controlled
trials

Nonrandomized concurren
cohort comparison betwee
contemporaneous patients

who did and did not receive
an intervention

D—h—F~

Nonrandomized historical
cohort comparison betweep
current patients who did
receive an intervention and
former patients who did not

Case-control study
Case series without contral

Exert judgment, consensus
statements, reports

Prospective interrupted tim
series

Retrospective interrupted
time series

Hybrid retrospective and
prospective time series

Retrospective cohort study

Non-comparative (one
phase) studies

Minimum requirement:
accepted studies shoulg
include a component of
prospective data
collection
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Table 10.Articles that passed the most selective criteria afystematic reviewers

Topic Article % Reduction of Citation
MRSA
Handwashing (Backman et al. 0.01%] (Pittet 2000)
2008a) 17% | (Aragon et al. 2005)
57%| (Johnson et al. 2005)
11%| (Ng et al. 2004)
68% | (Brittain 2005)
21%] (Gordin et al. 2005)
0.9%] (MacDonald et al. 2004)
2.14%| (Schelenz et al. 2005)
6.8% (Kac et al. 2000)
8.1%] ”
2.01%] (Stone et al. 1998)
0% (Larson et al. 2000)
Average ~21% | -
Disinfecting (Dettenkofer et al. ~0% (Dharan et al. 1999)
Surfaces 2004a) (Danforth et al. 1987)

(Daschner et al. 1980)
(Mayfield et al. 2000)

Average ~0% | -
Screening & (Cooper et al. 2004) 98% (Coello et al. 1994)
Isolatiorf 90% | (Cosseron-Zerbib et al.
1998)
67% | (Duckworth et al. 1988)
60% | (Harbarth et al. 2000)
Average ~79% | -

@Although Faogali (1992) and Farrington (1998) walso cited in the final articles selected by
Cooper et al., 2004, | did not include them in thimlysis because experimental conditions
appeared to suggest incomplete isolation.

4.6 Discussion of results

4.6.1 Results

The screens used by the systematic review authiffier. dHowever, they are also

relatively similar in their assignment of hierarchBackman et al. (2008a) and
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Dettenkofer et al. (2004b) both use randomizedrotiatl trials as their most rigorous
screen. Cooper et al. (2004) relied on a time saigor screen because most hospitals
will not conduct randomized control trials duringime of outbreak, for ethical reasons
(it would be ethically questionable to ask somédf steembers to not wash their hands).
However, as was discussed 8ection 4.2.1.2 time series results are usually not
considered to be of the same level of rigor aseameed controlled trials, since a drop in
infection rates may not be due to handwashing,ratiter to coincidentally-occurring

seasonal variations.

According to the systematic reviewers, screeningj ignlation appear to offer the best
opportunities for cost saving (approximately 80#gndwashing comes in second place
(approximately 21%), and cleaning of surfaces imdt{0%). Please note that the
Dettenkofer et al. (Dettenkofer et al. 2004a) hehegified that they focused on cleaning

of walls and floors in their articles, and not higgntact surfaces.

Assuming the results are relatively accurate, tlgmificant drop in infection rate
following isolation is perhaps not surprising besmawguarantine (which is, in effect,
isolation) is one of the most effective methodglitranally used to control infection
outbreaks. It appears that increased efforts indWashing result in some infection
control, but not as much as one might expect. Threxg be a number of reasons for this,
including: (a) staff and visitors are not washiraptis as required, and (b) MRSA is also
being passed through other means, such as viairtlog By contact with high contact

objects, such as bedrails and doorknobs.
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4.6.2 Handwashing and the second layer of Root Caus e Analysis

Root Cause Analysis does not necessarily stop thghcause and effect diagram. For
example, even if the primary method of spreadingARs via hands of staff and

visitors and the proposed countermeasure is tdresle individuals to clean their hands
more fastidiously between touching patients, they mot comply. For example, in the
case of handwashing, compliance has been showe fmobr; doctors are some of the

worst offenders, as shown Trable 11

Table 11. Compliance with MRSA precautions
Adapted from from (Afif et al. 2002)

Type of Healthcare Worker Compliance with all glgesvn and hand
hygiene precautions (%)
Nurses 40
Physician 22
OT or PT 89
Orderly 18
Housekeeping personnel 4
Other personnel 24
Visitor 11

The implication is that it may be necessary to pptbot Cause Analysis—ask multiple
“whys”—yet again to determine how to most effeclyvapply the proposed solution. For
example, the following responses have been giveenvdtaff members are asked why
they do not wash their hands:

« Hand hygiene agents cause irritation and dryness

« Sinks are inconveniently located or insufficienhiimber

+ Insufficient soap, paper and towels
« Caregiver is too busy/has insufficient time
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« Caregivers are understaffed

« Wards are overcrowded

« Patient needs take priority

+ Hand hygiene interferes with HCW-patient relatiapsh

« Perception there is a low risk of acquiring infeatfrom patients

« Belief that wearing gloves substitutes for handiéyg

« Lack of knowledge of guidelines/protocols

+ Forgetfulness

+ No role model from superiors or colleagues

« Skepticism about the effectiveness of hand hygiene

+ Disagreement with the recommendations

« Lack of scientific information showing a definitiveapact of improved
hand hygiene on hospital-associated infection rates

Adapted from Pittet (2001), Table 1, p. S41

Both inconvenience and drying of skin may explaihywhand washing compliance

appears to increase when hospitals make alcohmdnisers readily available to staff.

4.6.3 Making sense of the cleaning results

It is also reasonable to ask why cleaning surfatesild make so little difference to
reducing incidence of MRSA, especially given thaR&A has been found to colonize

surfaces and fomites as showable 12
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Table 12. Proportions of environmental sites posiie on high contact surfaces

(from highest to lowest, on average)

Reported values are from the following articles) (Rampling et al. 2001), (B) (Boyce
1997), (C) (Sexton et al. 2006), (D) (Lemmen eR@D4), (E) (French et al. 2004).
Adapted from Dancer (2008)

(%)
Outbreak Endemic Site
estimated
Contact Surface (A) (B) (©) (D) (E) (mean)
Bed linen - 38-54 44 34 - 41
Patient gown - 40-53 - 34 - 40.5
Overbed table - 18-42 64-67 24 - 40
Average quoted 11 27 49 25 74 37
Floor 9 50-55 44-60 24 - 345
Bed or side rails 5 1-30 44-60 21 43 27
Furniture 11 - 44-59 19 - 27
Sink traps or basis fitting - - - 14 33 23.5
Room door handle 11 4-8 - 23 59 21.5
Flat surfaces 7 - 32-38 - - 21.5
Blood pressure cuff 13 25-33 - - - 21
Infusion pump button 13 7-18 - 30 - 19
Bathroom door handle - 8-24 - 12 - 14

However, recall that the systematic review prinyaaitldressed the cleaning of floors and
walls. These are areas that with which contaminhtedan hands do not often come into

contact.

4.6.4 Results from isolation and their manifestatio
applied

n when

In the case of single room isolation, the resulisp®rt that which has been observed in
Holland and a number of Scandanavian countriesis agpparent from MRSA rates

reported by Gould (2007) ifable 13
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Table 13. MRSA infection rates in the Scandinaviarountries and the rest of
Europe

Adapted from Gould (2007), table 3, p. S67

MRSA rates (%)
Netherlands 0.93
Iceland 0
Norway 1
Sweden 1
Denmark 1.7
Estonia 2
Finland 2.9
Slovenia 10
Czech Republic 13
Slovakia 19
Hungary 19
Germany 21
France 27
Spain 27
Italy 37
UK 44
Portugal a7
Romania 61

Interestingly, MRSA appears to have been brougliteurtontrol in Holland and the
Scandinavian countries, Alsbigure 45 suggests that the number&fAureusacterium
resistant to Methicillin in Denmark has dropped rotime—something which enables
infections to be treated via currently availabletildatics. The Dutch have
institutionalized a “Search and Destroy” stratetipgy place incoming patients in single
patient rooms, and use barrier precautions (capsksn gowns and gloves when entering
a room) after screening and preemptively isolappagjents that come from situations

with endemic MRSA (Vandenbroucke-Grauls 1996; Vefhet al. 1999). Remarkably,
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incidence of MRSA in the Netherlands has been ragiat to less than 0.5% (Vriens et

al. 2002).
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Figure 45. Percentage of S. aureus blood resistatat antimicrobials in Denmark:
1960-1995

Source: DANMAP Report, 1997
FromThe Lancet Infectious Diseasds Farr, B.M. Salgado, C.D., Karchmer, T.B., and
Sherertz, R.J. “Can antibiotic resistant nosocommifalctions be controlled?” 38-45,
Copyright 2001. Reprinted with permission from Eise
The success enjoyed by Scandinavian countriedurcieg incidence of MRSA has been

watched by healthcare facility operators in otheantries because it suggests that the

strategy of screening and isolation can and doek.wo
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4.6.5 Call to conduct proper experiments

Testing the tools suggests that hand washing makese difference (>= 21%),
environmental cleaning makes no difference (>=086) screening and isolation makes a

great deal of difference (>=79%) to rates of h@dgatquired infections.

But can the results be trusted?

A cursory interpretation would suggest that a fachould focus on building single—
patient rooms, ignore cleaning walls and floors @peénd only moderate energy on
asking staff to wash their hands. Is this the agppate strategy healthcare facilities

should use? Perhaps it is, but there are alsddliioits that need to be acknowledged:

(1) Despite the level of screening to which each stwehs subjected by the
systematic reviewer, very few included true randmdicontrolled trials.

(2) Buried beneath a specific quantitative result may & story attached to the
specific functioning of that facility itself. Forxample, if thorough cleaning of
walls and floors truly makes no difference to theidence of MRSA, it may be
because (a) MRSA does not colonize facility surgagk) floor and wall surface
areas are so large that any transfer of MRSA tmtisenegligible by comparison,
(c) MRSA does colonize wall and floor surfaces taty are relatively untouched
by the hands of those who might transfer coloroegd) walls and surfaces are so
heavily and frequently colonized by MRSA that arttempts to clean them are

not frequent enough to make a difference.
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My experience is that populating the chart with-gteeened evidence, as described in
Section 4.2.1.1, takes a considerable amount oftefscreening between 1000 and 4000
articles for inclusion and then level of rigor esion the availability of teams of scientists
or at least highly trained technicians. Interprgtine results must also be done carefully.
In other words, there are fundamental questionsitathee behavior of MRSA that still

need to be addressed. There are easier and m@iglegalays to answer the questions

then through screening scientific articles of dulsiguality.

For example, while it is understandably unacceptédlconduct RCTs about MRSA on
human subjects, it is perhaps ethically more aet#ptto undertake RCTs on immuno-
compromised laboratory rats or mice. Such typesxpkriments are relatively simple to
conduct. For example, an air tube connecting tvougs of mice and measuring the rate
of transmittance from infected to uninfected midkeis an indication of the strength of
MRSA transferal through air pathways. Similarly tamrt passage of MRSA via exposed
contaminated surfaces versus uncontaminated sarfacecolonized mouse skin versus
uncolonized mouse skin would presumably requirglaively simple experimental setup.
A search through the medical literature suggest these types of experiments are
currently not being done with any rigor. Why is this so? Thecpcg@ may reflect
insufficient federal research funding in recentrgear the separation between medical
practice and research, for example. Although laboyafindings are not identical to
experimentation with human subjects, they can dfstrong indication of the behavior

of a particular pathogen in a healthcare setting.
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4.6.6 Application to EBD

Designers respond to a given program, but theyalksate spaces that influence the types
of programs that can easily be realized. One wagpfmroach EBD research is to collect
examples of spaces that appear to support a patiamé¢ of recovery. Another way to
approach EBD research is identify solutions to vecp problems and then to design

spaces that support faster recovery.

Much EBD research has thus far focused on the foapproach. This dissertation has

explored one way to approach the latter.
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Chapter 5

payback period

In some instances, the cost of EBD interventaars
exceed an owner’s ability to finance them.

This chapter examines two case study projects
lowered the hurdle of first cost by applying Tar
Costing and Target Value Design.



5.0 Part Il: First cost

5.1 The Dilemma: How can EBD overcome the hurdle of
increased first cost?

5.1.1 Overview: Making Evidence-Based Design more a  ffordable

Higher quality facilities can lead to long-term tasavings. This is the underlying

assumption of Life Cycle Cost Analysis (Berry et &004; Saxon 2005). The

methodology is already being used by the sustagndbkign community to argue that
reduced use of resources, reduced operation andtenance costs, or enhanced
productivity of staff can generate a positive netsent value (NPV) of investments in
buildings (Boussabaine and Kirkham 2004; Bull 1988ans et al. 1998; Ive 2006; Kirk

and Dell'lsola 1995; U.S. Department of TranspataR002). Such attempts to bolster
the quality of decision-making based on long-teavirsgs have merit; it makes intuitive

sense that improved facility quality can lead talumed need for maintenance and
replacement over time. However, skeptics argue #hatumber of hurdles must be
overcome in order to construct a higher qualitydng. For example, the pay-now-save-
later expectation of LCCA is limited in its applihty because building owners wishing

to construct a higher quality facility are stillnsgrained by their ability to finance the
project, a reality with which they must contendespective of long-term benefits. In

other wordsfirst cost—or the capital investment cost that is expended Gacility when

it is constructed—can become a significant chaketigat may trump positive NPV

calculations (Ashworth 1993; Cole and Sterner 20@0ore 2001). Simply put, the ROI

is irrelevant if you can not afford the investmanthe capital (first) cost.
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5.1.2 Target Costing and Target Value Design asam eans to
lower first cost

Leaders of lean construction have suggested tisatcfdst can be made more manageable
if building design teams apply principles ®arget Value Desigr{TVD) during the
design process (Ballard and Reiser 2004; Macomtar 2008; Nicolini et al. 2000). An
emerging concept, the definition of TVD is in flugince TVD applies Target Costing to

building construction, it helps to first define §at Costing.

According to Cooper and Slagmulder (1997), “Tai@esting is a disciplined process for
determining and realizing the total cost at whictpraposed product with specified
functionality must be produced to generate the desired profitabdityits anticipated
selling price in the future.” It is perhaps simplasillustrate Target Costing as it applies
to product design and then highlight how Targettidgdiffers from traditional product
costing. In traditional product costing, a manufiaet may add a profit markup to a
product’s production cost to establish its sellprgce. The problem with this method is
there is no guarantee that buyers will be williogoay the asking price. The process of
Target Costing, by contrast, implements a revetestegly; the market price irst
established by determining how much buyers mighwitieng to pay (using focus group
research or looking to similar products on the regrkor example). A desired profit is
then subtracted to give product designers the twosthich they mustlesign the final

product:

Target cost = Target Price — Target Margin(Clifton et al. 2004)
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The word “must” is emphasized in the definitionT@rget Costing, suggesting that, if the
product cannot be designed and produced at thereelquoost, the project must be
abandoned (Clifton et al. 2004). This stipulatienthhe only way to ensure that the
product will ultimately be profitable. The fundant@nhidea behind Target Costing is that
customer constraints (time, cost, location, ete)cnditional for delivery of value to the

customer, and so constrain acceptable designs.

The concept of Target Costing, as applied to prodiesign, can also be envisioned

diagrammatically, as shown Kigure 46.

Target costing process
—p

Price customer is willing "‘\\Price customer is willing
to pay Sl to pay

>

Bid Price

Consultants’
Markup

Cost

Cost

Cost with Cost with

Added Markup Target Costing Added Markup Target Costing

Figure 46. Cost with Added Markup versus Target Cosng

Cost with an added markup is often used in to deter price in traditional design-bid-
build delivery systems.
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TVD builds on the above concept of Target Costing tepresents Target Costing
applied to construction rather than product desWyhile it is helpful to understand the
genesis of Target Costing in product developmehg terms used by the TVD
community differ somewhat in their meaning and uidlel four distinct components, as
defined by Glenn Ballardviarket CostAllowable CostExpected CostandTarget Cost

They are defined as follows:

Market Costis a benchmark cost; it consists of the cost peae foot that would be
expected for comparable construction projeatiowable Costrepresents the maximum
cost that must not be exceeded; if the project teanmot design to allowable cost, the
project must be cancelled because it would, bynd&fn, become financially unfeasible.
Expected cosis the estimated cost of the project in its curretate during the TVD
process; the expected cost is continually recaiedlavith each new iteration of design.
Target Cosis the stretch goal for the project, meaning mssially set below Allowable
Cost (Ballard 2009a). For clarity, these termsrapgesented diagrammatically figure

47.
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Allowable
Cost

PR Target Cost @

Expected cost

time

Figure 47. Costing terms associated with TVD

Target Costing involvesalue engineering-but performed the way value engineering
was originally intended. The dubious reputationvafue engineering is a result of
applying cost saving measures to a completed desgignoften stripping the project of
those elements that make it interesting or unigu@ sacrificing the functionality or

durability of one or more subsystems of the bugdiBy contrast, Target Costing
processes are applied throughout the design afjaqty ensuring that waste is eliminated
and value added continuously. Applying value engjimg in this way ensures that total

savings are generated and shared by each of tegsteins, as shown kgure 48.
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Figure 48. Cost savings shared by subsystems, aeault of Target Costing exercises
Adapted from Clifton et al. (2004)

5.2 TVD—Target Costing within the culture of Lean

Appendix 9.1 discusses many of the problems associated wighieal design-bid-build
delivery system, including: inter-team conflict, nstruction defects, and extensive
litigation. Because of the challenges facing thastaction industry, lean construction
officially entered the mix in 1993 when the Intefoaal Group for Lean Construction
was founded, promising a means to ameliorate mdnythese of these challenges
(International Group for Lean Construction 2009)heT Appendix introduces

fundamental concepts informing the lean constragbimcess.
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Lean construction has already attained considersibbeesses, as is evidenced by the
burgeoning numbers of industry and academic ppdits in lean construction
organizations such as the Lean Construction Institilne International Group for Lean
Construction, and the Project Production Systemsotagory (International Group for

Lean Construction 2009; Lean Construction Instiz89; P2SL 2005).

TVD has emerged from a culture of lean and learsttoation was the delivery method
of choice for the case study projects documentethigr chapter. Therefore, discussion
about Lean Construction has been included to peoddnecessary backdrop for the

discussion that follows.

TVD is Target Costing adapted from product develeptifor construction. Since Target
Costing central to TVD, this section will now focus the emergence of Target

Costing—a practice central to TVD.

Target Costing was defined, as the term is usepraduct manufacturing, isection
5.1.1.2 Once the price a client is able and willing ty pas been established, the design
team subtracts a reasonable profit markup. In giodesign, the remainder is called the
Target Cost—the project cost to which a design teanst aspire and never surpass.
However, terms such as “target cost” have assunddlatly different meaning within

the lean construction community.
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In 2000, Nicolini et al. published one of the firesearch papers on Target Costing for
the construction industry. The authors argued s$ke#ing a price by adding a markup to
costs, as is often done on traditional design-hiddbsystems, is problematic—and not
only because it generates projects that exceei@rat’slcapacity to finance it; the method
also set suppliers and service providers agairestothiner, removing any incentive to
streamline costs early on. The authors argue thabgenly establishing constraints
upfront and engaging participants in a collabormtielivery process Target Costing, by
contrast, encourages participants to work in tret lgerest of the project itself (Nicolini

et al. 2000).

Clifton et al. (2004) published a workbook-stylett®mok on TVD with recommended

workshops to help transform the traditional cultoféendustrial designers and engineers

5.2.1 Prior experiments in Target Costing

Soon afterward, Ballard and Reiser (2004) publisiesdlts following the Target Costing

exercises of the Tostrud Fieldhouse at St. Olafle@el in Minnesota. The authors
compared the project duration and cost per squaedf Tostrud with that of a similar

project. They credited the savings obtained in pihgect budget and schedule to the
Target Costing process used by the tedngure 49). Because Target Costing is
consistent with lean philosophy and because it eayiBallard and Reiser incorporated
Target Costing into lean construction methodologyh& point. In fact, several papers
have since appeared on Target Costing irPfleeeedings of the International Group for

Lean ConstructiorfGranja et al. 2005; Robert and Granja 2006). kanmple, Granja et
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al. (2005) related Target Costing to the procedsaer—or continuous improvement—

a process fundamental to lean construction, agalneady been discussed.

St. Olaf Fieldhouse | Carleton College Recreation Ctr
Completion Date August 2002 April 2000
Project Duration 14 months 24 months
Gross Square Feet 114,000 85,414
Total Cost (incl. A/E & | $11,716,836 $13,533,179
CM fees )
Cost per square foot $102.79 $158.44

Figure 49. Comparison of two similar projects usinglifferent project delivery
systems

The St. Olaf Fieldhouse was constructed using Tagsting and resulted in a lower
cost per square foot and shorter project duratian s comparable project.

From Ballard, G., and Reiser, P. (2004). "The $4f Qollege Fieldhouse Project: a Case

Study in Designing to Target CosL2th Annual Conference of the International Group
for Lean ConstructionElsinor, Denmark, 234-249. Reprinted with permoiss

The Project Production Systems Laboratory at thevéssity of California, Berkeley,

published a current best practice guide to Targsti@g in November 2005 (P2SL 2005).

The recommended process steps were:
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1. The client evaluates the business case and desldsker or not to fund
a feasibility study.

2. The feasibility study involves all key members (dasrs, constructors,
and client stakeholders) of the team that will\lithe project if the
study findings are positive.

3. The client is an active and permanent member optbgct delivery
team.

4. The feasibility study produces a detailed budggnald with scope.

5. All team members understand the business caseakehslder values.

6. A cardinal rule is agreed upon by all performehg: Target Cost cannot
be exceeded.

7. Cost estimating and budgeting is done continuo(igy, “over-the-
shoulder estimating”) through intimate collaboratlzetween design
professionals and cost modelers.

8. The Last Planner system is used to coordinatedti@na of team
members (the Last Planner will be described iniGe&.1.5.2).

(P2SL 2005)

Of note is Item 4 that recommends that a feasjbdiudy be produced to provide a

detailed budget aligned with scope.

Meanwhile, P2SL tested Target Costing processetsvoradditional projects: the ARC

Project, completed in 2005, and Shawano Clinic,meted in 2006 (Ballard 2009b).

The term TVD began to enter the literature when dfalger et al. (2005) used it to refer
to Target Costing in construction. The authors ighield a list of seven foundational
practices in TVD and then updated that list to udel nine (Macomber et al. 2008).
Macomber et al. reinforced the importance of cardlly designing to a detailed estimate
and stated this in Item 3. The practices suggdsgddacomber et al. are listed Table

14.
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Table 14. TVD foundational practices
From Macomber et al. (2008)

D

1. Engage deeply with the client to establish thegakglue Both designers and clients shar¢
the responsibility for revealing and refining comee for making new assessments of whg
is value, and for selecting how that value is poatl Continue engaging with the client
throughout the design process continue to uncdi@rtconcerns.

2. Lead the design effort for learning and innovati&mxpect that the team will learn and
produce something surprising. Establish routinegteal what is learned and innovated i
real time. Also expect that surprise will upset ¢hierent plan and require more replanning.

3. Design to a detailed estimatdse a mechanism for evaluating design againgbulkget and
the client’s target values. Review how well you ackieving the targets in the midst of
design. When budget matters, stick to the budget.

4. Collaboratively plan and replan the projetise planning to refine practices of coordinating
action. This will avoid delay, rework, and out-afegience design.

5. Concurrently design the product and the procestessign setsDevelop details in small
batches (lot sizes of one) in tandem with ¢hstomergengineer, builders, owner, users,
architect) of the design detail. Adopt a practitaaepting (approving) completed work a
you design.

6. Design and detail in the sequence of the custorherwill use it This maintains attention
to what is valued by the customer. Rather thangieinat you can do at this time, do what
others need to do what they need to do next. Elaidd to a reduction in negative iterations.

7. Work in small and diverse groudsearning and innovation arises socially. The grou
dynamics of small groups—eight people or less—iseno@nducive to learning and
innovating: trust and care for one another arebéisteed faster; and communication and
coordination are easier.

8. Work in a big roomColocating design team members is usually thedgson. Design is
messy. Impromptu sessions among design team meitgeasnecessary part of the process.
So are regular, short codesign sessions amongugasjzecialists working in pairs.

9. Conduct retrospectives throughout the procésske a habit of finishing each design cycl¢
with a conversation for reflection and learning: &n the side of having more
retrospectives, not less. Use plus/deltas at tHeoémeetings. Use more formal
retrospectives that include the client at the dnidtegration events. Instruct all team
members to ask for a retrospective at any timen @hey just have a hunch that it might
uncover an opportunity for improvement.

—

Ur

Then in 2008, Ballard outlined the key steps prsjegere taking during P2SL TVD
exercises, as shown kigure 50. The Ballard diagram illustrates TVD as part o th
overall project delivery process. It is interestitmgnote the reconceptualization of an
independent Project Definition phase which involessblishing the allowable cost and
target cost. The eventual need to create a sepphaige makes sense because, to be
successful, TVD relies on an accurate understanafitige Owner’s financial capabilities.

Recall that, unlike a traditional design-bid-buildlivery system which presents an owner
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with a price after design parameters have alreadn lestablished, Target Costing first
establishes the allowable price an owner can af@tdwable cost); then the design team

resolves not to exceed it.

r» Pre-project Planning 41

conform

A

Project Definition | Estabiiy

l«— ¢ allowable cost

e Business Planning o target cost

e Plan Validation

conform

DeSIQn || Design to:

\«— ¢ allowable cost

e Design Development o target cost

e Detailed Engineering

conform conform
Permitting —
conform
Construct to:
Construction < ° allowable cost
o target cost
conform
A 4
Commission/Turnover —

Figure 50. The TVD process as developed by P2SL.
Adapted from Ballard (2008).
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5.2.2 Case Study 1: Medical Office Building in Fair  field, CA

5.2.2.1 Project overview

In 2005, civil and environmental engineering prefes, Glenn Ballard and Iris
Tommelein founded the Project Production Systenmotatory (P2SL) at the University
of California, Berkeley. P2SL facilitated the apggliion of Target Costing to several
projects financed by the hospital network, Suttealth, including a three storey, 69,000
SF medical office building in Fairfield, CA. | wa@st exposed to Target Costing
methodologies as an observer on this project, béggnin January 2006. Most Target
Costing meetings included representatives fromfotlewing participants: the general
contractor (the Boldt Company), the architect (HB®%.), the mechanical contractor
(Southland Industries), the electrical contract®ogendin Electric, Inc.), and the
financing organization (Sutter Health). The ownerl&presentative continually re-

estimated the cost of the project as the designgdthand deepened in detail.

5.2.2.2 First-timer resistance & the Tesmer Diagram

The owner had no prior experience with Target @gstit is therefore not surprising that
TVD was challenged only three months into the egerdBecause TVD requires bringing
professional consultants onto a project team eanly(a practice which differs from

traditional design-bid-build delivery), the owneedan receiving professional service

invoices earlier than they had anticipated. Alée, ¢stimated cost of the project, at that
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time, was higher than the owner’s allowable coker€ was talk the owner might cancel
the Target Costing exercises and revert to trathtiqproject delivery methods. In a
dramatic moment, Mike Tesmer, Director of Precargion Services, Boldt Company,
and facilitator at the Fairfield meetings, calmiypkained to the owner’s representative
that while early estimates of most design-bid-bpildjects tend to be low, the costs later
increase as details are added to the design. ByasbnTesmer argued, the high estimates
on the Fairfield project would likely drop over enibecause the team could minimize its
contingency fund as more design details becamkedeEurthermore, he added, having a
fully loaded professional team early in design wioallow progressive value engineering
trade-offs to take place. To stress his point, Terssketched a diagram on the board and
explained how the two project delivery systemsedédtl. Tesmer’'s diagram has been

reproduced irfFigure 51
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Figure 51. The Tesmer Diagram
(Tesmer 2006)
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5.2.2.3 Results of estimated cost saving due to Tar  get Costing

The estimated costs of the Sutter Fairfield propestreased steadily over the course of

collective design, as shown kigure 52
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Figure 52. Project estimates, over time, for the Ster Fairfield project

One of the most exciting aspects of the Sutterfieldr project is that construction is

already complete. In the end, although the prdieain had set an $18.9 million target
(14% below the original $22 million market costbmnchmark estimate), the actual cost
came to $17.9 million (19% below the market cosbemchmark estimate). The reduced
costs the team had estimated during Target Coktidjtrue during actual construction.

The owner declared the project a success.
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Development of the Fairfield project was so sudtésseven from the general

contractor’'s side—that Boldt Construction authoitsdown in-house case study so that
future employees could be trained in Target Costirgghods (Toussaint and the Boldt
Company 2008). In a report to the Construction stduinstitute and later in a summary
paper to the International Group for Lean ConstomctBallard et al. (2007) included

Target Costing as one of the key practices recordegtwhen engaging a project team in
Lean Construction methodologies. In their desaiptof Target Costing, the authors
indicate the need to “align project scope, budget schedule to deliver customer and

stakeholder value.”
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5.2.3 Case Study 2: Healthcare Facility in San Fran cisco, CA

5.2.3.1 Project overview

By the end of 2008, Target Costing had been suftdbsgested on projects costing less
than $20 million. In lean construction, it is custary to experiment with ideas using first
run studies before scaling up to costlier projedthile Target Costing had been used on
such smaller projects, their stories have not edirbtold in detail. This chapter captures
some of the nuanced methodologies used during T&uagting so these methodologies
can be replicated and improved during future ptsjeleast Target Costing projects have
also not included the level of rich complexity tiesicompasses the more comprehensive

version of Target Costing—TVD.

5.2.3.2 Role of researcher within larger P2SL effor t

This chapter describes and analyzes a TVD exeitteédavas a collective brainchild of Dr.
Glenn Ballard, co-founder of the Project Product®ystem Laboratory (P2SL) of UC
Berkeley, and industry supporters of P2SL itseliexplores TVD of the Cathedral Hill
Hospital (CHH) project, a 555-bed, 912,000 BGSHaaare women’s and children’s
facility. This case study segment describes sontbeokey methods used by the project
team to implement TVD, as well as the preliminagguits of the TVD as of the time of

this writing.

The CHH project is the subject of simultaneous ysialby several doctoral students, and

so has been studied relatively well. For examplendgiNguyen examined the project’s
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use ofBuilding Information Modeling (BIMand its role in Integrated Design Delivery
(Nguyen et al. 2009), Farook Hamzeh documented stnatleties ofLast Planner
Scheduling(Hamzeh 2009), and Kristen Parrish addressed thedoies ofset-based
designexperimentation (Parrish 2009). Each researcherskd on a different facet of a
metaphorical chiseled “diamond” called CHH. Whilésinot useful to duplicate the work
of my colleagues, | am referencing their work sat thnyone who wishes to more fully

understand the nuances and complexities of the @idléct will be able to do so.

As mentioned irBection 2.4 my observation of Target Costing and TVD begath \he
Sutter Fairfield project, a 69,000 SF, three-stoadical office building in Fairfield, CA.
For approximately six months in 2006, | joined preject team for their biweekly—and
later weekly—Target Costing meetings at the prégekairfield headquarters. Because,
prior to this time, Target Costing was a relativehtested design strategy within the lean
construction community, the sometimes lengthy mestirepresented early efforts to

define the very meaning of Target Costing in carciton.

Several key concepts emerged from these Fairfieletimgs. One of the most fascinating
was the development of the Target Costing diagram|llustrated by Boldt project
manager Mike Tesmer—referred to as the Tesmer aliagnd discussed more fully in

Section 5.2.2.2

By the time the CHH TVD exercises began in 200%, Tlarget Costing process had

matured considerably and the client, Sutter Healts more experienced and confident
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in the process. The concern describe®attion 5.2.2.2hat had threatened the Target
Costing process in the Sutter Fairfield project waslonger an issue by the time the

CHH Project came around.

Instead of following the project as a longitudioéservational study as | did with Sutter
Fairfield, | visited the CHH project periodicallp tspeak to the project estimator Paul
Klemish, to attend “Big Room” meetings, to obseluélding envelope cluster group
meetings, to informally interview several memberfs tbe CHH project team, to
photograph details of posted graphics of the fig¢ito monitor the group’s communal
website, and to engage in discussions with twohef project’'s full time observers,

Farook Hamzeh and Hung Nguyen, about their obdensategarding the TVD process.

5.2.3.3 Inclusion of Evidence-Based Design interven  tions in project

Some Evidence-Based Design interventions demangjleetfirst cost. Therefore the
purpose of this chapter on TVD is to make the higl#ue offered by Evidence-Based

Design recommendations financially feasible.

The California Pacifica Medical Center (CPMC)—afliate of Sutter Health—were the

owners of the healthcare facility selected for tbése study. Decision-makers for the
CPMC project, called Cathedral Hill Hospital (CHHpired to the values espoused by
Evidence-Based Design proponents. In fact, theepatentered care mission of the
project was posted prominently on a wall of the Cplidject team office and has been

reproduced irFigure 53. While not all EBD interventions necessarily costre than a
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facility designed without them some—such as priva@gient rooms—most likely do.

Therefore, the need to be able to meet a heighti@nsédost is very real.

California Pacific Medical Center
Cathedral Hill Hospital

California Pacific Medical Center is committed tgision of healthcare for our community that will
encompass a new state of the art facility and progrthat will fulfill our mission of Clinical
Excellence, Education, and Research.

The patient and family experience comes first:

+ Patient-focused care

« Private patient rooms

« Accessibility and ease of way-finding

» Comfortable and varied environments

« Healing environments with natural light

- Visitor hospitality lounges on each floor

« Private medical consulting rooms

« Pleasant dining areas

- Awareness of diversity of cultures

« Parking convenience

- Efficient intercampus transfer and mobility
« One stop registration for all OP [operations]
- Easy access to emergency services

« A design that focuses on the patient

« Physician and staff friendly

« Sustainable

+ Cost efficient and constructible

Figure 53. Contents of sign posted in CHH projectffice

It was assumed that the cost saving successesiengeat during prior Target Costing
exercises could and would be repeated with CHH—ahmlarger project. Unlike the
Sutter Fairfield project, which used the term “Tetr@osting” to describe their delivery

process, the CHH team used the term “Target Vaksdh” or “TVD”.
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5.2.3.4 Role of Action Research

Because the practice of construction Target Cosingtill developing and because
implementation requires participation and explamtby all members of the project team
(Greenwood et al. 1993), it was decided that actesearch was the most appropriate
methodology to use for research of this natureiofictesearch can document a single
project, but differs from more familiar case studgearch in that “the researcher is not an
independent observer, but becomes a participadtifr@nprocess of change becomes the
subject of research” (Benbasat et al. 1987; Westbi®95). Although my role was one
of a case study observer, the project itself canthoeight of as an action research
experiment because new ideas were continually destgd as they emerged throughout

its duration.

5.2.3.5 Role of Integrated Form of Agreement

Construction contracts that subordinate the interesSone party to another or distribute
risk unevenly are common in the construction induahd have been blamed for high
levels of distrust and litigation. Conversely, wharcontract supports risk sharing, as
does a relational contract, individual parties tdfgrtheir own interests with that of the
project (Koskela et al. 2006; Lichtig 2006). The iEdroject team members were legally
bound by a relational contract specific to Lean €arction called amntegrated Form of

AgreementIFOA).

One example of how the IFOA is written to favor teod of the whole over the parts is

the way in which the contract allows budget allawa to flow across organizational
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boundaries in search of the optimal life cycle dasestment. For example, in the left

diagram ofFigure 54 all subsystems share in cost-savings equallyrigeaat the final

total target cost. By contrast, the diagram attraggmonstrates that, although Subsystem

6 turned out to require additional funds the renmginfive subsystems adjusted

accordingly to ensure that the overall project cestains the same.

100 —

90 —+

80 —

70 4

60 —

50 —

40

30

20 +

10

Current View
of Product's Cost

Cost
Reduction
Objective

Subsystem 6

Subsystem 5

Subsystem 4

Subsystem 3
Subsystem 2

| Subsystem 1

Current View
of Product's Cost

Cost
Reduction
- Objective
Target Cost I S

Subsystem 6

Subsystem 5

Subsystem 4
Subsystem 3

Subsystem 2
Subsystem 1

Target Cost

From Clifton et al, Target Costing: Market-Driven Product Design, figure 5.2, p. 73

Figure 54. Fluidity of funds across subsystems

Cost savings may be equal (left) or unequal (ripktyveen groups.
Adapted from Clifton et al. (2004)

Specific values from the CHH project and its graphirepresentation are included in

Figure 55.

Page 148



Total

Amount owver (or under) target cost

Amount

over

(under)

budget

(%)

Tablel Structural (6,927,449)

2 Plumbing (5,126,330)

3 Project Requirements & Escalation (3,762,486)

4  General Requirements (3,677,507)

5 Electrical (1,238,442)

6 Fire protection (290,644)

7 Building Sitework (46,015)

8 Conveying Systems 160,934

9 Mechanical HVAC 1,711,316

10 Exterior Enclosure 4,419,058

11 Interiors 10,952,179
Construction Cost (3,825,386)

Cluster group

TOTAL

Figure 55. Example of fluidity of budget across clster groups with CHH
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The IFOA also reflected the equalitarian spiriledin. Trade contractors were referred to
as ‘trade partner§to more accurately reflect their role as integrahtributors during the
preconstruction and construction phases of Targstidy exercises. All existing team
members and trade partners were permitted to ietervnew members under

consideration and were permitted an equal voicanduhe hiring process.

The IFOA contract was utilized throughout the CHidject.
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5.2.3.6 Role of Co-location

To maximize collaboration, team members physicatijfocatedto the same office floor
(Figure 56) during design of the CHH project. The co-locatedm included the
contractor, as well as representatives from theham@cal, plumbing and electrical (5
days/week), curtain wall, architectural metal panshoring, elevator, drywall, structural
steel and concrete trade partners (2-3 days pek)wd® enhance communication,
members from a single company sat in multiple gspujpr example, architectural
representatives sat in the sustainability, plannirxterior enclosure, interiors,

administration and technical architect groups (K&m2008).

HVAC/Plumbinc Electrica Structura

Exteriol
Enclosur

: . ”= "1 ':: 1 - === '.‘li-‘wl;-?wlw'w:l"uw?ww“ ’..£
1 [l & BEl 4 i L1 Technica
5B ™ Architects
Planning

BIM Champion: Administratior Interiors Sustainabilit

Figure 56. Cluster groups physically co-located othe same floor
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Although the advantages of co-location may seemitinély obvious, the amount of time
that can be saved by situating team members withlking distance of other members’
desks can be surprising. For example, in the swienkdiagram shown ifrigure 57,

information that travels from party to party viareil or fax may sit in a member’s inbox
or in-tray for hours or even days before being pssed by the receiving party—time
which can be classified as “waste”. This time lagriinimized when members are co-

located or rapidly conversing in a “Big Room” apnesented biFigure 58.

ENGINEER

CONTRACTOR

SUBCONSTRACTORS

w = waste

Figure 57. Communication without co-location
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ENGINEER
i i
I .

Figure 58. Communication between team members wher-located

5.2.3.7 Structure of CHH project delivery process

TVD is the practice of setting and designing togéss and providing feedback on
achievement. Last Planner is a management systentordinating action toward
achieving project goals. Set Based Design is aesfyafor designing and structuring

design work, in terms of sets of design, their exabn and selection.

As has been mentioned previously, the CHH TVD pgedeok place within the culture
of lean construction. In other words, while TVD wasderway, coordination using Last

Planner was taking place concurrently. The tearigded to client value using Set-Based
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Design, as well as its accompanying tools, withicudure of continuous improvement,
while acknowledging and responding to price anddalke constraints. The TVD process
enabled the team to respond to price constrairddla Last Planner system to schedule
constraints. The delivery process was envelopeatidgupportive legal framework called
the Integrated Form of Agreement (IFOA)—a typea&tional contract specific to Lean
Construction (Integrated Project Delivery Team 20@5 described isections 5.2.3.5

and5.2.3.8.2

The structure of these inter-relationships is diaggd inFigures 59-60 | have used

terms specific to Lean Constructionkigure 59. For clarity, the terms are replaced with
functional descriptors ifrigure 60. The term “pull™—which describes a methodology
used during lean construction to describe a protesis begins at a goal and works

backward—is described extensivelySactions 9.1.5.4nd9.1.5.2
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CHH Project Delivery

Last Planner

~_ 7

Set-Based Design

Design to Client Value
within culture of

Continuous Improvement using tools

such as Choosil-By-Advantage

................... Y IFOA

Figure 59. Structural overview of the CHH project celivery using Lean
Construction Terminology
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Project Delivery

Pull Pricing Pull Scheduling

~_

Design Engine

Design to Client Value
within culture of
Continuous Improvement

\ Relational Contract

Figure 60. Structural overview of TVD using Functicmal Descriptors
(as practiced by the CHH project team)

TVD, as practiced by the Cathedral Hill Hospitabjpct, consisted of a metaphorical
Design Engine answerable to two key constraint&zePand Completion Date. To help

the design teams respond to these two constraiv@steam met regularly in full team

TVD and Last Planner meetings.

Ultimate price constraints and scheduling constsawere determined during Plan

Validation. Once these constraints were establisith@dhs the role of the project team to
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brainstorm ways to collectively meet client valuéhim the boundaries of these two
constraints. The project team members generateab idedividually, during informal
meetings at the project office site, within clusggoup and committee meetings. They
posted alternative (set-based design) ideas owalis of the project office and discussed
the financial and scheduling implication of thodeds. They used a decision-making tool,
Choosing-by-Advantages (Parrish 2009; Suhr 1999nwHeciding between critical
alternatives, and used Building Information Modgl{{BIM) to estimate constructability
alternatives (Nguyen et al. 2009). An environmeiht@an was cultivated. As soon as
new team members joined, they were initiated i@ fean way of thinking through
group discussion of the Toyota Way. Ideas wereigoally discussed and improved; this

reflected the lean ideal of continual improvement.

Responding to the two key constraint alignment @sses: Pull Pricing and Pull
Scheduling, took place once per week, each, in‘Big Room” meetings. The term “Big
Room” has too meanings in lean thinking. It referghe practice of co-locating teams
and to bringing together team members in large gmoaetings. Pull Pricing usddrget
Costingstrategies (Cooper and Slagmulder 1997); Pull @divey used thé.ast Planner
System of Production Controhethod (Ballard 2000a). Engaging pull systems estsur
the project team would be able to meet both thenalble cost and the final delivery date.
Because they require different skill sets, the tyges of “Big Room” meetings were
facilitated by different individuals on the CHH ppeot. The project estimator, Paul
Klemish, facilitated TVD meetings and Andy Spardp#firtual Design and Construction

Specialist, facilitated the Last Planner meetingse temporal relationship of the “Big
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Room” constraint alignment meetings (i.e., TVD dmabst Planner) to Design Engine

(Cluster Group) meetings is illustratedrigure 61.

Pull Pricing: Pull Scheduling:
Target Costing Last Planner
(“Big Room”) meeting (“Big Room”) meeting

O Design Engine: °® Design Engine:
Cluster Group meeting Subcommittee meeting

Figure 61. Structure of TVD exercise

Arrows indicate information flows iteratively frooluster group to big room meetings
and back again

5.2.3.7.1 Role of multi-sized meetings

The Target Costing process is meeting intensivenag be apparent fromigure 61

The project team met inlag roomfor approximately two hours each meeting, two sme
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per week—once for a Target Costing exercise ane dac a Last Planner exercise

(Ballard 2000b; Hamzeh et al. 2008).

Planning and preplanning of individual parts of gieject were generally accomplished
during cluster groupand subcommittee meetings. Each cluster group asagned its

own target cost to meet. Value engineering chamgesmmended by one group were
circulated to all others to determine the cost iogtlons on the entire project. Cluster
Groups for this project included structural, MEPe(hanical, electrical and plumbing),
exterior skin (architectural enclosure), interiompject requirements, site work, and
conveying systems. In addition to meeting with éméire project team twice weekly as
previously described, Cluster Groups individuallyetm2-3 hours per week; these
meetings were scheduledt to overlap, so that team members could attend Ghester

Group meetings, as needed. Representatives fromgke £ompany were members of
multiple Cluster Groups. Additionally, @ore Groupmet weekly, and included executive

representation from the owner, architect, contraghal concrete trade partner.

To benchmark the team’s progress toward its tacgst goal, the estimating manager
weekly presented a current estimate plot so the#eetdam could monitor its current
position vis-a-vis the target cost, as showrsattion 5.2.2.3Material escalations were
updated every 6 months and labor escalations el/2rgnonths. Target Costing goals
were established for each building subsystem tavaiet each Cluster Group to develop

innovative and unique cost saving opportunities.
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Each group was permitted to use its own methodsptiate estimates. For example,
although the structural engineering group useddimgl information modeling (BIM) to
regularly update its estimates, the architectureugrused 2D electronic estimating

methods.

Cluster Groups updated their estimates every 3 sveBlaul Klemish, the Project

Estimator, updated the project estimate weeklgtiect the total Cluster Group inputs.

5.2.3.7.2 The Design Engine: Set-Based Design & Con tinuous Improvement

Set-based desigs a process in which design alternatives arenddfand communicated
between all disciplines, and choosing a singlerradtieve is done at the last responsible
moment. This occurs at each level of design dewedoy; from concept to detailed
design (Parrish et al. 2008a; b). The process eglthe waste that accompanies negative
iteration—iteration that does not add value todbesign. Cluster groups used A-3 sized
sheets of paper to document and post—for all toasekevaluate—design alternatives

they recommended the owner adopt.

Although the project maintained a central intrasié¢ with current drawings, updated
drawing sets were regularly printed and postedesighated walls at the project office to
reduce the waste and confusion that sometimes ®aehen individual team members

print their own sets.
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Photographs of set-based design alternatives postede CHH project office walls, as
well as images capturing the intensely graphic neatd Lean Construction are included

in Appendix 9.2

As explained inSection 9.1.6.1 a plus/deltaexercise was used following meetings to

ensure a spirit of continual improvement.

While this section presented an overview of the TiMDcess, the following sections will

explore many of these processes in greater detail.

5.2.3.8 Structure of TVD processes

5.2.3.8.1 Role of plan validation & setting the tar  get price

An earlier attempt to design the Cathedral Hill pitd to budget failed. The cost
reduction headway made on the earlier Sutter eddrfproject made Sutter corporate
more willing to repeat its Target Costing experitsewith the CHH affiliate. In fact,

David Long, Senior Program Manager and Lean Coatdim represented Sutter Health

for both the Fairfield and CHH projects.

As he had done with the Fairfield project, Glendl®8d, Adjunct Associate Professor at
UC Berkeley and Research Director of P2SL, initatiee Target Costing exercises of
CHH. However, instead of being called Target Cagtithe exercises were now
christened as Target Value Design or TVD—a term treup felt was more

representative of the comprehensive nature of xeeceses. Learning from initial pricing
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errors experienced during the Sutter Fairfield gebjthe initial price had been generated
from rough estimates rather than through systenaatitysis), Ballard urged the group to
engage in an early pricing process knownPdan Validation Although similar to
preparation of a business plan, plan validatiomigh more participant-inclusive than a
traditional business planning process. Like thé o#SVD processes, plan validation is
an extension of Integrated Project Delivery (IP&)jcuracy of estimating is improved by
virtue of the fact that so many knowledgeable irdlials—architect, engineer, contractor
and critical trade partners—are included in paghigx with the owner during price
planning (Klemish 2009). Nevertheless, althoughplaa validation process used on the
CHH project was helpful and more rigorous than psses previously implemented on
P2SL projects, it still lacked the rigor of derivet from an operations cost model.
Noting that the rigor of plan validation needs ® dénhanced is one example of how
construction processes benefit from a lean philogofhat is always in search of

opportunities for continuous improvement.

To recall how plan validation sits within the TVDogess, it may be helpful to refer back
to the flow chart depicted ifrigure 50. A flow chart depicting the Plan Validation
process alone was developed by Ballard (2006) srmtasented ifrigure 62 For the
Project Definition phase of the CHH project, theg& cost was established during an

extensivebusiness planningnd was followed by a four monliusiness plan validation

Page 162



Project :

Business :4
Plan
|

—=-

s

Kickoff Workshop:

Review ends, Means and Constraints
specified in the Project Business Plan

User Group Infrastructure Site Location
Meetings Meetings Meetings

Values Workshop

Design Workshop

Constraints Workshop

Alignment Workshop

Once ends, means and constraints align, ask:
Do they align with Business Plan?

submit resubmit to
recommendation — —  business
to fund project plan

1

Set Allowable Cost to cost budgeted in business plan
Set Target Cost to below Allowable Cost (i.e. stretch goal)

Figure 62. The project validation process.
Adapted from (Ballard 2006)
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According to recollections of the project estimatBaul Klemish, the project’s
functionalities and capacities were inherited framearlier unsuccessful design attempt:
a 1.4 million SF hospital co-designed by archit&@M, the Smith Group and SMW.

The first design attempt failed and the originasige team was disassembled; a budget
of approximately $911,000,000 was then establighethe owner after the project had
been resurrected. The owner then hired a new grajebitect; it was the Smith Group,
as before, but this time, the Smith Group only. Twener required that 90% of the
previous program fit into an area that was now @3@,SF—approximately 60% of what
it had previously been. After the cost of the pagkgarage ($40,000,000) was subtracted
from the $911,000,000, a total of $871,000,000 reath The new cost per square foot
was therefore $871,000,000 / 858,000 SF or $1015/8k escalation. In other words,
the client required the new project team to devedofiesh design for the same total
allowable cost but that was more dense (i.e., malés/SF, more doors/SF, etc.) than the

previous hospital.

In order to determine how the $1,015/SF price caegbéo other projects built in the San
Francisco Bay area, project estimator, Paul Kleprosltained prices from peer estimators
of other hospitals in Northern California. Klemisbcalated these other hospital prices to
current costs (2 quarter of 2009), and applied cost adjusted facuch as a high-rise
factor, or a geographic adjustment, so that pefansacramento-based, or North Bay
projects could be converted to San Francisco-baemstls, to create a market cost
benchmark. Klemish also removed the cost of owmeviged items that had been rolled

into the $1015/SF cost of the CHH Project (e.g.didal equipment, cabling, pneumatic
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tube systems, sitework or parking). Once thesestemre excluded, a cost of $719/SF

remained and a reasonable apples-to-apples compaasild be made (Klemish 2009).

Deleting high and low outliers, Klemish obtained afjusted average market cost of
$753/SF for similar projects. He then plotted theginal estimate value of $719/SF
against the average adjusted market cost. Aftgegrgalidation, an allowable cost target

of $654/SF emerged. These values are represenkgguire 63.

® $ 719/SF Original Estimate

e $ 654/SF Allowable Cost

Figure 63. Setting the Allowable Cost

The original estimate was already below the Averagdjisted Cost, and the Allowable
Cost was set below the Original Estimate (Klemie@9)

The allowable cost target turned out to be 13%wet@rket cost/SF and 10% below the
original estimate, and it gave the team a goal ¢éethor even beat. This allowable cost
target was based on the owner’s ability to finatiee project, coupled with a desire to
extend below market cost/SF. A target cost—or dtrgfoal—was later established to
surpass the allowable cost target. It is worthestfhg again on the Tesmer Diagram
shown inFigure 51 It is not only unusual for a project’s costs toglduring the design

process, the normal expectation of an owner anpegirteam is that costs will increase
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over time. Therefore it only made sense to setllawable cost target after it had been

shown to be reasonably achievable (i.e., reinfgrtne need for plan validation).

The relationship between these values and the T@uaging process will become more

apparent irBection 5.2.3.9hat presents the final results.

5.2.3.8.2 Motivating team to undertake Target Costi  ng: the IFOA

As was introduced itsection 5.2.3.5the TVD processes of CHH were protected by a
relational contract, called almtegrated Form of Agreemen& collaborative contract
drafted by attorney and shareholder with McDonodghand & Allen, Will Lichtig. The
contract is structured to motivate sharing of askl rewards between parties. There were
two separate incentive plans; the first was stmectio motivate team members to reach
allowable cost, the second was structured to migtiteam members to push for

additional savings beyond allowable cost.
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Incentive plan to meet
> Allowable Cost
(detail inFigure 65)

Allowable Cost

Project cos

Incentive plan to reach
below Allowable Cost
(detail inFigure 66)

v

Time

Figure 64. Two different incentive plans were usetb motivate team members to
design to save on cost

Ninety percent of the parties elected to parti@patthe incentive plan (Klemish 2009;
Nguyen et al. 2009). For those that did, the cantrzotivated team members to meet the

allowable cost as follows:

Meeting the allowable cost was a critical goalle#f TVD exercise. To motivate parties to
achieve this, each trade partner was given thewomf signing onto an incentive plan
that put at risk a specified percentage of thegcpnstruction fixed fee (Integrated
Project Delivery Team 2007). This amount was depdsnto an At-Risk Pool, as shown

in Figure 65.
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Figure 65. Remunerative fee structure
Incentive plan designed to motivate team membersaoh Allowable Cost.

The plan stipulated that, if the allowable cost evenet, all parties would receive the
amount that was deposited. If it were not met,atgsk pool would be used to repay the
owner. However, in order to help the team to tmylaborate and collectively focus on
benefits to the project rather than on optimizihgit individual roles, team members
would not be held liable for damages and claimexicess of the amount deposited in the

at-risk pool (Nguyen et al. 2009).

Interestingly, the client wished to achieve additibsavings of $70,000,000 even after
the allowable cost was attained. The difficulty widmat most trade partners were
compensated as percentage (between 5-10%, varyitrgde) of the project direct cost.
Because of this, any further savings the team gldar the client would lower each

trade partner’s profit (Klemish 2009). Recognizihg conflict of interest this presented
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to the trade partners, the client froze profits@sn as the allowable cost of $911,000,000
was reached. Freezing profits has become a stafelaiute of Target Costing projects
because if profits are not frozen, the incentivdidrade partners to increase rather than
decrease costs. By contrast, when profits are fyazeery additional drop in project cost
increases each trade partner's percent profit—affethem the opportunity to report
higher profit margins to share holders. The cont@so presented a further profit
incentive: for every additional specified incremém team lowered the cost, the savings
would be shared between the owner and the pr@gaat,tas shown iRigure 66. While

the actual amounts are considered confidentialfHferpurpose of illustration | have set
this specified increment at $10 million. For exaepdior the first $10 million drop in
project cost, 95% of the profit went to the owne&id &% to the team, to be split
proportionally among them. Additional savings inO$million increments brought
additional profit to each trade partner; the né&atfwas that each team could increase its

profit (Klemish 2009).
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Allowable Cost

$ 10M

$ 10M

$ 10M

$ 10M

$ 10M 20% / 80%

Figure 66. Remunerative structure beyond AllowableCost

Incentive plan designed to motivate members tddipwAllowable Cost. Sample
incentive plan based on the concepts at CHH; actwraimercial terms are withheld for
reasons of confidentiality.

One of the keys to TVD is to re-estimate the cdshe project every week as the design
is modified and increases in detail. Early in thejgct, re-estimation was almost the sole
task of CHH project estimator, Paul Klemish. Howe\as designs increased in detalil,
almost all estimate revisions were performed by titaele partners themselves and
supplied to Klemish for compilation (Klemish 2009Yith the CHH project, a declining-

cost-over-time chart was projected at each TuesdByD meeting.

5.2.3.8.3 Adjusting the Allowable Cost to accommoda  te scope changes

With the Cathedral Hill Hospital project, the cadid not always decrease. This is
because the owner added scope to the project aradesccasions. For example, an

additional 45,000 SF was added to the building'sgpgm. To ensure that the TVD
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exercise fairly reflected this value, the allowabtest value was increased to reflect the

same amount as the cost of the scope increase.

Estimated cost

Ag 4 /

Allowable cost

Allowable cost Aq *

Figure 67. Adjusting to change in scope

At moments of scope increase, the Allowable Cost madified in an amount equal to
the change in scope

The actual documents prepared by the cost estiraegaattached iAppendix 9.3

5.2.3.8.4 Maintaining value while reducing cost

When value engineering is applied to a project ombar the end of design, as is
sometimes done, some of the best aspects of acpropey be eliminated in an effort to
save on first cost. Although TVD actually involveslue engineering, it is performed as
value engineering was originally intended; cosuatients are applied continually and
systematically by a fully integrated project defiwéeam. Unlike the former case, proper
value engineering enables design team memberssfmmd to one another's design
recommendations according to the lean ideal—i.aast&v is eliminated and value

enhanced. For example, to emphasize the importahdategrated Project Delivery
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(IPD), Barnett (2004) describes the exchange thkés place when low-e glass is
proposed by the architect. During traditional deddd build systems, specifying the

more expensive glazing system would likely leaénbdanced first cost. However, if the
project team is involved early on, as it is duriitp, the mechanical engineer would
likely note the reduced cooling load resulting fridme heat insulating glass. The reduced
cooling load offers the possibility of downsizingilters and reducing the size of duct
work. Smaller duct work, in turn, enables the gduiel engineer to minimize the

building’s floor-to-floor height. These types ofamanges, occurring often and from the
beginning of design, enable the quality of buildiogeither improve or remain constant

while overall cost decreases.

On CHH, project estimator Paul Klemish recalls times, in particular, when this type
of trade-off enhancement occurred. In one instatice, architects felt that a 5'X5’

window was not large enough to offer the level atfunal light and views they desired for
the individual patient rooms. Had they simply iraged the window size without
consulting the rest of the design team, the mechhrengineers would have been
required to increase the size of the air handlingsuand cooling tower, substantially
increasing the project cost. However, thanks to PP process, the designers did
increase the window size, but did so while specgyhigher performing glass. It was
therefore unnecessary to modify the air handling an cooling tower size (Klemish

2009).
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In another instance on the CHH project, the arctstevanted to reduce the curtain wall
stack joint from 5/8” to 3/8” for aesthetic reasoighile feasible, the thinner mullion
would unacceptably deflect at the midspan of thg bequiring the addition of $400,000
to the structural steel of the building. The IPxnte questioned the overall aesthetic
difference 1/4 inch would really make: Can mostgeaeally tell the difference between
a 5/8” and 3/8” inch joint from 200 feet away? Louk at the two options, the team

voted against the thinner joint and saved $400i0@0e process (Klemish 2009).

5.2.3.8.5 Satisfaction of the project team

Section 9.1.1.1described some of the failings of the traditiodesign-bid-build delivery
method, as expressed in research surveys. The$iaggaireflected considerable
dissatisfaction with the delivery process. To tbst satisfaction of team members with
the CHH process, project trainer Stephanie Riceirgsidtared a survey she called a Pulse
Report in December 2009 (sappendix 9.4). The survey questions had been created by
the integrated project delivery team who would atespond to them. Of the 125
individuals offered the opportunity to respond ftoe tsurvey, 62% completed it.
Completion of the survey was via the internet andngmous. The overall level of
satisfaction, as reflected on the survey is highhewasked how the satisfaction values
might compare to other hospital projects, Paul K&rmoted that team members who
were simultaneously working on other hospital prtgeunanimously expressed that the
CHH delivery method was much better than their imement on other projects or agreed
that “this is a good project (Klemish 2009). Klemistated that there is normally a lot of

pressure to build it right because if there is @pm, team members fear being blamed.
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By contrast, the team structure minimizes individbéame in favor of collective

responsibility so that the enormous stress thanoftccompanies traditional design-bid-
build delivery is minimized. However, Rice (200@)tfthe survey results also reflected a
frustration about the large number of meetings te@mbers were being asked to attend;
the frustration was soon resolved by requiringvadeting facilitators to adhere to a start

and finish time as well as to distribute a pre-dateed agenda to invited attendees.

5.2.3.9 Results of estimated cost saving due to Tar  get Costing

The purpose of this chapter has been as much twilbeshe TVD process as it has been
to report on a final result. For this reason, pgoaphs that help capture the spirit of Lean
Construction and the TVD office are includedAippendix 9.2 Also included are actual
cost estimation sheets prepared by estimator Pé&hikh. These sheets present in
greater detail the specifics of TVD. However, ftarity and to help compare the CHH
project results with that obtained for Sutter Reld (Figure 52), a summary of

Klemish’s TVD sheet is presentedkigure 68
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Figure 68. Estimated project costs over course ofVID meetings.
Adapted from graphs by Paul Klemish (#ggendix 9.3

5.3 Discussion

Chapter X of this dissertation discusses the striving of fugentific community to
increasingly enhance the quality of available redfeavidence. However, quantifying the
financial impact of TVD on a project is not easythe construction industry where case
study research is the norm. It is certainly hardlény that—at least from a statistical
perspective—a case study can never represent maneN=1. How can we know the
results are not a fluke or outlier if the procespeérformed on a singularly unique project?
Or, as with the TVD case studies, how can we biicethat the drop in cost is due to the

TVD process itself if there is no control? Skepticay argue that the drop in price may
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simply be due to employees realizing that theybmiag studied, as was suggested by the

famous Hawthorne Effect (Roethlisberger and Dicks®89).

However, itis realistic to conduct randomized controlled trisld ean Construction and
TVD, albeit on a smaller scale. In lean consultagaynes, such as the Airplane Game
described in Section 9.1.5.1 subjects form assembly lines and are asked to
“manufacture” a Lego airplane in two different wayise traditional “push” way using
large batch sizes and the lean “pull” way usingatciy size of one. The results indicate
that lean principles do work at a physical level-ggesting the results obtained from
lean construction practices on a larger scale at@nly dependent on characteristics of

the persons involved.

Also, the results obtained on Action Research ptsjen TVD have thus far been
repeated. Because allowable cost targets are issiatblafter benchmark or market cost is
determined from square foot average costs on simpigjects, it is likely that the cost
savings are real. Experience form the first casedystproject, Sutter Fairfield,
demonstrates that actual total construction costonly can meet total estimated costs,
they can better them. Another strong indicationtlod effectiveness of TVD is the

eagerness of owners to re-engage in the processaftg it has once been tried.

While attending EBD conferences during the pastahrears, | have been struck by the
nervousness of clients who worry they can neveordffthe heightened first cost

sometimes associated with EBD. From the perspediva healthcare facility owner
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aiming to apply Evidence-Based Design, resultsrsf €ost savings from the TVD action
research experiments are exciting. If owners cae $8-20% on the first cost of project,
EBD interventions suggested by patient-centereé art to become feasible. The
observation that quality is not only not sacrifickedt enhancedduring the process of

achieving these savings makes TVD a viable optiortife EBD community.
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Chapter ¢

This chapter summarizé®y discoverie
presented in Chapters 4 and 5, discu
original contributions made, sugge
limitations of the study and explor
opportunities for future research.



6.0 Conclusion
6.1 Summary of key discoveries

6.1.1 Long-term savings from EBD

A tacit motivator behind EBD research is an undegyhope that a well-designed facility
improves outcomes sufficiently to both enhance meeestreams and reduce operating
costs throughout the life cycle of the facility.ddgh a plausible assumption, the already
intensive capital requirements of healthcare faediforce choices between competing
items on a wish list. The EBD field must work todaanswering key investment
guestions, such as: How great a health impact theebuilt environment actually have?
If 1 only have X dollars, will it be better to camngct private rooms or install sinks in
every room? These questions concern both therapentpacts of the designed
environment and business outcomes not mediateddyggeutic impacts; e.g., increased
patient satisfaction from reduced waiting timesr@ases in nursing productivity from

reduced travel time.

The repetitive nature of annual expenses and receifer the life of a 20+ year facility
makes the prospect of EBD enhancements attrac@weners weigh returns from
alternative investments. Additionally, possiblergases in capital costs induce owners
and financial stakeholders to request quantificataf benefits that would enable

estimation of potential payback periods.
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Although the need to quantify the impact of EBDementions had long been
acknowledged, one difficulty inherent in EBD resars that it relies on experimental
observations that are not always randomized anttatad, or rigorously modeled. This
is partly due to the nature of medical experimeaotain which deprivation of healthful

conditions may be considered unethical, and pattlg to the reality of confounding
factors within an environmental surround. This éhaps why the oft-cited 1984 Ulrich
study was so long in coming. The circumstanceshefdtudy—that all patients, both
experimental and control, had been subjected tdynekentical surgical procedures and
were placed in nearly identical rooms, save tha\firlem their window—are difficult to

come by. Nevertheless, since then, a number otamoiis have been collected from
Pebble Projects (an initiative of the Center foraltte Design) and other collaborative

healthcare facilities.

Thanks to the willingness of industry participatdsshare their collected before-and-
after-EBD-interventions data, several researchegshespital CEOs made an attempt to
guantify the costs and benefits associated with EBBptations in a paper entitled, “A
Business Case for Better Buildings” (Berry et &042). At the heart of the Berry et al.
piece is the Fable Hospital, a fictional facilityat represents a composite of healthcare
facilities with facets of EBD. Among its featurébe hospital includes oversized rooms
with dedicated space for families, acuity-adaptabteoms, double-door access,
decentralized nursing stations, alcohol-rub hargldne dispensers in every room, HEPA
filters in ventilation units to improve air qualjtpoise reducing measures, and art work

displays and gardens. The article then itemizemental costs associated with each of
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these additions and compares them to the finamjadct of the design decisions. At the
time of the article’s publication, the authors @meed an itemized incremental cost of
over $12 million. However, based on data obtaimednfa number of hospitals, they
estimate the additional cost could be offset by.$Iillion in savings garnered from
reductions in patient falls, patient transfers, coosnial infections, drug costs, and
nursing turnover, as well as increases in markatestand philanthropy (Berry et al.
2004). In other words, they believe the increasedeimental capital cost would be offset
by significant annual savings, and would enjoy gbpak period of just a little over one

year.

Although the Berry et al. paper is admirable asearly effort to quantify some of the
costs and benefits associated with the implememtaif EBD interventions, a rigorous
research framework within the EBD community neexlbé¢ developed, so that financial

savings promised by EBD interventions can be tcuste

However, the task of building an EBD decision-makiframework with financial
databank is not easy, as | discovered in prepahisgdissertation. Publications featuring
experiments relating the environment and humanttneal exist, but they are of varying
quality and reliability. This research establistibdt populating a Root Cause Analysis
framework based on EBD literature reviews—espec@limulative meta-analyses—may
be possible in Evidence-Based Medicine. Howevdg é@xtremely difficult to do this in
EBD because confounding variables riddle the vastonty of EBD research.

Additionally, assembling a useful database of Esithat have been prescreened for their
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level of evidence and that can be related to acaonse analysis decision tree will require
an army of well trained and like-minded research&ws do this, the EBD community
might consider developing a data base modeled enBWidence-Based Medicine
community known as the Cochrane Collaboration. Beythis, the dissertation calls for
collaborating with Departments of Research Psydylto undertake proper, well-

designed experimentation in EBD.

6.1.2 Overcoming the hurdle of first cost associate d with EBD

Ulrich et al. (2004) write: “Many of the improventensuggested by EBD are only
slightly more expensive than traditional solutioifsthey are more expensive at all.”
While this may, at first, seem to reflect wishfllinking, it is worth considering an

analogous dilemma owners face when designing antstrating LEED-certified

buildings. Estimators at Davis Langdon, an intaomatl cost management consulting
firm, accumulated costing data per square foot frdmost 600 building projects in

nearly 19 states. They observed that the costing EfED-certified buildings was

scattered throughout and then subjected the datfatestical t-tests. They found no
statistically significant difference between coetgquare-foot of LEED-certified and
non-LEED-certified buildings (Matthiessen and Mer2004; Morris and Matthiessen
2007). Skeptics may wonder: How can this be, esfigcsince there are certainly
additional incremental costs associated with manghe individual parts? The authors,
anticipating this response, wrote: “The projectsitthvere the most successful in
remaining within their original budgets were thoskich had clear goals established

from the start, and which integrated the sustamaf#ments into the project at an early
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stage. Projects that viewed the elements as adupe stended to experience the greater

budget difficulties.”

In another example, the authors from the Rocky Maianinstitute (Barnett 2004;

Hawken et al. 2000) speak to the importance ofnattng design decision-making early
in the decision-making process. Systems thinkireptss stakeholders in the design and
construction industry to work together to offsestficosts with reductions elsewhere in

the system.

In other words, the savings experienced by sudidityaprojects likely came not from
introducing lesser quality parts (some of theséspane, in fact, more expensive) but from
upfront savings in design and planning productivitiis issue falls squarely within the

realm of project management.

Interestingly, TVD and Lean Construction share Emiintegrated project management
methodologies as those used by many in the subtairdesign community. Early,
repeatable results from P2SL action research expets suggest that those who wish to
incorporate Evidence-Based Design interventiong ititeir healthcare facilities can

realistically do so by achieving 15-20% savingdtwmconstruction costs of their project.

In other words, those who fear the hurdle of fosst sometimes associated with EBD

might do well to look to TVD and Lean Constructigmocesses for assistance.
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6.2 Original contributions

All additions to knowledge build on the work of etk and this is certainly true of a
dissertation. That being said, this research makeagibutions to the field of Evidence-

Based Design in a myriad of minor ways, but magti§icantly in two critical ways:

1) Prior to this dissertation, there had been numessigsts to better understand how
the built environment affects patient recovery ouates in healthcare facility settings.
However, to my knowledge, there had as yet beegenious attempts to respond to
the Joint Commission’s appeal to situate EBD witthi@ larger rubric of Root Cause

Analysis. This dissertation appears to be the &t&mpt to help fill that gap.

2) Prior to this dissertation, there was an urgendrieedetermine how the increased
capital costs which accompany implementation ofes®&BD interventions could be
met. This dissertation shortens that gap by linkirgn Construction and TVD to the

Evidence-Based Design community.

6.3 Limitations of study

It is almost a given that any research that regquin@estigating companies’ financial
strategies will be difficult because of concernscohfidentiality. This research was no
exception. In the earliest phases of this workitérapted to establish a benchmark for
capital budgeting methodologies through structureterviews with appropriate

individuals in healthcare facilities. Although sealeindividuals clearly tried to be helpful,
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they were bound by their positions to not reveatimbeyond generalities. Very little of
any substance could be gleaned from early theseecsations and, after a year of nearly
fruitless efforts, | decided to steer the work avitayn capital budgeting in practice as it

actuallyis, to capital budgeting as it potentiatiguld be.

Naturally, it would still be helpful to understabétter how capital budgeting is currently
performed by healthcare facility owners. Therefanethe absence of this information, |

am obligated to acknowledge that not having it laée is a limitation in this research.

Other limitations include:

The Cochrane Collaboration calls for hand-searclhomgarticles found outside internet
databases, searching for non-English languagelesitiand blinding reviewers to the
article authors. However, the solitary nature ofsdrtation research made these
recommendations difficult to fill. To compensate,decided to focus on locating

systematic reviews prepared by teams who had nutrstantial resources than my own.

In TVD I felt my intermittent presence as an obsemas both a weakness and a strength.
Certainly, those who participate in the day-to-dg@gration of project development will
be exposed to a greater level of detail than som&dro comes only once per week or
who relies on the interview responses of those areacontinually present. However, that
being said, | would also like to suggest that myrendistant role as researcher-observer

was helpful as well. For example, shifts in strgtbgtween the Fairfield and Cathedral
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Hill projects became more apparent to me in patipely because my role was that of

someone more removed.

However, | felt the limitations mentioned above &eomparatively minor and did not

significantly compromise the contributions madéhie dissertation.

6.4 Opportunities for future research

The potential for growth in this field is enormoukhere is a great need to conduct
randomized controlled trials to quantify links beem environmental cues and the
physiological responses they trigger. As was regudgtmentioned in this dissertation,
RCTs are needed to offer owners the predictivel lefveonfidence they seek. Much good
work can be done on EBD by collaborating with Dépa&nts of Psychology that focus
on human behavior research. These departmentsacaess to large numbers of student
subjects and can undertake proper randomized dleatriials with these subjects. For
example, it is possible to identify stresses inlihét environment by asking subjects to
move through a space while monitoring physiologiratrics for stress, such as blood
pressure and cortisol levels and heart rates. Whrk can be extended by monitoring a
subject’s physiological reactions to specificalgsayned virtual built environments and

comparing their results against a control.

This is an exciting moment for EBD researchers. ddtrany work in this area promises

to significantly shape the field.
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7.0 Glossary

BCA

Bias

Capital budget

Capital financing

Design-Bid-Build

Design-Build

Environmental
Docility
Hypothesis

Environmental
Press Model

Benefit-Cost Analysis: “A basic premise of the.eftrod) is that
future as well as present benefits and costs grisom a decision
are important to that decision, and, if measurablgollars, should
be included in calculating the (Benefit-to-Cost iBat.”; To
perform a BCA, calculate “benefits (or savings)idied by costs,
where all dollar amounts are discounted to presgntannual
values.” (ASTM April 2006a)

Introduction of a systematic error in a procedurat tleads to a
wrong estimate of a phenomenon. In a meta-analygse are
several potential biases that need to be controlldte most
important is ‘publication bias.” (Leandro 2005)

The budget used to forecast, and in some casesy,jutie
expenditures (and in some cases the sources oficfirg for
noncurrent assets. (Cleverley and Cameron 2002)

Financing used expressly for the purchase of noectirassets.
(Cleverley and Cameron 2002)

“Traditional contracting method where the architact contractor
secure separate contracts with the owner to progigecified
services.” (Construction Management Association Arherica
2009)

“An architect or contractor that provides desigrd aonstruction
services under as single responsibility contractato owner.”
(Construction Management Association of America®00

“ ‘Asserts that the less competent the individube greater the
impact of environmental factors on that individu&hus, frail and

more impaired individuals, in comparison to morgovous and less
impaired individuals, are expected to be more walbke to the

effects of environmental demands.” (Connell 1997)

“Describes the relationship between an individuatempetence’
or capabilities in the conduct of activities an@ tenvironmental
press’ or demands place on the individual by taskted
components of the physical environment and theplizations for
affect and behavior.” (Connell 1997)
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Environmental
Psychology

Evidence-Based

Design (EBD)

Evidence-Based

Medicine (EBM)

Fomite

Healthcare

Incremental

Just-in-Time
JIm

Kanban

Last Planner

Last Responsible
Moment

Lean

“An area of psychology whose focus of investigai®the
interrelationship between the physical environmantl human
behavior and experience.” (Holahan 1982)

“the conscientious and judicious use of current leegdence, and
its critical interpretation, to make significantsiign decisions for
each unique project. These design decisions shioellthased on
sound hypotheses related to measurable outcomemmifton
2006)

“Approach to clinical problems aimed at the intdigna of
individual clinical expertise with the best clinicaevidence
available from a systematic review. In other wotgBM is the use
of both evidence and experience in clinical practiqLeandro
2005)

Any inanimate object that can transfer infectiogerds from one
person to another such as a tie, towel, or pen.

Field concerned with the maintenance or restoraifdhe health of
the body or mind. (Berger 2002)—p. 3

Cash flows that occur solely as a result of a paldr action, such
as undertaking a project. (Zelman et al. 2003)

A strategy where components are delivered fronptbeider to the
customer of a supply chain immediately before ndedd reduces
in-process inventory.

A signaling system used in lean production to &iggction. The
signal may be done using various methods, suchrdosard, card,
or empty trolley.

“The person or group that makes assignments tatdierkers.
‘Squad boss’ and ‘discipline lead’ are common narfas last
planners in design processes. ‘Superintendend jab is small) or
‘foreman’ are common names for last planners instotion
processes.” Last Planner™ s also the name for ltban
Construction Institute’s system of production cohtr(Lean
Construction Institute 2009)

In considering alternatives, the last responsiblament for one
alternative is the time at which, if that altermatis not selected and
pursued, that alternative is no longer viable. (Tratein 2009).

“Extend(s) to the construction industry the Learnodurction

Page 188



Construction

Life Cycle Cost
Analysis (LCCA)

Load Leveling

Maintenance
Costs

Meta-analysis

Operating costs

PMPM

Preferred
Provider
Organization
(PPO)

Randomized
Controlled Trial
(RCT)

revolution started in manufacturing. This approaciaximizes
value delivered to the customer while minimizingstea’ (Lean
Construction Institute 2009)

“The basic premise of the (LCCA) method is thaatoinvestor or
decision maker all costs arising from an investm@dstision are
potentially important tot that decision, includifigture as well as
present costs. Applied to buildings or buildingteyss, the LCC
encompasses all relevant costs over a designatety §teriod,
including the costs of designing, purchasing/legsin
constructing/installing, operating, maintainingpa&ing, replacing,
and disposing of a particular building design osteyn.” (ASTM
April 2006b)

A procedure where demand is rearranged so it tslaited evenly
during a specified time period.

The cost of keeping a building in good repair andrking
condition. (RICS 1986)

“Method that aims to reach the comprehensive swighef data
issued from a systematic research and to analymgreent and
divergent findings from reports in literature.” @mdro 2005)

The costs associated with operating the buildisgjfit (RICS 1986)

Per member per month. “The most common method inchwh
providers receive captivated payments.” (Cleverdeyg Cameron
2002)

“An independent provider or provider network presttd by the
payer to provide a specific service or range ofises at
predetermined (usually discounted) rates to theepmycovered
members.” (Cleverley and Cameron 2002)

“An experiment in which two or more interventiopgssibly including a
control intervention or no intervention, are congzhby being randomly
allocated to participants. In most trials one imettion is assigned to
each individual but sometimes assignment is to neelfi groups of
individuals (for example, in a household) or inttions are assigned
within individuals (for example, in different ordeor to different parts of
the body).” (Cochrane Collaboration May 2005)

Reverse Phase A strategy used in lean construction to develop dtigedule of a

Scheduling

project by first anchoring the desired deliveryedaf a project and
then scheduling activities backward toward thet sththe project.
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Running costs The sum of maintenance and operating costs. (Al-&tad Horner

1998)

Systematic review “Review performed by an expert in the field basetl anly on the

Takt time

knowledge of the single investigator but also otadasued from
systematic research.” (Leandro 2005)

In a manufacturing assembly line, the maximum tatlewed per
unit to meet demand; it sets the pace of the adydimé.
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9.0 Appendix

9.1 Lean Construction: a response to the troubled n ature of the
construction industry

9.1.1 Overview

A brainchild of the lean construction community,rget Value Design (TVD) has
emerged as a tool to resolve long-standing probli@ishave plagued the construction
industry. Because TVD is inseparable from lean waos8on methodologies, an
introduction to the methodology as it operates withan construction principles will be

presented here.

In a traditional design-bid-build delivery systemclient hires an architect and engineer
to design according to client requirements. Théigect and engineer prepare drawings
in alignment with the client's needs and put thdseuments out to bid. Contractors
wishing to bid on the documents estimate the aodiuild the project and add a profit
markup. The resulting sum represents their offdyuitd the project for a specified price.
Once the contractor has been selected, the prazesefining the drawings and

constructing the actual project begins.

The design-bid-build process described above igdlly linear—the contractor is not
brought on board until after key features of thejgut have already been defined (Barrie

and Paulson 1992). The practice of excluding keyeais, such as the general contractor
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until after the bid has been placed, has been showrtroduce a number of problems, as

will be discussed in the following sections.

9.1.1.1 Indications of industry failure

In order to better understand problems plaguingcthestruction industry, construction

management research has focused on identifyingsswf failure.

For example, Josephson and Hammarlund (1999) dixbeseven building projects
during a six month period, analyzed nearly 3000ecksf and then identified the root
causes of the defects. Perhaps surprisingly, tbearehers discovered that the greatest
number of defects were not induced by stress &y Inigt instead by a lack of motivation
and knowledge among four participant categorievesd: designers, site managers,
workers and subcontractors. Researchers foundagsalignment of ranking among the

top two causes within each of the four categoriedble 15.

Table 15. Causes of defects

Adapted from Josephson and Hammarlund (1999)
Category titles are authors’ own.

Cause of defect
(% of defect cost per category)

Workmanship Site Subcontractors Design
Management
Motivation 69 50 a7 35
Knowledge 12 31 27 44
Information 2 8 13 18
Stress 1 6 3 2
Risk 16 5 10 1
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Other researchers have focused less on defectsnaredon the adversarial nature of the
construction industry. For example, Black, Akintpynd Fitzgerald (2000) surveyed
over 78 consultants, contractors and clients. Tfweyd that respondents perceived
traditional design-bid-build systems as failing & number of ways, including:
exploitation is common, specifications are rigicgcdions are made with limited

knowledge, and focus is placed on short-term (ratien long-term) success.

Such failings appear to be pervasive and commothéo design-bid-build delivery
method—regardless of geography or nationality. Egample, lyers et Jha (2005)
identified 23 critical failure attributes plaguirmgnstruction projects in India. Distributed
surveys were returned from 112 owners and contigictbe authors then ranked the
attributes by their importance to each of the twougs, as shown imable 16
Interestingly, while there are some ranking differes between expressed priorities of
the Owners and Contractors, there is considerajskement. Adjectives such as conflict,

negativity and hostility are common to failed pige
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Table 16. Critical failure attributes of projects in India

(By rank according to survey; the authors’ indibese been deleted for clarity)
Adapted from lyers et Jha (2005).

Project Attributes All Owner Contractor
response
Poor human resource management and labor strike 1 2 1
Negative attitude of PM and project participants 2 3 3
Inadequate project formation in the beginning 3 4 4
Vested interest of client representative in nottiggtthe project 4 5 1
completed on time
Conflicts between PM and top management 5 2 8
Mismatch in capabilities of client and architect 6 6 7
Conflicts between PM and other outside agency sscbwner, sub- 7 8 5
contractor or other contractors
Reluctance in timely decision by PM 8 9 6
Lack of understanding of operating procedure byRkke 9 7 13
Conflicts among team members 10 10 11
Ignorance of appropriate planning tools and teaescy PM 11 11 12
Holding key decisions in abeyance 12 13 10
Reluctance in timely decision by top management 13 14 9
Harsh climactic condition at the site 14 12 16
Hostile political and economic environment 15 16 14
Tendency to pass on the blame to others 16 16 15
Hostile social environment 17 15 18
Project completion date specified but not yet p&hhy the owner 18 18 17
Uniqueness of the project activities requiring higichnical know- 19 20 19
how
Urgency emphasized by the owner while issuing tende 20 19 20
Size and value of the project being large 21 21 22
Aggressive competition at tender stage 22 23 21
Presence of crisis management skill of PM 23 22 23

Prevalence of dispute claims can also signal abtesouindustry. A database search

through the directories of Martindale Hubbell, angany which catalogs and connect

lawyers around the world indicates that there areeatly 16,931 professionals who list

themselves as construction law specialists in tBethis can be compared to 14,035 who

list themselves as bankruptcy law specialists (Mdale Hubbell 2009).

The litigious nature of the profession is not ligditto the US. In 1997, Kumaraswamy

searched for root and proximate causes of dispate€ on projects in Hong Kong. The

author generated weighted average indices to deterinow three project team members
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(contractors, clients and consultants) ranked,yortance, the root causes of claims.
Adjectives such as “unfair,” “unclear,” unrealisti¢inappropriate,” and “inadequate,”
pepper the suggested list of causes. The top tesesddentified by Kumaraswamy are
shown inTable 17 In Figure 69, the author separates root and proximate causes of

claims, but the sheer number of claim categoriastriking.

Table 17. Root causes and proximate causes of disgpwelaims in Hong Kong

Weighted indices to account for different numberghie three groups (8 from contractors,
21 from clients, 17 from consultants; indices arelévant to this discussion and have
been deleted here for clarity).

Adapted from Kumaraswamy (1997).

Cause Overall Contractors Clients Consultants
(rank)

Inaccurate design information 1 1 4 1
Inadequate design information 2 4 2 5
Inadequate site investigations 3 5 5 4
Slow client response (decisions) 4 3 11 6
Poor communications 5 10 12 2
Unrealistic time targets 6 2 7 12
Inadequate contract administration 7 15 3 3
Uncontrollable external events 8 12 1 10
Incomplete tender information 9 6 13 8
Unclear risk allocation 10 7 6 11
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Unfair risk allocatien
Unclear risk allocation
Unraalistic time fcost fquality targets (by clients)
Uncontrallabla extarnal avents
Advarsarial [indusiry) cullure
Unrealistic lander pricing
Inapprapriate contract typa
Lack of compatence of project paricipants
Lack of professionalism of project participants
ROOT E&UEE.B:] rlianls lack of Information or decisiveness

l L l l lumaallmlc Information expactations [conlraclars)
¥ 9

1

| .... generate by themselves or rhrouyh intnml.-h‘-ms.....

¥
Inadaquala briat
Pnar communications

Persnnallly clashas

Vestad interasls

['P'}H"CJEBHHI&TIE Q.‘.‘?’LUU@E%-) Ghanges by clisnt

Slow clien! response
Exaggerated claims

Eslimaling wrrors
Othir (g, Work) emors

¥ Iniemal disputes {ag: in J¥s)
Llnadequate contract administration
¥inadequate contract documantation
¥ Inaccurate design information

¥ Incomplete tandar information

y Inadequale design documantation

. Inapgprapriale conlracior salection
¢ Inappropriale payment modalities l

Inappropriate contract form

L A kA k

.. generate by themselves or through interactions..... |

("GL&‘:‘:UL!J@ (categorizad according to contractual requirements) B lUJ@P'UTEQJ

Figure 69. Root and proximate causes of claims iroostruction
(Kumaraswamy 1997)

From Kumaraswamy, M. M. (1997). "Conflicts, claiarsd disputes in construction.”
Engineering Construction and Architectural Manageind(2), 95-111.
Reprinted with permission.
While prevalence of claims and disputes is cernyaaml indication of a troubled industry,
so is the frequency and extent to which lawyerstrbesengaged. For example, Owers

and al. (2007) found that nearly every participangages the services of lawyers for

many, if not most, of ten types of activities, ashown irTable 18
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Table 18. Function of lawyers depending on type a$sue versus industry participant
Adapted from Owers et al. (2007)

Type of issue General  Subcontractor Designer Supplier Manufacturer Owner Labor force
Contractor

General business X X X X X X

Transactions X X X X X X

Bid protests X X

Lien laws X X X X X X

Intellectual property X X X X X

Tort liability X X X X X X

Product liability X X X X X

Professional liability X X X

Litigation X X X X X X X

Dispute resolution X X X X X X X

9.1.1.2 Attributes of successful projects

Despite these challenges, the industry has alsebiggbed success. To increase the

likelihood of success, researchers have lookedtfabutes that successful projects share.

For example, from their survey of owners and cattns, lyer and Jha (2005) listed 30
critical success attributes of project managers smtked them according to the
importance each category of participant placed len dttribute. What is even more
remarkable than the differences, perhaps, is thsisncy with which certain attributes

appear in the top 10-15 slotBaple 19.
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Table 19. Attributes of successful projects

Adapted from lyer and Jha (2005). The authors’daegihave been deleted for clarity.

Project Attributes All response Owner Contractor
Effective monitoring and feedback by PM 1 3 4
Coordinating ability and rapport of PM with top nagement 2 1 7
Effective monitoring and feedback by the projeetntemembers 3 2 8
Positive attitude of PM, and project participants 4 6 3
Project manager’s technical capability 5 11 1
Understanding operational difficulties by the oweegineer 6 10 4
Thereby taking appropriate decisions

Timely decision by the owner or his engineer (rlnce or otherwise) 7 4 23
Selection of PM with proven track record at an \eatige by top 8 7 19
management

Authority to take day to day decisions by the Pkéam at site 9 11 10
Scope and nature of work well defined in the tender 10 11 12
Monitoring and feedback by top management 11 5 26
Understanding the responsibilities by various proparticipants 12 8 16
Leadership quality of PM 13 16 9
Top management’s enthusiastic support to the prajanager (PM) 14 15 13
and project team at site

Coordinating ability and rapport of PM with his teanembers and 15 14 16
sub-contractor

Project manager’s authority to take financial decisselecting team 16 26 2
members, etc.

Commitment of all parties to the project 17 20 11
Coordinating ability and rapport of PM with ownepresentative 18 17 16
Coordinating ability and rapport of PM with oth@mndractors on site 19 27 6
Top management’s backing up the plans and ideatifigal activities 20 17 20
Regular budget update 21 22 13
Delegating authority to project manager by top ngamaent 22 24 13
Training the human resources in the skill demarimethe project 23 23 22
Ability to delegate authority to various membersisf team by PM 24 25 24
Construction control meetings 25 29 21
Favorable political and economic environment 26 8 0 3
Favorable climatic condition at the site 27 19 27
Availability of resources (funds, machinery, maaéretc.) 28 27 25
as planned during the project duration

Monitoring and feedback by client 29 21 29
Developing & maintaining a short and informal liscommunication 30 30 28

among project team

Similarly, Menches and Hanna (2006) sought to @efinoject success, according to

electrical contractors. The researchers found teat factors contributing to project

success emerged, with (a) profitability and (b)tocoeer satisfaction ranking highest

among the ten factors, as showrigure 70.

Page 211



40 — 1
Bprofitable
; project (35)
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satisfaction (28)
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|

Number of Responses

BGoed
communication (8)

BAchieved quality (8)

DBudget success (8)

Definitions

Figure 70. Top ten definitions of successful perfenance as suggested by electrical
contractors

(Menches and Hanna 2006)

Recognizing the failings of traditional design-tmdild delivery systems and the benefits
associated with successful delivery, researchers baught to not only characterize the
project delivery as icurrently is but also to define it as @anandshouldbe. A number

of owners, consultants and contractors have beguimvestigate a delivery method
known as partnering—a delivery method that is intended to foster alatarative

working relationship among team members (Black|e@00; Bresnen and Marshall
2000; Cain 2004). To determine if the promise gbiavement with partnering was being
met, Black et al. (2000) investigated to see ifcpptual differences existed between

those who had previously tried partnering and thvaise had not. They found that from a
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list of factors Table 20 those who had been involved with partnering gawehigher
score than those who had not—suggesting that thefite promised by the partnering
delivery system are real and recognized by those wiplement partnering. This is a
helpful prelude for this research, since partnertg close cousin ohtegrated project

delivery—a delivery method that sits at the very heart\dDT

Table 20. Benefits attributable to partnering

(as ranked by those with and without previous imgolent in partnering after scores
were combined)

Adapted from Black et al. (2000)

Ranked acknowledgement of benefit
 Less adversarial relationship Most
* Increased customer satisfaction A
* Increased understanding of parties
» Improved time-scales
» Reduced risk exposure
* Reduced cost
» Improved administration
» Quality improvements
» Improved design
» Risk shared
» Improved return on resources
» Design cycle reductions
* Increased market share Least

9.1.2 The Proposed Solution: Target Costing within a culture of
Lean Construction

To ameliorate the problems associated with tragiioconstruction delivery, a new

delivery system called Lean Construction emergeshanL Construction serves as the
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critical culture in which TVD is practiced. There#gp any discussion of TVD must be

preceded by an introduction to Lean Construction.

9.1.3 Beginnings of lean construction

In the now renowned CIFE Technical Report #72 keutitApplication of the New
Production Philosophy to ConstructiofiKoskela 1992) Lauri Koskela stood on the
principles of a manufacturing movement which hemtnt “the new production
philosophy” and applied its principles to the cownstion industry. Incorporating
Koskela’s concepts, Glenn Ballard and Greg Howetthented their own observations of
the need to enhance reliability of project plannargl founded the Lean Construction

Institute in August 1997 (Lean Construction Inggt@009).

Lauri Koskela, identified three qualities of lednnking: transformation, flow, and value
(TFV) (Koskela 2000). Although mentioned third inet TFV lineup, the creation of
value—to design a product or building to customer satBbn—is arguably the most
critical of the three, since it only makes sensddsign a building within budget and on

time if it serves the function for which it wasentded (Ballard 2009a).

The other two elements of TFV triumvirate—transfatimn and flow—nhelp a design
team attain customer value while minimizing wa3tensformationis a process through
which a metaphorical design engine takes inputurees and modifies them into outputs
that are of value to the customé&tow is a pull process method used to optimize the

whole over the parts.
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Ballard’s contribution to the creation of flow dg project delivery by his development
of the Last Planner System of Scheduling is clittoathe implementation of Lean in

construction and is discussed in greater det&laction 9.1.5.2

All three elements of TFV are important to TVD. Hewer, while value and
transformation may seem somewhat intuitive, theungabf flow is not immediately

obvious. It will therefore be presented in grealetail in the following sections.

9.1.4 Goals of lean thinking

In the manufacturing world, the goal of lean ispf@duce a product that satisfies the
customer’s requirements—while minimizing waste amakimizing value. At the risk of

appearing overly symplistic, it may be useful toawlran analogy between lean
construction and a lean animal. A conventional ienagsociated with a word like lean
might be suggested by the lithe body of the cheetaibh has evolved to build adequate
muscle and minimize fat, enabling it to optimizeasgp while hunting. But an artic seal
insulated by a thick layer of blubber also confotmghe lean ideal. The utlimate lean
goal is to create a product that is “fit for use”to customer satisfaction, and to do so

while minimizing waste and maximizing value.

In construction, waste is everywhere—and waitingb® eliminated. For example,
adversarial relationships, claims and disputes, afieated workers, defects, etc., as

described irSection 9.1.1.1can all be considered sources of waste becaase #ttions

Page 215



do not add value to the final product. One of tlemdiits of waste reduction is that
resources that would have been spent on waste eaediiocated to enhancement of

value, as suggested Bigure 71

Figure 71. Recapturing waste as value

When a project is made more lean, resources thaldvatherwise be wasted are captured
and can be reallocated to value creation

Resource list from Hamzeh et al. (2008)

9.1.5 The importance of flow

In traditional design-bid-build project deliveryaeh trade aims to optimize its own
processes. Although understandable from the pdirntesv of the individual parts, such
thinking can undermine working of the whole. Simila a public bus that speeds ahead
without regard for scheduled arrival and departures, and in so doing leaves behind
riders who rely on that schedule, optimizationrafividual parts can generate problems
for the project itself. For example, a dry wall tactor may believe it is to his personal

advantage to install designated walls before theham@ical contractor moves onto site.
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However, doing so may create problems for the nmchhcontractor who must then

employ additional personnel to contort duct fitSrground walls that were installed too
soon. By contrast, lean thinking aims to optimizewholeover the parts. In other words,
while the metaphorical bus driver who must waiadius stop until scheduled to depart
may be personally inconvenienced, the overall prartation system and the majority of

its ridership will benefit.

In lean manufacturing, upstream members of a matwiag line or supply chain
assemble parts only at the rate at which they eeded by those downstream. This rate is
referred to agakt timeand is set to the rate of the customer’'s demaadekample, at
Toyota, takt time is the rate at which customeimdeprcars. On a construction project,
however, takt time is the rate at which work mustdompleted to meet the customer’s
desired completion date. To ensure that each stafi@an assembly can keep pace with
the takt time, assembly processes are broken ioep of approximately equal size
(ideally one piece), streamlining the flow of a gwot between stations. In the bus
analogy, takt time might represent the rate at wisigbsequent buses would embark on

the same designated route, presumably timed to moeetdemand.

9.1.5.1 Making flow with the pull of the kanban

To ensure that no unnecessary inventory (wastegmassed between manufacturing
stations, an upstream station does not assembla@eiver parts until its downstream
station (its customer) signals readiness to actiggge parts. Signaling for those parts

may be done via a kanban—representeBigure 72 as an empty cart extended from a

Page 217



downstream station (B) to an upstream station (Agi#ing to be filled with upstream

parts. In practice, a kanban may take the forrmad\eerhead sign board. A kanban is one
type of pull signal typically used to replenishwithdraw products from a supermarket
shelf. Hence the use of a kanban presumes thatahguming workstation can have

multiple inputs.

Lean thinking aspires to make batches as smalbssilde; one-piece flow is ideal.

e B

Ao<—]/|

Y )

7
L

Figure 72. A metaphorical kanban cart

In a lean manufacturing assembly line, each stdahamsts out its own kanban cart to the
rhythm of takt time. This manufacturing of partsdamansfer of resources from one
supply chain station to the next only at the momeist needed by the customer station
forms the basis of Just-In-Time deliveryprll. The importance of pull is demonstrated
during the playing of a lean game—the Airplane Gamseed by lean production
consultants to demonstrate some of the principldsean. Players seated around a table
work in supply chain fashion to assemble the pafrs LegS airplane Figure 73). For
comparison, players first assemble their stati@teiusing a traditiongdush system—
the method to which they are likely accustomedeAfix minutes of play, a facilitator

makes note of the total number of planes assemtiledtime required to complete the
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first plane, and the amount of work-in-progress RYVIPlayers are then asked to change
their assembly strategy to conform to lean priresplusingull system between stations.
They are also asked to reduce batch sizes traedfeatween stations, from 5 to 1. The
game has been played live and simulated by comgigure 74). In both instances, the
difference in results is dramatic. The pull assgmimethod outperforms push with
reduced WIP. Also, when the batch size is reducech 5 to 1, “planes completed” is
increased and “time elapsed until first plane”educed. In other words, pull and one-
piece flow lead to generally desireable outcomesnmmanufacturing a productgble

21) (Rybkowski et al. 2008).

Ws-1 Ws-2 Ws-3 Ws-4

Figure 73. First Four Workstations from the "Airpla ne Game"

Reprinted with permission from Visionary Produdts,. (2008), as it appeared in
Rybkowski et al. (2008).
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Figure 74. EZStrobe Computer Simulation of the Airgane Game
Reprinted from Rybkowski et al. (2008)
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Table 21. Results from the Airplane Game based ondinputer and Live Simulation
Adapted from Rybkowski et al. (2008)

Transfer  Planes Time elapsed WIP WIP WIP WIP WIP
type completed until from from from from Total
first plane WS1 WS2 WS3 WS4
(system)  (# of units)  (sec) (# of units)
Batch Size 5
Computer Push 15 138 54 4 5 0 63
Live Push 12 150 30 4 7 1 42
Computer Pull 10 138 5 1 4 0 10
Live Pull 10 145 5 2 3 0 10
Batch Size 1
Computer Push 20 46 55 0 3 0 58
Live Push 20 43 51 1 5 0 57*
Computer Pull 12 46 1 0 1 0 2
Live Pull 12 39 1 1 0 0 2

*WS1 ran out of pieces at 5'20"

It makes intuitive sense that—to achieve one pfeme@—manufacturing times at each
station would need to be approximately equal. Dingdwork into stations that require
work of approximately equal time is a process kn@asload levelling The advantage of
most product manufacturing processes is that sysggimization through load levelling
is possible because the process is performed nusietimes, enabling industrial
engineers to continually tweak improvements inte iystem over time. More is said

about load levelling and ways to reduce waste as®ocwith it, inSection 9.1.5.2.4

A simple manufacturing process may be perceivdthaar. As mentioned previously, in
a lean supply chain, each downstream station mayausmetaphorical kanban car to
signal its respective upstream station that ite@dy to receive parts, as suggested by

Figure 75 However, unlike the linear nature of some factipor manufacturing,
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construction processes can be complex; they mayireeqodes with multiple branches
and interdependencies—resembling a chain link femoee than a supply chain, as

represented blgigure 76.

Figure 75. Kanban carts transferring resources betwen stations along a linear
manufacturing chain
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Figure 76. Kanban carts transferring resources betwen stations with feeder flows,
such as on a construction project

For example, a drywall contractor cannot instaliwhll until both electrical and
plumbing work have been roughed in. Naturally, toesmplicates the pull process. Also,
unlike product manufacturing, the “one off’ natwfemany building projects complicates
the ability to continually improve since there mag only one time to “get it right”. To
further complicate the construction cocktail, knedde is dispersed among numerous

participants.

9.1.5.2 Last Planner System as the pull for constru  ction

The lean construction community has respondeddsetichallenges by adopting thest
Planner System™-a production planning and control system thathis brainchild of

Lean Construction Institute co-founder, Glenn BdlléBallard 2000a). The term “Last
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Planner” refers to the front line supervisor. Ballanitiated pull in construction by asking
construction partners to engage in a process krasseverse phase schedulinnce a

client’'s time constraint has been established, deatline is fixed to a wall with a self-
adhesive notecard. Team members then plan activctédaboratively and collectively,

also on the wall using self-adhesive notecards—kmwkward from the posted deadline.
The deadline establishes the basis for a typeaht time"—the rate at which individual

activities need to be accomplished in order to nieetlient’'s required deadline. It must
be mentioned here that, unlike a manufactuing asiselime where the final design is
known before manufacturing the product, the LasnRér is applied while design of a
building is under development. This means predisé the construction times of various
phases of the building can not be more than estsnamd the term “takt time” must be
applied loosely to Last Planner as a general ratgh&ch a project must be pulled in
order to meet the required time contraints. Newetds, the analogy is helpful to
understanding how lean construction principles rgget with those of lean

manufacturing.

There are four components of the Last Planner syst®laster Scheduling, Phase
Scheduling, Lookahead Planning and Commitment/\WWedkbrk Plan—as graphically
depicted inFigure 77 (Hamzeh 2009). The last two phases, LookaheadniPigrand

weekly work plan, are of special interest to usher
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Figure 77. The Last Planner System (Ballard 2000a)
from Hamzeh, F. R. (2009). "Improving Construction Wtolf: The Role of Production

Planning and Control,” Doctoral dissertation, Umsiy of California, Berkeley.
Reprinted with permission from the author.

It might be argued that a critical purpose of LB&inner is to serve as a series of
conceptual kanbans, where metaphorical carts haen eplaced by a scheduling
directive called th&Veekly Work PlanAlthough Last Planner-as-kanban is an imperfect
metaphor, the two processes share some commos ttaitthe Weekly Work Plan, the
“last planner"—the individual responsible for organg final work assignments for the
overall project—divides work into defined (oftenydang) batch sizes. The last planner
then “fills the kanban carts”—assigning work to leaay of the work week. Like the bus
driver who must wait at a stop to conform to anralldransit plan and wait at a stop if
he arrives ahead of schedule, no member of a teaynp@arform work either before or

after his turn has been designated. Team membeysraeffect, informed by the last
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planner facilitator about when to get on the bust+anmoment before and not a moment
after the appropriate time. This is the essendd@fJust-In-Time system, so integral to

lean thinking.

9.1.5.2.1 Facilitating flow: knowledge sharing

One challenge of construction is such that it respuithe knowledge of multiple fields.
For example, realizing a construction project reggithe collaboration of professionals
with varied formal educational backgrounds: froras with technical school training or
no secondary or tertiary education at all to thwgh BAs/BSs, MBAs, MSs and PhDs.
Even within a university, there may be little owgrl of professional education;
engineering students seldom, if ever, take couthas are part of an architecture
curriculum and architecture students rarely set fiegide an engineering department. On
the job site, language and cultural differencesteradditional friction; the construction
industry tends to rely on local professionals forafcial and design expertise but
immigrant labor for site work. Such a wide spectroiways of doing likely contributes
to misunderstandings and a litigious “culture o&rbé” that plagues the construction
industry in many parts of the world, as has alrebdgn discussed. Moreover, unlike
products turned out on a manufacturing assembgy liiffering site conditions ensure

that every construction project is somehow unique.

In other words, construction is a complex proc@$e culture of lean acknowledges the
need to respond to this complexity and encouragksptation to each new set of

circumstances. Metaphorically, lean principles $thowt be envisioned as a completed

Page 226



book but rather as a loose-leaf binder. The nurob@ages documenting ideas for lean
will continue to grow, because fundamental to leamstruction is the concept of

continual improvement; there will always be oppoities for growth.

Unlike traditional construction project managemetich is often led from the top, the
pages of the binder are also informed by those péréorm the work. In fact, because
critical knowledge is distributed throughout alvéés of an organization, knowledge
sharing through facilitation has become key to #uecessful development of lean
construction theory and practices. The “cloud aredd knowledge” was first introduced
in Section 9.1.5.2.1and depicted inFigure 78 Without shared knowledge, pull
scheduling that sits at the heart of Last Plana@bkn would not be possible because the
there would be no way to plan what should be acdishexdl within single day with any

reliability.

In lean construction, this cloud of shared knowkediggins as early as possible. In a
publication on integrated design delivery, the Aicean Institute of Architects advocated

that a full team of professionals should begin twkaon a project as early as possible to
ensure that the ability to effect change could keximized (AIA National and AIA

California Council 2007; MSA 2004)
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Figure 78. The MacLeamy Curve

In traditional design-bid-build delivery, team mesnbdo not participate in the
development of the project until the project ieatty well underway (3). By contrast,
Integrated Project Delivery teams participate eét)yensuring that professionals are

informing the development of the project at theetiwhen the ability to impact cost and
function is greatest (1) and costs of changingdésgn are lowest (2).

Adapted from MSA (2004).

Lean construction has been built on this premisevald The consequences of early
knowledge sharing as compared to typical DesignBidd knowledge sharing are

perhaps best illustrated by the diagrams showsigare 79.
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Figure 79. Shared project knowledge

by team members during typical Design-Bid-Buildjpob delivery (top), and during
Lean Project delivery (bottom), as speculated bl Mightig (2008).

Note that shared project understanding is muchtgréaward the beginning of a project
during Lean Project delivery.

Adapted from Lichtig (2008), as presented in Femg) Bommelein (2009).

The benefits of early knowledge sharing may seettively obvious. But recall that
lack of knowledgevas identified by Josephson and Hammarlund (1899%)ne of two of
the primary causes of defects, as discusse®eaation 9.1.1.1-suggesting that the

construction industry does not always follow théichh seems intuitively obvious.

Most construction projects are unique to their ame function. Because of the one-off

nature of most construction projects, no one imiigi—not even an experienced project
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manager—can know all that is required to fill thetaphorical kanban carts. Last Planner
acknowledges this by engaging the “Big Room” comhadpmeetings common to lean
thinking. The term Big Room refers to the need tmd together all those who are
critical to the design of a building so that thewowledge can inform that which needs to
be done during a regular specified time period. dag or half-day of a Weekly Work
Plan in the Last Planner can be imagined as anyekgrtban cart waiting to be filled
with resources that will be transformed at desigdatations. IrFigure 80, the collective
experience of team members in the big room is syimdwb by a cloud of shared

knowledge.

Weekly work plan

cloud of
shared knowledge

Figure 80. Cloud of shared knowledge: The Last Plarer kanban

Naturally, one risk of a Just-In-Time delivery systis that it may place an unfair burden

on those who must fill a cart. Anyone who has he¢hedwords “l need it tomorrow” or,
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worse yet—"give it to me now’—knows how unreasomaklich directives can be.
Responding to this, lean practitioners frequentBe tthe phrase “last responsible
moment” instead of just-in-time. The Lookahead Riathe Last Planner System focuses

on constraints analysis and removal, making JIBiptes as shown iRigure 81
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Figure 81. Six-week Look-Ahead planning process

from Hamzeh, F. R., Ballard, G., and Tommelein, I. D0O®). "Improving Construction
Work Flow—the Connective Role of Lookahead Plannifgoceedings for the 16th
Annual Conference of the International Group foaheConstructionManchester, UK,
635-646. Reprinted with permission from the author.
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9.1.5.2.2 Facilitating flow: Removing constraints

By the time a task is committed during a Weekly WBfan meeting, the expectation is
that it will be completed as scheduled to maintapredictable flow of work through the

network of specialists. Therefore, anything thagmhihinder completion of the task needs
to be cleared before it is assigned. During Lookdhelanning (2-6 weeks before weekly
work plan assignments are made), tasksraéde readyln a landmark paper on shielding,
Ballard and Howell proposed fivguality criteria against which a task must be checked

before it is allowed into the weekly work plan (Batl and Howell 1998). These are:

(1) Definition: Is the task specific? Will it be clear when it een finished?

(2) SoundnessAre all materials available, including completednequisite work, for the
task to be performed?

(3) Sequencels the task being performed in the correct order?

(4) Size:ls the task sized to the capacity of the crew?

(5) Learning: When assignments are not completed, are theydda@nd reasons

identified?

The facilitator of the Big Room meeting checks floese conditions in order to ensure
that the customer of any task (the trade that inmately follows) is furnished with all
that is necessary to complete it successfully. Beeall downstream work suffers when
a task cannot be completed, it is crucial thafféleditator rigorously honor this checklist.

Once a task has been made ready, it can safelysignad to enter the flow.
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The quality criteria “soundness” is satisfied thgbwonstraints analysis and removal. In
the public transit metaphor, the quality criter&tindness” is analogous to a parent who
wakes up, dresses, feeds a school child, and $emds the bus stop in time to board the
bus at its scheduled arrival time. As in the metajolal kanban cart, a Weekly Work
Plan signals a request for a task to be completedttie customer that follows
(Figure 82). It includes critical information such as: deption of the task, a final check
that all prerequisite tasks have been completecalirrphiality criteria have been met, and

an indication as to when the task will be perforrtteat week.

Weekly work plan

Stage

Task description FEE analysis

| 5 | Y | N |Ressons for incomplete”

Figure 82. Weekly Work Plan
(Lean Construction Institute 2009)

9.1.5.2.3 Facilitating flow: Percent Planned Comple te (PPC)

As has been mentioned previously, variability islegirable when attempting to achieve
flow. To test this principle, Tommelein (Tommelei®97; 1998; 2000) developed two
computer models which simulated manufacturing ees. The researcher compared the
total time required to complete a process whernviddal component tasks were assigned

deterministic (coordinated) sequencing versus whesy were assigned stochastic
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(random) completion times. The results, illustrated Figure 83 demonstrate the

detrimental impact of variability on flow.
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Figure 83. Impact of variability on flow
Variability adversely lengthens overall project scledules
From Tommelein, I. D. (1997Discrete-Event Simulation of a Pull-Driven Matesal

handling Process that Requires Resource Matchixgniple of Pipe-Spool Installatipn
Technical Report 97-2, Construction Engineering Biathagement Program, Civil and
Environmental Engineering, U.C. Berkeley. Reprinteth permission from the author.
Section 9.1.5.2.4discusses ways to fill otherwise unproductive timigh workable
backlog. However, the impact of variability is impant because work cannot be
infinitely buffered. The Weekly Work Plan kanbanatbh” of one day, for example, is
still a defined time limit that should not be exded if flow is to be maintained. The
assumption is that some work will be accomplishedenguickly than planned. However,
an alternative scenario is that planned work exsésdexpected completion time. With
respect to the public bus analogy, such a scemaap be envisioned as a bus trapped
behind an unforeseen traffic accident—making thieicke arrive at stops later than any

reasonable amount of buffering could have accombedd®&ut buses can also be delayed

by unmotivated bus drivers, as well as by unforggviraffic conditions. For most public
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transportation networks in the United States, dsi\are held accountable to complete a
route by a specified time. Accountability is imgort because it increases reliability and

reduces variability.

The critical nature of reliability is also recoged by the Last Planner. For example, a
measure of work flow reliability calleBercent Plan Complete (PP@ embedded in the
Weekly Work Plan process; PPC is used to increbsergliability of planning by
reducing variability. The idea is that specifickaslesignated to be completed before the
next “Big Room” Last Planner meeting are listedribg Last Planner meetings, the list
of all items that had been planned to be compldigdthat time is checked for
completeness. Research has demonstrated that wbes disciplined screening of
potential commitments is used in combination witgemt expectations and peer pressure
to make reliable promises, PPC increases—an indiic¢ghat the reliability of planning

increases (Ballard 1999; Ballard and Howell 19%8y(res 84 & 895.
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Figure 84. A Percent Plan Complete (PPC) chart
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Figure 85. Impact of reduced variability on flow

Because variability negatively affects project sithes, it is advantageous to reduce
variability. A PPC chart increases the reliabibfydeliverables by motivating workers to
maximize their PPC ratings.

It is important to mention that PPC should not bstaken as an indicator of productivity.
In fact, if participants took it as such, those wiromise to complete an activity might
purposely under-promise simply to boost their PE@es Instead, the role of PPC is to
enhance reliability of work promised, making futyglanning more reliable. In the Last
Planner, one critical aspect of the facilitatorered to keep participants accountable to
completing the tasks which they themselves promisedulfill during reverse phase

scheduling.

When a task is not completed as planned, the Weaklgk Plan includes a section to

indicate the cause for the divergence under “re&sioimcomplete”, in order incorporate
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learning into the process should a similar situatéwise again. This activity will be

discussed in the following section on continuouprisrement.

9.1.5.2.4 Buffering capacity loss with workable bac  klog

Manufacturing in a factory can often be carefulbytrolled. However, this is not true for
construction projects erected on site. The metaphtire circulating bus as agent of flow
is useful because, like a construction projecffitraonditions are often variable, making
it difficult to design a perfectly timed bus sché&duTo address this uncertainty, many
public agencies build buffers into bus schedulespsat which a driver should stop and

walit to realign departure times with those thatehbgen scheduled.

Generally, lean manufacturing discourages the @daiffers and labels buffers as waste

because they interfere with the objective to achiewve-piece flow.

In the controlled conditions of a typical factorgne piece flow without buffers is
potentially achievable. However, the variabilityaafnditions of a construction site make
the elimination of all buffers more difficult, ifad impossible. The Last Planner System
acknowledges the reality of construction site Jaliiy by permitting the inclusion of
some buffers. However, because unused buffer taresntithetical to the lean ideal of
waste elimination, Last Planner designates cemaim-critical path tasks asorkable
backlog.In the bus route analogy, this might entail askimg driver to use the waiting
time to collect ridership statistics, for exampde,to personally refresh himself with a

needed coffee break. On a construction site, Bhlias remarked that it would be better
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for the project if workers stood with their handstheir pockets waiting for the next task
rather than overproduce or perform work that is @usequence (Ballard 2004). But if
buffer time is substantial enough, it would be ebetter for the project if workers were
to produce non-critical path items that have babeled asvorkable backlogduring that

buffer time. Workable backlog renders buffer timeductive in the Last Planner kanban

system; it is a form of load levelling—and is arpopunity to tranform waste into value

(Figure 86).

Figure 86. Relationship between critical tasks andiorkable backlog
Adapted from Ballard (2009a)
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9.1.6 The importance of continuous improvement (kai zen)

The design engine of lean construction operatesirwia culture of continuous

improvement, as suggested bigure 87.

Kaizen

L\

Figure 87. Continuous improvement: kaizen

Business-as-usual P The Lean ideal

Lean thinking is like an infinitely large loose tdainder; it assumes further waste can
always be identified and eliminated and additiomalue can always be created and
incorporated. The lean model of continuous improseims based on Shewhart and

Deming’s PDCA Circle—an acronym for Plan-Do-ChecétA-as shown idrigure 88.

O} Plan

Do

s
W

Check eo

Figure 88. The PDCA or Deming Cycle
Adapted from Shewhart and Deming (1939)
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The PDCA circle really represents the scientifiogass of developing a hunch or
hypothesis of how a challenge may be met (plamgting those hunches through
experimentation (do), checking to see if the raswf the experiment validate the
hypothesis (check), and then modifying the hypathés better explain the results
obtained (act). Since there is ever more to knbecircle is perceived as continuous and

never-ending.

9.1.6.1 Tools to assist continuous improvement

To feed the PDCA cycle and recognition of areas ¢ha be improved, a number of tools
have been developed. For example, most lean catistitumeetings end with a A/
debriefing exercise. Although seemingly simple,/A exercise is really quite effective.
During it, a facilitator invites all meeting paipants to openly offer what they feel
worked effectively during a meeting as well as thviich they feel can be improved.
Several rules must be obeyed: the facilitawmstrecord all comments proffered (i.e., she
may paraphrase but not edit). This is importantabee doing so motivates participants to
speak up; some of the best ideas emerge when ammment is perceived as safe and
non-confrontational. In the plus (+) column, theiligator records those items which
participants feel worked well and which should bpeated. However, note that the tool
is written as +A rather than +/-. The distinction, though seeminglyptle, is actually
significant. Delta 4) represents opportunity for change whereas mifuisnplies fault-
finding. Lean principles are designed to reinfoaceulture of collaboration and to focus

on continuous improvement—a process which is agttithl to fault-finding.
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Figure 89. +A chart used to facilitate continuous improvement

Another tool used to inspire continuous improvenianludes root cause analysis using
the “Five Whys"—a topic which has already been désed in Chapter 2. Root cause
analysis is used after Percent Plan Complete (RR&Jxises to determine the causes of
failure when PPC objectives have not been met abatijjustments may be made when

encountering a similar situation in the future.

In the subject case study that will be discussddijtianal processes, such set-based

design and the Choosing-by-Advantagedecision-making method (Suhr 1999) have
provided opportunities for hypothesis creation &sting, using the PDCA cycle. These
processes, as applied to the subject case study deen well described and documented
in a doctoral dissertation by Kristen Parrish (R&rr2009). The interested reader is

advised to consult this document for more inforoa@bout these processes.

9.1.6.2 Lean terminology: a byproduct of continuous improvement

Much has been written on lean construction, inclgd relatively comprehensive report
for the Construction Industry Institute (Ballard &t 2007). To those first becoming

acquainted with lean thinking, the terminology @&omay be somewhat baffling
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(Bertelsen 2002). Partly because lean constructimthodologies have developed
incrementally over time by an array of researcla&s participants, a number of related
concepts have emerged bearing different namese¥ample, the termsjust-in-time
(JIT)” and “last responsible moménare nearly synonymous in meaning; the latter
simply adds a layer of humane realism. The conoéppull” is also closely related to
JIT, with pull explaining the “how” and JIT indiéag “when.” As mentioned previously,
pull describes a situation where a downstream ggosgnals an upstream process to
generate and deliver resources at the moment wiegnare needed. “Flow” is what is
achieved when processes are pulled just-in-timeaBse achieving flow is so critical to

TVD in construction, the concept of flow is discedsn detail inSection 9.1.5

9.1.7 The importance of the relational contract

As discussed isection 9.1.1the adversarial nature of most traditional Dedsgph-Build
environments encourages litigation. Contracts hesefore structured to avoid risk—a
practice which has generated a culture of blame lgightion. Lean construction
contracts, by contrast, are designed to motivallalmaration and the sharing of both risk
and reward. Drafted by Will Lichtig, an Integratédrm of Agreement (IFOA) bound
parties in the subject case study. The Americatituis of Architects has drafted its own

integrated project delivery forms of contract ashaf time of this writing.
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9.2 TVD Exercises: Cathedral Hill Hospital

Figure 90.Big Room meetings were used to engage both TVDLast Planner
processes.

(Photo by the author)
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Figure 91.During Big Room meetings the project estimator, Rd@mish, shared the
progress of the team toward meeting target cost.

(Photo by the author)

Page 244



CPWIG Cathedral Hill Haspital
TARGET VALUE DESIGM CLUSTER TROUF

WEEWLY UPDATE

Uk |

F1N
R TS

e e T AR

ol i e .

Figure 92.Refreshed TVD charts were distributed to team mesthering each week’s
TVD meeting.

(Photo by author)
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Figure 93. Team members actively participated during Big Ronaetings.
(Photo by the author)
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The Lean Project Office

Figure 94.Lean construction emphasizes visual communicaRosting project
information on the walls is part of the strategyeafn construction.

(Photo by the author)
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Figure 95. Surrounding the project office with visuals assidtee lean agenda.
(Photo by the author)
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Figure 96. Set-based design solutions were posted on thegbroffice walls to facilitate
comment-making.

(Photo by the author)
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| T@yoTA RoOm

Figure 97.Meeting rooms were given lean construction namesrtond participates of
the lean context in which they work.

(Photo by author)
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Figure 98.The Cathedral Hill project team office was fitteat avith a Big Room and six
smaller conference rooms that were labeled with feames.

(Photo by the author)
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Figure 99. Supporting Integrated Project Delivery: Room megsnhedules for Cluster
Group, Committee, Core Group and Big Room meetfiiy$ and Last Planner) were
posted throughout the project office walls.

(Photo by the author)
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9.3 TVD Gap Analysis
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Figure 100. TVD Gap Analysis: Cathedral Hill Hospi@al (1 of 3)

Reprinted with permission from Paul Klemish (2009).
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Figure 101. TVD Gap Analysis: Cathedral Hill Hospi@al (2 of 3)
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Figure 102. TVD Gap Analysis: Cathedral Hill Hospital (3 of 3)
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9.4 TVD Gap Pulse Report: Cathedral Hill Hospital

Cathedral Hill Pulse Report

December 2008

Rating is on a “"I-7" scale: I representing “strongly disagree”, 2 “moderately disagree”, 3 “slightly
disagree”, 4 “neutral”, 5 “slightly agree, & “moderately agres”, 7 “strongly agree”.

Questions arranged in ovder of most agreement to least agreement for the current month s reading

Question B | e | e BT | B ||

i (2) €] ] (6) (N
I am learning new processes and _ 1 4 10 42
procedures. 6.5 305 6% 299 4%
The Cathedral Hill Hospital Project 6.2 1 2 1 4 32 27
is headed in the right direction. - 2% 3% 2% &% 48% 40%
There has been an honest attempt 6.0 3 2 3 5 2 26
to resolve project issues. ' 3% 3% 3% 7% 42% 39%
The project team members - 1 3 1 15 - 26
demonstrate a spirit of 5.8 ‘,;/ o o o S0 J?J% 3‘9%
collaboration. - = o - “e 3
The project team members trust - = 1 2 3 5 8 37 10
one another. > 2% 3% 5% 8% | 12% | 56% 15%
The project has a clearly 5.3 1 3 10 2 22 15
articulated mission. 2% 5% 3% 15% 18% 33% 23%
We have the proper information 1 6 . s g 19 20
technology/tools to complete our 5.3 205 98 ”'% g0 joe 1084 __?T_:,%
Tﬂ-‘,k. ey o =l L 50 £
The project leadership structure is = 1 4 3 7 10 22 14
clear. > 2% 5% 12% 11% 15% 33% 21%
In t]J:E last seven |:_ia;.-'s. Ihen_'e g g 7 g 16 14
;Zi?;;i;ﬁiﬂ:m orpraisefor | 46 1 pep | 149 1% | 13% | 25% 22%
Our meetings are productive. 45 2 6 11 12 13 20

3% 9% 16% 18% 19% 0% 3%
The owner is accessible. 43 4 3 7 16 9 15 4

’ 6% 1383 11% 25% 4% 24% &%

Often I feel pressure to not “rock
the boat”™ by speaking my mind 39+ 17 14 & 8§ 11 6
about what's going on with the - 26% 22% 9% 12% I17% 9% 5%
project.

*This ftem is reverse-scored; a low mean s preferred

Figure 103. The Cathedral Hill Hospital Pulse Repar(1 of 9)

Survey administered to team members
(Cathedral Hill Hospital Integrated Project Deliy@ream with Stephanie Rice 2008)
Reprinted with permission from Stephanie Rice.
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Meetings (number, focns)

+  Sometimes, with all the mestings we have, 1t Is too much to ask to attend study action teams.
Thus, we need to increase productivity n mestings to shorten the duration.

*  The number, type and frequency of meetings should be reconsidered as well as who attends
these meetings. There are times when it feels like one is in a lot of mestings and cannot get
the actnal work dene.

«  Miumize number and duration of meetings

* Fewer meetings and raiming sessions. I hike the meetings and traming sessions but it 15 hard
to get work done in a timely manner with so many meetings and traming sessions.

# Shorter more focused mestings - maybe "Scrum” onented for particular workgroups.

» meetings need to have the nght people and stay on schedule
Our meetings could be mouch meore productive if people amved on time and prepared.

+ Clanfy meeting purposes and roles of cluster groups

» Fewer meetings with more content and the right people present. Stop multiple meetings on
the same subject. Get the right people in the room and use the mesting to make a decision
Don't use meetings te schadule more mestings to schedule more process to ...

= Constant problem of there being too many mestings. Meetings should be more consolidated,
and there should be a dedicated black out’ me where no mestings can take place each week.
At times, we should all spend a little less time talking.

¢ MMestings should be scheduled no later than 2:00 pm and the attendance will increase and be
more consistent.

+ Update tools needed to complete the task. Fewer, more effective meetngs, rather than
endless meetings that don't accowmplish what they set out to do.

Heve's What We Are Working On ...
o Wewill develop and facilitate Meeting Management training to increase
effectiveness and efficiency of meetings. Stephanie Rice is inifiating a Mesfing
Management maining program. Training has been scheduled for 27309 and
211708, In addition, posters were c) ‘eated for each meeting room with simple
gum’sfrne: fo follow for gffectiveness.
o Wewill continue ongoing training on the Last Planner Process and the Weekly
Wark Plan to maximize gfficiency in Cluster Group meetings, and fo ensurg
consistency qf the Last Planner Process in geneval. dndy Sparapani issued a
draft of Standavd Work for Production Planning (Last Planner Process) based on
fiipnit from Cluster Group Leaders. The next steps ave fo receive and review final
input from Cluster Group Leaders and provide training for updated Standard
Wark by 3/25/09)
Cluster Group leaders will be divected ro update their list of Cluster Group
attendees, adding and removing people as needed and wpdaring the email
distribution lists in accordance with these changes. Sandva Koerner and Grace
Aguba will work to assist Cluster Group Leaders. Completion fargeted for
2412409,

(=]

Figure 104. The Cathedral Hill Hospital Pulse Repar(2 of 9)
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Articulation of Direction, Mission, Expectations, Deliverables

*  Transparency with Path to Entitlenents - are we building or are we delayed?

¢ [ believe that we need to have a more defined nmssion and wision for this project. One that
can help the team to develop a laser like focus that everyone can rally around.

* Deliverables should be clearly articulated

¢ We need honest alisnment with the OSHPD deliverable schedule, clear understanding of
what needs to be done, and then a concerted effort to deliver.

= A clear outline of the construction document content. [Cartoon set. Who provides what parts.
Who needs to work with another to avoid duplicate work effort.]

¢ Clearsr imderstanding of deadlines. The environment - need one where the team can see
each other.

»  Understanding trade parmer's expectations and nusinderstanding of expectations has beena
problem. One parmer may have a different understanding of his'her expectation on 13sues
and this lack of cormmumication has cansed problem.

+ Having formal direction on the tools or processes to be nsed. The process can be created
from the bottom up but onee created it needs to be directed from the top down that this
process is what will be nsed.

¢ Temm struecture, roles and responsibilities and regular, elearly-defined deliverables for all
participants.

¢ A bregkthrongh en enfitlements - give people a reason to ncrease their pace.

Here's What We Are Working On__.

o The project schedule is now targeting April 28, 2010 for the start of abarement
and demo, and we are racking variances against that date. Significant work is
under way fo move thar date up to some Tme earlier in 2010, There will be
upcoming planning sessions to ensure all deliverables and work gffort is aligned
with the current schedule. We will confinue fo need o practics | flexi bility of work
effort az an integrated team
There are several different versions of Mission and Fision statements (CPMC,
Sutter, IPD) for this project. We will work to combine these into one Mission
Statement that we can all rally around as an Tnregrated Project Delivery Team.
The Pulse Report Continuous Improvement Team have developed a proposed
drgft Mission/Tision Statement for submission to Core Group for review and
Jeedback on 2/10/09

[}

Coordination, Alignment, Collaboration, Planning, Resolution of Issues

¢  (Clearer direction re: how to proceed with design of features which are not accounted for in
the budget.

= Many of the Herrero Boldt team members need to get up to speed on accessing, reviewing
and interpreting the modal.

» 1. Getting TTEG working from the site. 2. A clear understanding of what "coordinated"
drawmgs submitted to OSHPD means from each discipline’s perspective.

=  better mtegration with users

» Look ghead at your needs and allow proper time for trade partmers to respond. In other words
avoid the last minute demands to get vou needed information.

Figure 105. The Cathedral Hill Hospital Pulse Repar(3 of 9)
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There was not a fill collaberation between all of the teams, the trades people were left ont.
After the Architects and the Users met they st out to lay out the ropms but they did not
mnclude Constructablity locking Tying to keep the cost and practicality.

Fesclution should be achieved ASAP on inclusion of 'value-added’ concepts so that the team
may progress on these 13sues

I feel that most people on this project are pretty open and are willing to listen to others ideas.
But there are a few that keep the process going too long. Sometimes it seems that this process
creates a envircmment that we try to re-invent the wheel ...

Here's Mhat MWe Are Working On...

o Dedicate personmel from HE have been assigned to support the implemeantarion
and undersianding of TDO within Cluster Groups. Michelle Hoffman and John
Mack have bagn .:'rs*rﬂ'ngn‘ to the MEFP and Interfors Groups, and Andy Spavapani
has been assigned to the Strucrural and Exterior Cluster Groups to support 3D
visualization and coordination using the Navis Works model.

o There is a focused work gffors with CPMC Suiter fo priovifize the “added value ™
list. Jotn Koga, Paul Elemish and the Core Group are working on a process that
documents the priovinzing and continusus updaning of the added value list. Core
Group is scheduled to review the list with the IPD Team at the TVD Meeting on
2709

Technology (website, virtual design, tools)

The whele virtual desizn and construction side (BIM). It seelns like we are all not on the
same page and don't have a platform that meets everyvone's needs. It seems like we are
performung a lot of rework, mstead of having tvac].111-:u1-:|g1r work "for” us mstead of against us.
Collaboration website 15 not kept up to date and is not accessible to all.

The Eevit model has reached a size where the typical computer workstation 1s no longer
adeguate to work efficiently.

Technology (software reliabality and same platform commumeation)

There 15 too nmch pmk email

More focus on BIMAWVDC

Heve's What We Are Working On...

o Weare developing BIM tvaining fo degpen iumderstanding and wse of 3D tools.

We ave working tfo firther incorporate BIM modeling in design review sessions
iD Coordination Standard Work Presentation traming was held on 1/26/09. We
are infegrating BIMTVDC specialisis(dndy 5, John M, and Michelle H.) into the
Cluster Groups.

o Weave developing and implementing training for Cuiclr. Andy Spavapani,
Stephanie Rice, Jack Steverson, John Mack, Rob Purcell and Mariah Whitney are
woriing on development of this hands-on fraining scheduled for 222508, Identify

“power nsers " within companias and cluster groups as resowrces.

o Coordinate so that every member of the IPDT has access to the Project
Collaboration Web Site (Quicker). (See above, pmrt of Cuicly training)

o Weare evaluafing finther integration of Lean prodicfon management and
plavming software and process into the project.  SPS|Production Manager and
TOEMO are being evaluated to determine their value over the current P6-to-
Excel model. An A3 and CBA recommendation is fo be complete by 2/27/00.

Figure 106. The Cathedral Hill Hospital Pulse Repar(4 of 9)
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o Develop a list of Equipment Upgrades needed for 64 bit Conversion. Jack
Steverson, Michelle Hoffman, Johm Mack and Andy Sparapani have completed an
internial A3/'CBA. Equipment has been ovdered and upgrades will be complere by
3109

Communication (updates, information sharing, feedback)

#  Trust between teammates. Alse, who we seek for information or tasks shouldn't be based on
accessibility. Sometimes, the mformation 15 not always carmed on to the proper teammates.

*  better conmmmcation regarding who 15 working on what subtasks, who needs to know the
cutcome and whe is the lead... it seems to be more of a shotzun effzct than a predetermuned
plan of action

* Twould like more mformation on a regular basis of where the entitlement process stands

+  Better feedback and comments from the clients on presentations to them.

=  Provide notifications for the continved education classes or managenial classes such as CBA.

Here's What We Are Working On ...

o Wewill be rolling out a quarterly CHH Newslettar dedicared to updating
everyene on project stanis, new faces in the office and whar lies ahead. Newslefter
Team, Stephanie Rice, Janette Najar, Tervance Stevenson, John Eoga, Sandra
Eperner and Grace Aguba have developed the template, 1*° Online CHH Project
Newsletter sef for distriburion on 3/009)

Ensure that everyone is granted access fo the Project Collaboration Site and
trained on how to use it gffecrively will ensure heightened communicarion
between irade pariners.

{See Techmology Section, part of Cuickr Training)

Lo}

Team Building Team Structure (working together, training, orientation)

* Team building and trammg. It has been a good effort so far. The project needs to go info
second gear.

¢ 1 The internal team structures of the rade parmers should improve to best support the
project schedule and collaboration needs.
2. The procedures for shanng information, schediles and for coordination ameng team
members need to Improve.
3. Buy-in from...

*  Team menbers nead to leam more about, and work together using Lean process

*  Omnentation was somewhat & problem. Trammng should have ocourrad according to a logical
plan and szquence. Wore should be done to prevent meeting overlap. Things oceur and get
approved m closter groups without determining whether the “right” viewpoint...

= all trade pariners should be here at 633 Folsom all days M-E. - not just one or two days a
week

Heve's What We Are Worlang On ...

o Wewill be dedicaring a wall ro Trade Parmer Orgaiization Charts 5o all team
memibers will have a visual aid of the IPDT soucnre, This will also enable all of

Figure 107. The Cathedral Hill Hospital Pulse Repar(5 of 9)
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us fo put names to faces. Terrance Stevenson is assembling Org Charts from all
Trade Parmers. Completion schedulsd for 2/27/09.

o We are developing and implementing short maining modules thar provide an
introduction to the Integrated Form of Agreement and to Lean process in the
context of Infegrated Froject Delivery. Aillve Heidemann is woriang on a ppt
presentafgon melding the IFOA and IFD. Complefion scheduled for 271309

o The first Lean Leadership SAT has just begun and will confinug to be offered to
gfferad to athers in IPDT.

Encouragement

¢ More encouragement from team leader

# There ought to be more fim events that bring together all the different organizations invelved
m the project.

Here's What We Are Working On...

o In ovder to recognize havd work and a job well done, Cluster Group leaders will be
asked to recognize havd work and a job well done in their weekly meetings. We wall
also be doing this in major meetings such as TVD, and there will be a rection
dedicated to recognizing havd work in the new Ouarterly Newsletter. Stephanie Rice
has asked both Poul Eemish and Rob Purcell fo add this ar an agenda item for the
TTD and Last Planner Megrings, Addidonally, we will have a section in the Online
Newsletter for Week recognition.

Owners (access, decision making)

» Better planming on design issues. Sclve the problems/challenges, ete. before moving on
Overlappmg and conflicting issues go unresclved too long and add to the confusion. Teo
much rework 1s bemg done. Owner accessibility has been on ongomg concem. Prin:lar'.
owner representation has been good but many end-users do not seem to "have time” to be
accessible. This has added sigmficant delays. Identifving and designating key plavers that
WANT to be involved over those that feel they HAVE to be involved would...

#  The ovwners need to start making decisions. We are bemg held up continnously because the
owners can't seem to decide what they want.

[n]

The IFD Team will veceive further divection from CPMC and Sutter in February
regarding the added value list.

o Itis important for IPD Team members to document reguests for decisions and
recommendations using the A3 Process. It confinues to be the best way to expedite
resolution gf issues.

We are working on ways for CPMC and Sutrar leadership to have move oppormmines
for visibility and commurnication with the IPD Team. The demands of a 51,6 billion
project, @ complex entitlements process, and other large projects in a complex
healthcare erganization make for a very challenging environment. e will continue
o nse the TVD meatings, Last Planner mestings, and the upcoming project newslefter
as opporamities for communicanon and divection for the Cwner

[n]

Figure 108. The Cathedral Hill Hospital Pulse Repar(6 of 9)
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What is the best thing about working on this project?
Team (joint effort, collaboration, accessibility & location, commitment)

» Most of the team acceptance of the collaborated site. Equal to that is the ability we have to
Innovate.

»  Having an mtegrated team in one office space.

# The co-location of the project team

= Being housed with the enfire design team and the trade parters helps develop the design
process.

= inmnediate access to AE members and construction partners to resolve issues as they come

up.

The collaboration with all of the partners is great.

Open commmmication and collaborafion with Southland

commitment of team members to domng & good job.

The cellaboration with HE and the other trade partners, the stuctural team, HES&S, Paul

Eeiser, Paul Klemish, Baris, Kevin Wade, Balf Modne--all the people I work with, and the

mechanical and phombing detailers whe are the real problem solvers for that group.

Team spirit

Collabaoration and process.

The complete accessibility to the entire team.

Collaboration!

People are starting to feel as one team (o1 misery loves company).

Having the team memmbers on board early so vou can go to the source for answers, limiting

speculation

#  The concept of the complete collaborative force being mn the same location is fantastic and
when we all collaborate this project can do anything it wants to make the best hospital m the
world.

» (Co-location, collaboration, and inmovation.

# The immovations of project cellaboration through the IPD Team and BINM, the contimions
support of training (CBA, lean, etc) and the focns on sustamabality.

#  lunches, working with others cutside your own company

= Having the various trade pariners on board to contnbute to the design

¢  The cellaborative nature of the team, and the fact that this project 1s so tmpertant to San
Francisco.

+ new collaborative team work and new tools

¢  The freedom and ability to be able to go directly to the person that has the mformation that
you nesd or need to pass on. I believe that this greathy helps the entire process. By being able
to work together in flus way I see how we a5 a team are able to...

= Apcessibility to trade parmers to resclve 1ssues and with the hope of a tusting team, the lack
of paperwork required and or time required to resolve issues.

¢ The frunts of collaboration are beyond measure. It has enabled a unified attitude and progress
not seen before.

« An effort at collaboration and teanvwork. WNice to work with all kinds of people, though
someetimes it 13 hard to discern what each person i1s bringing to the table.

+  Working with other teams.

Figure 109. The Cathedral Hill Hospital Pulse Repar(7 of 9)
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* Co-located team atmosphere. New methods, ideas, & processes.

The People (smart, helpful, easy-going)

# The people. Professionals werking with Professienals at all levels in an open mmd
collaborative way. Nothing short of spectacular.

+ People’s attimdes

¢ [ am emoying the “character” of the project. Many of the people mvelved are knowledgeable,
expressive, and creatrve. This environment permeates the project and creates an overall
positive approach to most 1ssues.

+  Workmng with great people to accomplish and build a truly sutstanding project.

¢ The people. Evervone 15 smart easy gomng and very helpfl.

#  The people

«  Workmg with many different people from many different compames. Leaming & vast ameount
of knowledge and working together as a team.

*  The IPT team members

»  Workmg with a lot of good people

The Nature of the Project (exciting, rewarding, ability to be innovative, learning
environment)

*  exciting and nteresting

» Itisthe "career” oppormumity of a lifetime, nniegue Integrated Project Team and working in a
lean envirenment.

*  The owner's strong direction to be movative and the recogmition that this mcreases up-front
design costs.

» Integrated project delivery

= Provides a leamning enviromment.

* So many things. The project itself - providing a new health care facility to the physicians,
murses, staff, patients and therr fanulies. The leaming environment, embracing nnovation,
collaberation and problem selving.

=  The amount of leamning that 15 acquirad on a daily basts.

* [ have never been this heavily mveolved this early n any project. It 1s very rewarding to be
able to have mput in the design and constmuctibility of a project (especially of this
magnitude]).

= sense of doing something new and doing it well

*  Working with the major trade partners because you setmally leam something from the
Interaction

+ the leaming process —it’s always something new

* Interdisciplinary approach to identifying and reselving issues.

+ complexity of the project and the mnovative method of project delivery

» The opperimity to leam new processas and procadures.

= The owner's sincers desire to do things differently.

= 1 At mdividual level there are eppornmities to leam new tools and processes. and grow as a
professional.

2. The mtegrated physical stucture is beneficial to a large extent.

Figure 110. The Cathedral Hill Hospital Pulse Repar(8 of 9)
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= The ability to freely leam and pursue ideas that would typically be cast away or shunned on
past projects.

Processes

IFD

The IPDT structare is a great way to work through pre-construction

[FOA, Lean mplementation, VDC

Starting to use several cld processes and some new processes to early 1dentify hurdles and
solutions.

Figure 111. The Cathedral Hill Hospital Pulse Repar(9 of 9)
Note: Figures 90-111 are included with permission
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