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ABSTRACT
Healthcare

facilities

are

a

unique

market

sector

in

the

Architecture,

Engineering, and Construction (AEC) Industry. These facilities are complex buildings, with
planning, design, and construction potentially spanning five or more years. They reflect both
changes in population demographics, such as population shifts or human lifecycle, and they
constantly are reacting to changes in technology, such as changes in medical practice or simply
newer medical equipment.
Acquisition strategy, which defines the overall methods used by a facility owner or
developer to plan, program, design, build/construct, and operate the facility, is also most
commonly referred to in academia as the delivery system. This dissertation looks at the
relationship of delivery methods, procurement methods and contracting methods on healthcare
related projects to project cost and schedule performance outcomes.
This was achieved through the introduction of a continuous variable, “Degree of
Integration” (DOI), to replace historical categorical analysis of delivery methods. This DOI
uses attributes representative of a given delivery method’s scale of integration and probable
collaboration. The results show a statistically significant relationship between the DOI and
reduced cost growth.
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Chapter 1
Introduction
Healthcare

facilities

are

a

unique

market

sector

in

the

Architecture,

Engineering, and Construction (AEC) Industry. These facilities are complex buildings, with
planning, design, and construction potentially spanning five or more years. They reflect both
changes in population demographics, such as population shifts or human lifecycle, and they
constantly are reacting to changes in technology, such as changes in medical practice or simply
newer medical equipment.
Acquisition strategy, which defines the overall methods used by a facility owner or
developer to plan, program, design, build/construct, and operate the facility, is also most
commonly referred to in academia as the delivery system. However, within the context in which
“delivery system” is commonly used, it is limited to the design and construction of the facility,
and thus to some degree does not encompass the breadth of the facility lifecycle from the
owners’ view.
The planning, design, and construction of the facilities, while secondary to the intended
use of the facilities, has a direct impact on the ability of the healthcare practitioners and
administrators to provide healthcare. Additionally, the costs associated with these facilities
compete with capital required to provide direct patient care and associated ancillary services.
The tug-of-war between multiple capital requirements is a balancing act that all healthcare
systems through individual practitioners or private practice providers have to assess with every
repair or new construction project undertaken. (Repair is used as a general term, referring to
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any construction work in a building that is not new construction. This would include restoration,
retrofits, and modernization or renewal projects.)

The complexity of these facilities

understandably relates to a high cost per square foot for a healthcare facility. These high costs
further highlight the implications of capital facility allocations facing the healthcare industry
today.
Considerable research on the relationship of delivery, procurement, and contracting
methods to the probable outcome of cost and schedule has been performed in the broader AEC
Industry. However, these studies have lacked a representative sample of complex facilities, and
more specifically projects from the uniquely complex healthcare facility sector (Bennett et al.
1996; Konchar 1997; Ling et al. 2004).
While the previously published work makes strong statements about the benefits and
disadvantages of project delivery methods such as design-bid-build (DBB) versus design-build
(DB) versus construction management at risk (CM at Risk), the association with complex
buildings cannot be assumed. Additionally, such singular categorization of delivery methods is
not a reality in the construction industry today (Miller et al. 2000; Powell et al. 2007).
Preliminary work conducted on this subject in the healthcare sector has identified a mixture of
attributes used relating to delivery methods (Manning and Messner 2007). This preliminary
work is discussed in detail in Chapter 4.
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1.1

Background
Currently in the United States, there is significant growth in the construction of

healthcare facilities. This healthcare boom is driven by multiple factors ranging from population
shifts within the U.S., aging facilities which no longer meet modern operational practices and
efficiencies, to significant shifts in building code requirements such as CA SB 1953 in California
relating to seismic requirements (Carpenter 2004; Parsons 2007). The last major healthcare
construction boom occurred in the U.S. during the 1960’s and 1970’s, when design-bid-build
(DBB) delivery systems were the norm (Carpenter 2004; Sanvido and Konchar 1999).
From 2002 to 2003 there was a 10.7% increase in construction spending on hospitals
across the U.S. Additionally, there was a 15% spending increase for medical office buildings
during the same period (United States Census 2003). Healthcare sector surveys have found that
annual construction value has increased to $18 billion per year and is projected to be as high as
$30 billion (Carpenter 2004; Parsons 2007). A survey conducted by RSMeans® in 2010
suggested even stronger potential healthcare construction sector spending projected than
anticipated, with new construction potentially over $60 billion and renovation estimated at over
$25 billion ongoing or planned (Hrickiewicz 2010; United States Census 2014).

The AIA’s

Chief economist estimate suggested the strongest industrial sector for construction to be
healthcare for 2013 and 2014 (Baker 2013).
If collectively the healthcare industry (owners, designers, and builders) can optimize the
current process to effectively reduce costs by even a minimum of one percent there is a potential
to save hundreds of millions in facility capital investments currently planned. One percent alone
in California’s projected 10-year healthcare facility capital investment would save
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approximately $300M (Dauner 2004). Applying similar inefficiency across the entire U.S.
would equate to multiple needed healthcare centers not being built because of a lack of available
capital funds.

1.2

Theoretical and Concept Statement
Many construction projects encounter cost and schedule overruns during the acquisition

process, from planning through construction (Federal Facilities Council 2001). This problem
in the broader AEC industry is no less prevalent in the healthcare sector (Carpenter 2006; Sadler
2006). With hospitals spending as much as a quarter of their annual capital investments on the
construction projects either for renovation or new facilities, it is understandable how cost is seen
as an overarching project success factor (Carpenter 2006). Further, with projects being driven
directly to support specific modalities of care relating to healthcare profit centers in the overall
annual budget, schedule performance also becomes a critical project success factor (Carpenter
2006).

Delays in the facility operations, thus delays in income, can have significant

downstream budgetary effects on the hospital and have further consequences on the anticipated
funding resources (capital asset allocations). Cost and schedule, while not the only potential
metrics for project success, are common fundamental metrics used both throughout the broader
AEC Industry and within the healthcare facility market sector as they have direct impacts on the
bottom-line of an organizations budget and recurring annual impacts as these significant capital
expenditures are financed (Konchar 1997; Levitt 2007).
This research investigates the impact of various elements of a facility acquisition
strategy on project success. This theoretical construct is graphical represented in Figure 1.
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IV

Independent Variables

MV

Mediating Variables

Delivery
Procurement
Contracting

DV

Dependent Variables

Project Success

Figure 1: Theoretical Research Construct

1.3

Previous Preliminary Research Effort
Research work on this subject has been ongoing to help develop the basis for this

proposed work. The work is discussed in more detail in Chapter 4, Preliminary Research Work.
One of the findings of the preliminary work was the fundamental challenge of common
terminology and definitions particularly in that of the various delivery methods.

These

variations in terminology are discussed at length in the literature review and preliminary work
chapters. One of the challenges, and perhaps a reason why related research containing sample
populations from the healthcare sector are limited, is a basic disconnect in terminology used in
healthcare and that of AEC academia. However, as discussed in the literature review, even
within academia the terminology used is not as “black and white” as might be preferred. For
this reason an extensive explication of some key terms was conducted and the following terms
will be used consistently throughout this research.
Acquisition strategy which defines the overall methods used by a facility owner or
developer to plan, program, design, build/construct, and operate the facility, is also most
commonly referred to in academia as the delivery system. However, within the context in which
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“delivery system” is commonly used, it is limited to the design and construction of the facility,
and thus to some degree does not encompass the breadth of the facility lifecycle from the
owners’ view.
Delivery method, sometimes referred to and limited to only organizational structure, is
the method by which the project participant relationships are structured and the sequence in
which they are acquired in the overall acquisition strategy.
Procurement method, or more accurately the procurement selection method, is more
commonly understood and thus has less confusion in its definitions. The procurement method
is the process in which the owner, or entity contracting services, selects the team of contractors
used in the acquisition of the facility (El Wardani 2004; U.S. Federal Government 2005).
Common procurement methodologies include sole source, best value, and low bid selection.
Contracting method, sometimes referred to as contract type, is also fairly unambiguous
in definition across various parties involved in the acquisition and capital investment of a
healthcare facility. Contract methods are identified by the terms in which they assign financial
risk to the various team members (Sanvido and Konchar 1999).

Common contracting

methodologies utilized include guaranteed maximum price (GMP), lump sum, and cost plus fee,
etc. within the AEC Industry market sectors.

1.4

Research Statement
The proposed research is defined in the following paragraphs, and detailed in Chapter 3,

Methodology, of this document. The general research statement is:

7

For the healthcare sector of the architecture, engineering and construction (AEC)
industry what is the relationship between delivery, procurement, and contracting methods to
cost & time.

1.4.1

General Hypotheses
There are three primary hypotheses at this time which will be investigated with this

research.
H1: More integrated delivery methods yield a higher degree of healthcare facility
construction cost control.
H2: More integrated delivery methods yield a higher degree of healthcare facility
construction time (schedule) control.
H3: Delivery methodology significantly outweighs the impact of procurement and
contracting methods for controlling cost and time on healthcare construction projects.

1.5

Contributions to Knowledge
First and foremost the investigation provided relevant research for the healthcare market

sector relative to acquisition strategies that are notably missing from previous well known and
cited studies that were developed for the broader AEC Industry (Bennett et al. 1996; Konchar
1997; Ling et al. 2004), analysis of the Healthcare AEC market sector.
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Secondly, the research provides a foundational metric in benchmarking and analysis of
the delivery method used for a facility project. This is key to the advancement of such research
for two primary reasons. Most importantly it provides a ratio or continuous metric for the
delivery method (Figure 2) versus the nominal or categorical measurements that have been used
in past work. A continuous variable allows for more rigorous statistical analysis which is the
intent of a stochastic approach to research. Many studies in the AEC Industry relating to
construction management take idiographic approaches, which are useful, as important lessons
can be learned through diligent case based approaches. The second benefit in employing a
continuous variable for delivery methods utilized is that it allows for differentiation in project
delivery method variations. Previous related studies have used a stove pipe approach defining
the delivery methods for a project and did not allow for any variability within the respective
categories. This challenge is amplified today because the acquisition strategies used are not
singular in their structures, and mixtures of delivery methods are becoming more common place
in the AEC Industry (Miller et al. 2000).

The use of a continuous variable for the delivery

method allows for a metric that acknowledges the attributes of the respective projects
uniqueness when an exhaustive categorical list would have little statistical viability.
(Tabachnick and Fidell 2007)
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Figure 2: Delivery Method as a Continuous Variable
Finally, the research also addressed a new paradigm relative to previous research
approaches on this subject where delivery, procurement and contracting methods were
examined as three distinct independent variables (IV’s) relating to the dependent variables
(DV’s) of cost and schedule (Bennett et al. 1996; Konchar 1997; Ling et al. 2004).

1.6

Reader’s Guide
Chapter One is an introduction to the research problem and provides an overview of the

research. Chapter Two provides a literature review of the relevant corresponding literature that
was conducted and used as a basis for guiding this research. Chapter Three is a description of
the research methodology used. Chapter Four discusses in more detail the preliminary work
that was the genesis for the “Degree of Integration” concept. Chapter Five provides an overview
of the “Degree of Integration” development and formulation. Chapter Six provides an overview
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of the project data set and the resulting statistical analysis. Chapter Seven is a comprehensive
review of the results of the research, recommendations for future research, and conclusions.
Appendices are included with data collection and survey tools used in the effort.

Chapter 2
Literature Review
The review of previous literature relating to this subject matter was critical to the
development of this research. The previous research provided both foundational and guiding
principles for the proposed research. The literature also provided insights into the challenges
with similar associated research, the areas where relevant relationships were found and where
contributory variables postulated to have project impacts were found not to be relevant.
Through the review of multiple studies from different countries and time frames, it provided
insight into the areas of foundational studies which were found to be strongly supported through
peer reviews. Additionally, those areas of previous studies, which were challenged through
subsequent scholarly peer reviews, also proved to be valuable for shaping this research.
First, a brief history of the architectural, engineering and construction (AEC) industry is
presented. Secondly, the literature review focuses on the overall concept of acquisition strategy,
its primary components (delivery, procurement and contracting methods), and its relationship
to project success. Following this primary focus, the literature reviewed is organized to explain
the operationalization of a continuous metric for the evaluation of delivery methods used.
Finally, a literature review of information specific to healthcare facilities and relevant to this
research is presented. This is depicted in Figure 3.
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History of Practice
Overview
Acquisition Strategies
Integration Metric
Conceptualiation
Project Success
Healthcare Facility
Specific Topics

Figure 3: Literature Review Structure

A fundamental notion carried through multiple relating studies, which helped shape the
context and development of the researchers thought process, is based on a recurring theme of
integration:
•

Integration of design, integration of delivery, and integration of practice in the
Architecture, Engineering, and Construction (AEC) Industry;

•

Integration is applied and stated in a non-explicit manner where others discussed
various acquisition strategies and its fundamental components of delivery,
procurement, and contracting;

•

Integration of teams in such a way that project participants are engaged in a
collaborative manner to design and build facilities which house and shape
humanity; and

•

Integration in such a way that project development is a concurrent and matrix
approach versus the linear approach in more traditional methods the past 50 years
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(Alberti et al. 1986; Beard et al. 2001; Rousseau 2008; Sanvido and Konchar
1999).

2.1

History of Practices
Winston Churchill is often quoted as saying “we shape our buildings, thereafter they

shape us.” The idea of buildings in society, the people that design and build them, the way we
build them, and the way they shape our everyday lives has permeated throughout our history.
The days of the doctor visiting the patients at home has long been replaced with the patients
visiting the doctors. Today in the United States many start and end their lives in healthcare
facilities. Healthcare facilities are where the human life cycle begins, often ends, and are visited
between these two points of time.
Beard et al. (2001) and Konchar (1997), among others, have noted in their work the past
history of the master builder where designer and builder worked together as common practice,
in an integrated fashion. This concept of an integrated designer and builder is exemplified in
Vitruvius’s documentation and discussion of architecture (Alberti et al. 1986). Beard notes that
even long before the master-builders, there was no conceptual differentiation between designers
and builders. Rules for builders existed as far back as the Babylon Empire with the code of
Hammurabi (circa 1750 B.C.). The first known deviation from the master-builder concept was
during the 15th century; while the master-builder concept remained strong through the 19th
century. However, the industrial revolution is credited with creating the shift to distinct
separations between specialized designers and trade skills for building. Beard et al. (2001)
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further identify the following characteristics as contributions to the segregation of designers and
builders:
•

task specialization,

•

increased tools to communicate design intent,

•

class distinctions in division of labor,

•

the fundamental precepts of the industrial revolution’s focus on entrepreneurship,

•

capitalism in the sense of market demands for capital, and

•

the development of professional societies.

Within the United States, the Miller Act, passed by the U.S. Congress in 1935, legalized
the separation. While not the only legal delivery method in the U.S., this act forced DesignBid-Build (DBB) into the majority. Even in this environment, the concept of integrated teams
or master-builders still existed. Some of the more noteworthy examples include Frank Lloyd
Wright and Ove Arup who represented the master builder concept and integrated design
practices which live on today (Brawne 1983; Pearce and Frewer 2003). The controversial Frank
Gehry continues the belief that integration of designers and builders is common sense (Lubell
2007) for the AEC Industry.

2.2

Acquisition
There are multiple ways used to define the overarching idea of an acquisition strategy.

The U.S. Federal Government’s Federal Acquisition Regulation, mandated through U.S.
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Congressional law identifies acquisition strategy as simply the plan or means by which a service
or goods is going to be acquired (U.S. Federal Government 2005). The methods used are then
the procedures or tools used to acquire the services or goods. These methods define the
structure, selection, evaluation, and contract specifics that will be used to execute the acquisition
strategy. Beard et al. (2001) refer to acquisition with eight primary steps relating to “facility
acquisition.” These steps are:
•

Owner Facility Planning;

•

Programming/Scope Definition;

•

Project Delivery Selection;

•

Procurement Methodology Selection;

•

Contract Format Selection;

•

Issuance of an RFP or IFB and then Evaluation & Contract Award;

•

Design and Construction; and

•

Operations.

Sanvido (1990) refers to the same process in the AEC Industry in a more focused
lifecycle element as “Provide Facility” where the action by an owner is to acquire a facility.
This action then has multiple inputs and outputs. The process is then influenced through more
detailed characteristics to represent product control, process control, feedback, and external
constraints. Within the event of providing a facility, multiple actions occur, which include
planning, acquisition, design, construction, management and operations (Sanvido et al. 1990).
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Later Konchar and Sanvido (1998) refer to the combination of the strategies used to
acquire a facility during design and construction as a “delivery system.” This is based on
Konchar’s (1997) research of over 300 projects within the U.S. and the relationship of a project’s
characteristics to project success. The project delivery system was used interchangeably as a
reference to the acquisition strategy used, and also when referring to the structure and sequence
of acquisition which define the delivery methods (see Section 2.3 for more discussion on
delivery methods). Ling et al. (2004) also used the term “delivery system” when discussing the
acquisition strategy and methods within the strategy, at times with ambiguity as to specifically
what level (strategy or method) was really being discussed. The emphasis on using “delivery
system” is perhaps due to an importance weighted towards the method perceived to have the
greatest impact (Beard et al. 2001; Bennett et al. 1996; Department of Transportation (DOT)
US 2007; El Wardani 2004; Konchar 1997; Peace and Bennett 2003; Sanvido and Konchar
1999). This use of the terms “delivery system” and “delivery method” has led to confusion
within the AEC Industry when discussing and defining actual acquisition characteristics and
processes (Manning and Messner 2007).
Another example of naming convention emphasizing implied significance of an
acquisition strategy’s methods is in Rwelamila and Edries (2007) review of project
“procurement systems” and knowledge base assessments of civil engineers. Here the top-level
strategy is defined strongly by procurement methods used and then there are second tier
attributes such as contract and delivery methods. These “procurement systems” are broken into
three sub-categories:
oriented.

(1) separated and comparative, (2) integrated and (3) management
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Overall the acquisition strategy is a means by which a team is assembled to acquire a
complex AEC project which requires many members with related and complimentary
knowledge and skills (Bedrick 2007; Federal Facilities Council 1993; Rwelamila and Edries
2007). This strategy in its complete form encompasses the entire lifecycle of the facility (CURT
2004; Jaafari 1997; Levitt 2007). Table 1 illustrates this notional idea of differing degrees of
knowledge among key project members relative to planning, design, construction, and
operations. Each of these distinct states has critical information required to successfully execute
a project (Sanvido et al. 1990). Rwelamila and Edries (2007) define knowledge base not only
as the competency of project participants with certain skills, but also with the methodologies in
the acquisition strategy.
Table 1: Project Lifecycle Knowledge Bases

Owner / Developer
Designers
(Arch. & Eng.)
Builder
(CM & GC)
Builder
(Specialty Trades)

Operations

Operation
(Specific / Depth)

Detailed Building
Knowledge

(General / Broad)

Construction

Building
Knowledge

Design

Advanced
Technical
Knowledge

(Needs &
Purpose)

Entity

Planning
Master Planning

Stage / Knowledge Focus

Highest

Limited

Some

Highest

Some

Highest

Some

Limited

Limited

Some

Highest

Limited

Limited

Some

Some

Highest

Highest

18
2.3

Delivery Methods
Delivery methods refer to the team organizational structure and the sequence in which

these team members are acquired. As an example Konchar (1997) and others (Beard et al. 2001;
Bennett et al. 1996; Jaafari 1997; Miller et al. 2000; Molenaar et al. 2005; Sanvido and Konchar
1999) refer to Design-Bid-Build (DBB) as a structure where the owner has separate agreements
(contracts) with the designer (architects and engineers), the builder (general contractor and
perhaps sub-contractors), and in some cases a construction management agency. Further the
sequence of acquiring these entities needed in the overall acquisition strategy for the building is
in a linear and generally sequential process.

Typically the design is bid, awarded, and

completed. Then that design is taken by the owner who puts it out to bid, awards it to a builder,
and it is executed by the builder(s). Figure 4 represents graphically this typical relationship and
sequence as it relates specifically to the design and construction of the facility. In this case the
construction management agency operates in the capacity as an owner’s representative or
advisor, which is generally dependent on the owner’s level of experience and in house staff
(Beard et al. 2001), and as such operates similar in capacity to the owner. The construction
management agency, if used, is brought on board at various points. This can be as early as prior
to the design acquisition, or sometime after the design is started, and prior to the start of
construction.
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Figure 4: Traditional Design-Bid-Build (DBB) Method

Some variations exist on this model, however there is general agreement in the definition
of this traditional delivery method structure and the sequence in which these entities are acquired
(Manning and Messner 2007). A noted variation used the same structure and sequence,
however, it broke the design and construction into phases where the foundation and structural
design might be completed and awarded prior to completely finishing the other elements of
design and awarding them. The terms sometimes used for this approach were “two-step” or
“fast-track” approach (Brennan 2011; Department of Transportation (DOT) US 2007; Elvin
2010; Pocock 1996).
Throughout the literature, this traditional method of delivery was noted as being highly
fragmented in its integration of the multiple team members (Brennan 2011; Garvin 2003; Jaafari
1997; Lee and Arditi 2006; Ling et al. 2004; Sanvido and Konchar 1999). These traditional
projects, also inherent to their sequential or linear acquisition, do not allow varied but
complimentary knowledge bases to be shared (Rwelamila and Edries 2007). The collaboration
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potential can be limited due to the non-concurrent activity (AbulHassam 2001; Jaafari 1997;
Skalak 2002; Zhu 2005).

2.3.1

Design-Build (DB)
Another commonly defined delivery method is design-build (DB). This method is noted

for allowing a more integrated approach to the acquisition strategy of a facility (Beard et al.
2001; Bennett et al. 1996; Federal Facilities Council 1993; Sanvido and Konchar 1999). Ling
et al. (2004) defines DB where the owner acquires the design and construction services for a
building under a single contract and the designers and primary builders are involved in the
project design and construction concurrently. A common result or benefit for the owner of DB
relationships is that the risk of design and construction coordination is shifted to the DB entity
(Konchar 1997). Because the sequence is concurrent the time from award to delivery of the
completed facility should be faster, all other variables being equal (Beard et al. 2001). While
supported through the research of Konchar (1997), Ling et al. (2004) refute that this applies in
all cases. Beard et al. (2001) also states, that this savings in time along with a collaborative
environment should have a direct effect on the project cost controls. Figure 5 shows a common
structure and acquisition sequence for conventional DB methods.
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Figure 5: Conventional Design-Build (DB) Method

While this defines design-build in its most common format, variations exist on this
methodology. The common attributes associated with DBB when used are not as conveniently
black and white in the AEC Industry for the DB method (Beard et al. 2001; Manning and
Messner 2007).

While Konchar (1997) defined construction manager at risk (CMAR,

CM@Risk or CM at Risk) as a definitive delivery method, he also noted that due to various
applications, there is sometimes little difference between CM at Risk and DB. Even with
nomenclature suggestive of an industry standard association, this is not always the case. One
such example is that of design-build-bridging (DB-Bridging) where the owner completes a
partial design through a separate contract and then hands this partial design to a DB team or
firm to complete the design and build the facility. This has the benefit to the owner of more
control over quality or specifics of the intended design. However, while this method is
recognized jointly by the American Institute of Architects (AIA) and Associated General
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Contractors (AGC), it is not always considered truly a design-build delivery method (AIA and
AGC 2004; Beard et al. 2001; Peace and Bennett 2003). The Design Build Institute of America
(DBIA) defines DB as “an integrated approach that delivers design and construction services
under one contract with a single point of responsibility [single contractual agreement between
the owner and the design-build entity].” (DBIA 2014) Beard et al suggest that the threshold for
preliminary design effort with a DB-Bridging approach is 35% or less. Understandably, this
varies even further around discussions of what exactly represents 35% of design in actual
practice.

2.3.2

Delivery Method Variations
The AIA and AGC note the existence of variations on these methods used within the

AEC Industry (AIA and AGC 2004). Examples include those the AIA identified: design-build,
CM at risk, single purpose entities, multiple prime, design assist, DB-Bridging and alliancing
as “traditional delivery methods” (AIA California Council 2007).

Beard et al. (2001)

acknowledges delivery methods some related to design-build which they term “concessionaire”
arrangements, sometimes called build-operate-transfer (BOT), and integrated service type
approaches. The U.S. Federal Government also refers to these types of relationships broadly as
enhanced use lease (EUL) agreements (U.S. Army 2007). Within these concessionaire type
arrangements, the entity contracted by the owner provides services along a much greater length
of a project lifecycle to include operations.
Miller et al. (2000) note that the AEC Industry is shifting to a “new paradigm” where
facility owners are borrowing attributes from multiple delivery methods, and the traditional
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nomenclature no longer applies in singularity. The AEC Industry continues to strive to improve
and refine the existing delivery methods towards better project success. No longer can the
project delivery methods be accurately categorized by nomenclature in silos or baskets that draw
hard lines of delineation. This common thread that is used within the literature reviewed is
based on the implied universal understanding of integration and the degree to which a project
demonstrates attributes of integrated delivery.

Refer to Section 2.6 for a more detailed

discussion of the concepts and attributes of integration.

2.3.3

Integrated Project Delivery (IPD)
An emerging delivery method becoming more prevalent in the AEC Industry is

integrated project delivery (IPD) which officially recognized by the AIA in June 2007 (AIA
California Council 2007). Levitt (2007) states that as the industry moves forward and research
advances in its support of AEC, a growing focus will develop on the reduction of fragmentation
and an increase in principles of integrated delivery processes more common in manufacturing
in response to supply chain management principles (Womack and Jones 2003). Magent (2005),
in his work focusing on process improvements for design integration, noted that a critical
element in affecting the increase in integration relating to high performing buildings is to have
decisions made at the right time, early enough in the process, with the appropriate information
by the critical team contributors involved in a building project. This emphasized the need for
builders to be involved early in the design development stages of a project.
Project delivery continues to evolve and re-evolve, and the abstract concept of
integration is becoming more prevalent. While not universally acknowledged in the AEC
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Industry or academia, the integrated project delivery (IDP) methodology is quickly becoming
the common classification for delivery methods that are highly integrated, collaborative in
nature and contributing to the overall project success. The AIA, California Council (2007)
defined IDP as:
“Integrated Project Delivery ("IPD") is a project delivery approach that integrates
people, systems, business structures and practices into a process that collaboratively
harnesses the talents and insights of all participants to reduce waste and optimize
efficiency through all phases of design, fabrication and construction.”
The AIA, California Council (2007) further defined some basic principles of an IPD as:
“IPD principles can be applied to a variety of contractual arrangements and IPD
teams will usually include members well beyond the basic triad of owner,
[designers], and [builders]. At a minimum though, an Integrated Project includes
tight collaboration between the owner, the architect, and the general contractor
ultimately responsible for the construction of the project, from early design through
project handover.”
The effect on project success is based in the concept that integration of expertise and
knowledge breeds collaborative environments and allows a pre-existing desire to achieve
project success to flourish. Characteristics of delivery methods which isolate team members
lead to an environment with unnecessary conflicts, confusion and rework, and sometimes legal
disputes (Carmeli and Schaubroeck 2006; KPMG 2007; Magent 2005). Projects, even if
successful in producing a quality facility when finished, can be perceived as less successful
when animosity permeates the acquisition process. Richard Fitzgerald, executive director of the
Boston Society of Architects stated “Ideally in the emerging age of integrated practice, there
will be no more lawsuits.” (Lubell 2007) The Construction Users Roundtable (CURT) noted:
“The goal of everyone in the industry should be better, faster, more capable project
delivery created by fully integrated, collaborative teams. Owners must be the ones
to drive this change, by leading the creation of collaborative, cross-functional teams
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comprised of design, construction, and facility management professionals.” (CURT
2004)

2.3.3.1 BIM as an Attribute of Integration
When the AIA defined integrated project delivery they noted that Building Information
Modeling (BIM) is a key attribute of IPD (AIA California Council 2007). This is also supported
in later studies relating to the effectiveness of various delivery methods and their effectiveness
to support desired project outcomes (Brennan 2011; Suermann 2009). This is predominately
because of the inherent feature of BIM to force information sharing and provide a foundation
for collaboration (Ashcraft 2006; Bedrick 2007; FMI and CMAA 2007; McCuen and Suerrmann
2007). The AGC, in their “Contractor’s Guide to Building Information Modeling,” also
supports the concept of BIM as an enabler of collaboration and information sharing tool which
increases project team integration (Khemlani 2006; Khemlani 2000; Leicht 2009).

2.4

Procurement Method
Another key methodology differentiated in acquisition strategies is that of the method

of procurement. At times, procurement is used to indicate an overarching system such as a
“procurement system,” indicating perhaps a disposition towards procurement as the major affect
in process to design and deliver a facility (Kashiwagi 2002; Rwelamila and Edries 2007). An
example is found in the focus by Kashiwagi (2002) to use best-value selection principles
coupled with past performance history to determine which bidder is most likely to deliver the
highest project success within an owner’s weighting criteria.
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Alternatively, it could be based in the similarities of the words “procurement” and
“acquisition” themselves. Within the AEC Industry, Beard et al (2001) has noted that there
exists a key difference between acquisition and procurement. Procurement is the means by
which the facility is purchased or more accurately the selection process used to acquire the skill
and resources needed. El Wardani (2004), based on Konchar (1997) and Beard et al. (2001),
defines five categorical procurement methods:
•

Sole Source Selection,

•

Qualifications-Based Selection,

•

Fixed Budget / Best Design Selection,

•

Best Value Selection, and

•

Low Bid Selection.

Beard et al. (2001) provides a view that “procurement represents the purchasing steps
that an owner or its representatives must take to gain the services and commodities required
under a chosen [acquisition strategy].” They define a relationship (illustrated in Figure 6)
showing the categorical variables in a continuum. This idea of accessing the procurement
methods beyond categorical variables, as an ordinal or ratio scale, is further identified by
Molenaar and Gransberg (2001).
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Figure 6: Procurement Continuum (Beard et al. 2001)

2.5

Contract Method
Contracting method (Anderson and Oyetunji 2003; U.S. Federal Government 2005),

also referred to as contract type (El Wardani 2004) or contract structure (Beard et al. 2001), is
another critical element of the acquisition strategy (Garvin 2003; Molenaar et al. 2005). The
contract method defines how the owner will pay for the services or commodities provided. More
specifically, it represents an allocation of risk between the owner and those contractors they hire
to design and build a facility. The most common contracting methods cited by Beard et al.
(2001) include:
•

Lump-Sum, where the owner pays a set amount for the services or commodities to
be provided;
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•

Cost-plus, where the owner agrees to pay a set fee on-top of expenses;

•

Cost-Plus w/GMP (or simply GMP), where the owner agrees to pay an established
fee on top of expenses, however a maximum total amount to be paid is set – the
guaranteed maximum price (GMP); and

•

Unit-Prices, where the owner agrees to reimburse the contractor based on
predefined units of labor or work and their predetermined cost for each unit.

Within the federal government lump-sum contracts are commonly referred to as FirmFixed-Price (FFP) contracts and cost-plus contracts are generally referred to as Cost
Reimbursement or Time & Materials (T&M) Contracts (U.S. Federal Government 2005).

2.6

Integration
While there is a belief in the concept of “integration,” and it is an implicitly understood

term throughout current literature, the concept has been approached by many means within the
research community (AIA California Council 2007; Azari and Kim 2014; Bedrick 2007; CURT
2004; Jaafari 1997; Lawrence and Lorch 1967; Manning and Messner 2007; Mitropoulos and
Tatum 2000; Phelps 2008; Pocock 1996; Sanvido 1990). Integration, taken as a primitive term
in which it is commonly understood in society without explanation (Chaffee 1991), provides a
challenge in the empirical measurement for the AEC Industry.
The term integration is a widely used term throughout many disciplines of study to
include sociology, operational theory, mathematics, physics, architecture, engineering, and
construction to name a few (Bedrick 2007; Carmeli and Schaubroeck 2006; Lawrence and Lorch
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1967; Levitt 2007; Phelps 2008; Zhu 2005). While the concept of integration is concise in usage
within mathematics and physics a methodology for problem solving, it is more broadly used
within other fields of study. While these other areas of research may focus on very different
topics, the usage of the concept of integration is similar. In a broad context, the concept of
integration focuses on bringing multiple entities, which previously existed in a segregated on
independent fashion, together into a more cohesive and interactive continuation (Lawrence and
Lorch 1967; Lawrence and Lorch 1967). In a general sense of this broad definition, the concept
of integration has been used with the assumption of a universal understanding. However, the
exact meaning used to define various conditions or degrees of integration is often left for
interpretation by the reader (Skalak 2002). This lack of definition can often bring rise to debate
about whether or not an entity or object possesses integration.
This broad usage of integration without proper clarification to intended meaning and the
operational measures which were used for classification, has led to colloquial terms being used
synonymously with integration, albeit incorrectly. Some examples within the Architecture,
Engineering, Construction (AEC) community are inferences that “concurrent engineering” is
integration of engineering (King and Majchrzak 1996), or that the design-build delivery method
is an integrated solution by default of association with integration characteristics . However,
these associations are often questioned based on the lack of definitive explication of the concept
of integration.
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2.6.1

Theoretical Definitions for Integration
The sociological view of integration is one that includes both perceptions of

“harmonious relationships” which attract individuals as a result of the benefits of “group
cohesion” (Carmeli and Schaubroeck 2006).

Breaking down the group into individuals, the

conceptual relation of integration is a single person’s ability to organize “traits or tendencies
into one harmonious personality” (Webster's 1957). These uses of the concept of integration in
both sociology and psychoanalysis focus within the idea of personal inclusion or the cohesive
attributes of a group structure.
Within organization management theory, integration is studied as an action that yields
specific results. Commonly, it focuses on the subsystems of a parent organization or higher
organization echelon using a process of integration to achieve specific tasks (Lawrence and
Lorch 1967; Lawrence and Lorch 1967; Phelps 2008). Through the use of processes with
features of integration, the multiple subsystems can achieve a “unity of effort” (Mitropoulos and
Tatum 2000). The primary focus of organizational management theory’s use of integration,
through an abstract attribute of “unity,” suggests organizations are able to apply explicit
methods to systems forming procedural tasks towards a given result.
Design and construction theory share some attributes of sociological and
psychoanalytical definitions of integration.

However, the application of integration

conceptually in the planning, design and construction process is more often aligned with the
definition used is that of organizational management theory. Integration is perceived as a means
by which semi-autonomous entities are merged to function in a more cohesive and collaborative
atmosphere (Pearce and Frewer 2003). Organizationally, integration is defined as the ability to
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bring commonly autonomous entities, such as design and construction team members, together
in a systematic manner (Jaafari 1997; Puddicombe 1997). The more abstract social ideas of
integration via “unity” are common to design and construction theory definitions relative to
individual relationships, whereas the more explicit and operational relations are commonly
associated with higher-level delivery, procurement, and contracting theories.
Integration is often defined in theory by the extent to which it can make or complete a
sum of the parts. This sum of the parts also implies a combined and unified result that is greater
than the sum of the individual parts (Webster's 1957). The antithesis of which would be
fragmentation (Mitropoulos and Tatum 2000).

2.6.2

Operational Definitions of Integration
Due to the possible ambiguity in the ideas of unity and inclusion, when defining

integration for individual and social group levels it is often defined in more abstract terms
relating to respective attributes and the impacts defined by perceptions of group unity or
perceived inclusion in a cohesive group (Carmeli and Schaubroeck 2006; Lawrence and Lorch
1967). In conjunction with this perception of inclusion is the associated creation of synergistic
problem solving environments. The individual social entities go beyond established boundaries
and barriers to form more complex groups (Pearce and Frewer 2003).
With AEC applications the same individual or social group perceptions of unity and
inclusion have been used, however perceptions of inclusion have also been substituted with the
perception of cohesion among team members (Halfawy and Froese 2005). Integration has been
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examined at the more macro levels of AEC (Chan et al. 2005); also within subsets such as
design, Integrated Design (Jaafari 1997); and construction, Integrated Construction (Abudayyeh
and Andersen 1999), independently of each other. AEC research, while it touched on social
relationships, in many cases focused more on organizational arrangements, which allowed team
versus individual approaches to either design or construction tasks.
Both in organizational management theory and design and construction theory
integration is used to refer to the effect of its implementation for achieving concurrent task flow
or problem solving. Operationally a linear problem solving approach, where one task is
completed before another is started, is considered to reflect the absence of integration. A
concurrent approach to problem solving requires a matrix team where individuals or groups with
varying specialties or skills communicate, allowing subtasks to occur simultaneously without
negatively impacting the overall project success (Skalak 2002). Abul Hassan (2001) states that
“through early involvement of downstream participants” the project achieves a concurrent
engineering approach and higher project success. Further the application of integration has been
defined as “a refusal to acknowledge strictly linear… patterns of design activity” despite
established theories of practice (Pearce and Frewer 2003).
A concurrent theme of integration, bridging both social and organization or process
definitions, is the removal of barriers. Whether these barriers are perceived or real, stigmas and
taught perceptions or man-made and physical, they prevent individuals or groups from
interacting in a mutually beneficial manner in the same space and time towards a shared
objective. Integration thus is the means by which these barriers are overcome or removed
(Anderson and Oyetunji 2003; Lawrence and Lorch 1967; Sanvido 1990). This is done on an
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operational level by removing both legal and organizational impediments in order to achieve an
optimized solution (Puddicombe 1997).

2.6.3

Comparisons
The concept of integration can also be defined by commonalities and distinctions of its

usage both on the theoretical and operational levels. Theoretically, differentiation is made
between the social and organizational or operational aspects of integration, which focus on
social or personal inclusion or cohesiveness. While the functional or organizational aspects
look at managerial structures and concurrence of functional activities. In exploring explicit
versus abstract distinctions, the explicit is thought of as independent operationally, or
linear/sequential activities, while the abstract looks at residual or conceptual implications such
as achieving unity or harmonious relationships. Further, it looks at systems versus tasks, with
the differentiation of team / entity integration as opposed to process specific tasks being
combined or integrated.
The attributes and impacts of integration are compared within the operational
definitions. The attributes refer to definitive organizational or contractual relationships existing
between individuals or groups, while impacts refer more to outcomes or results seen due to the
application of integration. Another comparison is the idea of environments that are defined as
fragmented or cohesive and inclusive. Fragmentation is a negative or direct indicator of a degree
of absence of integration, while cohesion would focus on the level of collaborative or team-like
characteristics that exist. Integration is defined by linear or non-linear problem solving, such as
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multiple activities or overlapping events, and being coordinated simultaneously, versus one
entity or event being dormant while the others wait for its completion before starting.

2.6.4

Variables
The primary variables for integration include perceived unity, perceived inclusion,

linearity of activity, reduction of established barriers, and degree of team engagement (Carmeli
and Schaubroeck 2006; Sanvido 1990). Table 2 presents a list of some operational definitions
found within literature.
Integration has a time component which relates to the point or time-frame at which
different entities, subsystems or processes are combined into a mutual and concurrent existence
from relative to the start of an overarching objective (Brawne 1983).
Table 2: Integration Terms & Measures
Operational Definition

Measure

“bringing together separate • Number of distinct entities
entities”
involved (owner, user,
designer,
contractors/builders,
inspectors, etc.)

Further Discussion
(Interval) / Quantitative

“group/team
cohesion/inclusion”

• Degree of input

Degree to which entities
have input in the
earliest stages of the
project
process.
(Ordinal) / Qualitative

“diminishing boundaries –
legal or social/professional
entity”

• Boundaries are strongly
defined

(Nominal) / Qualitative
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Operational Definition

Further Discussion

• Legal rigidity of risk
allocation versus risk
sharing

(Nominal or Ordinal) /
Quantitative

“reducing the existence of
fragmentation”

• Negative corollary to
integration

(Nominal or Ordinal) /
Qualitative

“creation of synergistic
problem-solving
environments”

• Collaborative environment
between owner, user,
designer and builders, and
inspectors

(Nominal or Ordinal) /
Qualitative

“degree of team
engagement”

• Extent of matrix type
arrangement

(Ordinal or Interval) /
Qualitative
or
Quantitative

“concurrency of activities”

• Linear versus concurrent

(Nominal)
Quantitative

• Activities occurring at the
same time (programming,
design, detailing, contracting
fabrication/construction)

(Ordinal or Interval) /
Quantitative

• Time from start of project
process when various
entities are brought into
actively work on the project

(Ratio) / Quantitative

“point (time-frame) of
inclusion”

2.6.5

Measure

/

Recommendations
While there are distinct social and organizational uses of the term integration, they have

commonality in their reference to disparate ideas, activities, objects, or individuals, which are
otherwise separate, being melded or combined. Integration should be defined as the process
producing a synergistic environment for inclusive or composite non-linear processes to occur.
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A distinction can be made depending on level of analysis being researched, individual,
and group versus organization or system. When looking at the integration within the specific
context of people, either individuals or groups, the research should draw more strongly on the
sociological and psychoanalytical approaches. However, it is important to understand that the
measures at this level will focus more in perceptions. Alternatively, if the research is focused
on organizational relationships and systems, the approaches to integration found in
organizational management theory may be more applicable. In some cases, such as is typical
within AEC research, both must be discussed to some extent to help put the other in context. In
all cases it is important to understand the commonality of integration throughout various
theories.

2.6.6

Operational Definitions & Measures
The unit of observation for the measure of integration in the context of the research

question posed would be a “project.”
The concept of integration is commonly operationalized using perceptions of inclusion
and states of unity relative to the evaluation of people or groups of people. Specific measures
would be a self-reported degree of unity, level of cohesion, and degree of inclusion (Carmeli
and Schaubroeck 2006). These could be assessed on a Likert scale using either interval (“very
little” to “a lot”), or more ideally a ratio with an absolute minimum (“none” to “completely”)
for the assessment of these measures (Chaffee 1991). An additional measure explicit to the
groups involved in a specific project would include degree of input on an ordinal scale, such as
low, medium, and high (Sanvido and Konchar 1999). It is important to note that these measures
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are qualitative in nature and there use would increase the potential for personal bias within their
evaluation.
When assessing the measure of linearity of activity, it would be appropriate to use a
nominal scale, either concurrent or sequential work flow (King and Majchrzak 1996), if
assessing at specific or multiple stages of a project. Previous design and construction research
has focused on planning, design, and construction as distinct stages of a project development.
While “fast track” approaches could be perceived as concurrent activity, they should not be
confused with the linearity of activities in a project development, which would be more
appropriately measured within team engagement discussed later (Sanvido 1990; Skalak 2002).
When looking at distinct stages, assessment would be made as to whether or not different
specialty planners, designers, and engineers are developing and resolving issues simultaneously,
or in a one follows two approach. The measure of these distinct stages may later contribute to
an overall factored analysis of the project’s measured linearity of activity in an ordinal scale
such as concurrent activity only one stage versus concurrent activity in two or three stages of
the project development (Riley et al. 2005).
Another attribute identified, in a broad sense, commonality between social and
organizational definitions of integration is the idea of breaking established barriers (Pearce and
Frewer 2003). This could be assessed on an interval scale relative to the existence of boundaries
within the project execution, again on a Likert scale, such as “few boundaries” to “many
established boundaries.” However, it may be more applicable on many AEC projects to measure
the reduction of established barriers through the use of an ordinal scale such as (1) boundaries
within design specialties in a firm; (2) boundaries between design specialty firms; and (3)
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boundaries between entities in project stages such as planning, design, and construction
(Halfawy and Froese 2005).
Another aspect of reducing barriers is the extent to which legal rigidity is marginalized
and risk between involved parties is allocated (Kashiwagi 2002; Sanvido and Konchar 1999).
While more complex measures can be used, more common assessments in AEC related research
focus on more nominal and sometimes ordinal scales. For instance a nominal assessment would
simply look at whether or not risk is shared among contractual entities. Alternatively, an ordinal
assessment of reducing barriers, specifically legal, would be to determine if the risk is allocated
on an equal basis between supplier and buyer (contractors and owner), the supplier has higher
risk contractually than the buyer, or the buyer has higher risk than the supplier (Konchar 1997).
Degree of engagement is another measure of integration. This predominately relates to
the organizational structures used either within or between stages. A matrix organizational
approach is one where separate entities, be it with a single firm or throughout multiple firms,
are utilized when their specific skills are needed as part of the team in a concurrent fashion
versus one entity sequentially finishing their tasks and then passing it on to the next entity. This
measure can be assessed on interval scales, however, it is more commonly assessed only to the
ordinal level (Konchar 1997; Mitropoulos and Tatum 2000). Another version of the degree of
measurement is nominal or ordinal measures of the extent to which senior management drives
and encourages a matrix approach. This also has some cross-relational attributes when looking
at reduction of barriers, such as flattening the organizational structure (Chan et al. 2005;
Halfawy and Froese 2005; Lawrence and Lorch 1967; Mitropoulos and Tatum 2000).
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Related to degree of engagement is the assessment of point of inclusion. When were
various entities included in the team’s efforts? For instance were specialty engineers included
in the planning stages; was a builder and specialty subcontractors included in designing the
facility or brought in only once construction was to be started? This can be assessed on a ratio
scale relative to time (e.g., months) from the start of the design which particular entities were
engaged or contracted (Abudayyeh and Andersen 1999; Bennett et al. 1996; Brawne 1983).

2.6.7

Reliability and Validity
When applying measures to the building industry it is often difficult to establish

measures free of arguments of validity. This is due to the scale of most projects, the frequency
of building some types of projects (such as healthcare facilities), and the time span over which
the design and construction process occurs. The time span in which the process takes place is
years, which exposes the entire project to multiple ancillary variables which cannot always be
controlled (Kashiwagi 2002). This can affect construct validity over greater time periods.
While the measure tested can be reliably retested for a project, the same tests may not always
have the predictive validity from one decade of design and construction to another (Konchar
1997).

2.6.8

Decision and Rationale
For the given research question looking at level of integration, relative to design and

construction applications, the following definition can be applied. Integration can be defined as
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the process producing a synergistic environment for inclusive or composite non-linear processes
to occur from the onset of a project.
Perceptions of unity or degree of input, provide strong bias challenges similar to those
discussed by Konchar (1997) and AbulHassam (2001) relative to the assessment of quality. By
assessing these on an ordinal scale (e.g., none, minimal or high) the impact of multiple specific
individual perspectives in a given role across the life of the project could be reduce. However,
this need to assess over a greater period of time lends itself to more of a longitudinal study (Watt
and Berg 1995) where the information is collected and checked at various points in the timeline
on the sample.
Measures that focus on contractual relationships, such as balance of risk and reduction
of barriers, are independent of individual personnel assignments and therefore, allow for more
stable assessments. Opportunities exist, as discussed previously for measures that are intrinsic
to the overall project without being related to individuals. These measures focus more on
organizational and system characteristics.
The metric of integration itself is an attribute that relates to a higher order concept
(Garvin et al. 2000) with the AEC Industry when folded into an overarching acquisition strategy
or plan (Beard et al. 2001).

2.7

Project Success Factors
Project success is a broad term which can be assessed in many ways, including

quantitative or qualitative means (Chan et al. 2001). CURT defines project success “…when
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projects achieve the project team’s goals and deliver to the owner the best balance of cost,
schedule, quality, and safety” (CURT 2006). Cost, schedule and quality have historically been
represented as in Figure 7 as the top level elements of AEC Industry project performance
assessment (El Wardani 2004; Rwelamila and Edries 2007).

Figure 7: Cost, Schedule, Quality Triad
Previous empirical studies, such as Sanvido and Konchar (1999) evaluation of a large
data set of projects in the United States in the broader AEC Industry, illustrated the ability to
statistically analyze acquisition strategies to project performance based on quantitative measures
of schedule and cost. However, quality was based on qualitative or subjective information from
project participants. The ability to define statistically significant relationships for acquisition
strategy was extremely limited (Konchar 1997; Ling et al. 2004). Ling et al. (2004) did provide
results stating a strong correlation to an owner’s perceived quality on “turnover” and
“equipment quality” based on a builder’s previous project performance history.
The criticality of acquisition strategies is emphasized by industry experts because of the
effects early decisions have over the lifetime of the project (Kashiwagi 2002; Paulson 1976;
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Sanvido et al. 1990). Figure 8 illustrates the concept that projects are most influenced by
decisions early in the project lifecycle. The ability to influence the project and thus affect
project’s success significantly reduces with time.

Ability to impact project
costs and functions

Cost ($)

Project Impact / Cost

Idealized design
process
Traditional design
process

PD Pre-Design
SD Schematic Design
DD Design Development
CD Construction Docs.
Proc. Procurement
Const. Construction of building
Operations Operations of building

PD

SD

DD

CD

Proc.

Const.

Operations

Figure 8: Impact versus Cost by Project Stage
Based on information from multiple sources (Beard et al. 2001; Paulson 1976) as
represented by CURT (2004)

2.7.1

Cost
Project cost, including design and construction cost, has been a key project performance

indicator (AbulHassam 2001; Bennett et al. 1996; Costa et al. 2006; El Wardani 2004; Konchar
1997). The measurement of cost has commonly been evaluated from the point of contract award
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to substantial completion. Eq. 1 represents the cost metric utilized by Konchar (1997) using the
primary contributing variables:
•

Final Project Cost (at substantial completion) – y1

•

Contract Project Cost – y2

Y1 =

y1 − y2
× 100
y1

Eq. 1

The cost is evaluated on the basis of a percentage of cost growth from contract award.
Owner’s balance limited capital resources as they program facilities. Cost overruns can
negatively impact the ability to fund future capital program projects and operational income
(Wooldridge et al. 2002; Wooldridge et al. 2001).
As Beard et al. (2001) highlight, it is important to note that the cost of design using a
traditional delivery method, such as design-bid-build, is not included in the contract cost for
construction. Where as in joint venture type contracts, such as design-build, the cost of design
is part of the contract award for the construction. This means that when performing analysis of
the cost, the design cost should be accounted for in the calculations when available. Design
costs can vary significantly, however a standard rule of thumb used is 6% to 10% of the total
construction cost of the facility (Paulson 1976; U.S. Federal Government 2005).

2.7.2

Schedule
The evaluation of project schedule has similarly been measured when evaluating project

performance.

The time frame evaluated, from contract award to substantial completion
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represents actual time, versus the planned time (Molenaar et al. 2005; Sanvido et al. 1990;
Sanvido and Konchar 1999) measured on a Julian calendar. Eq. 2 represents the metric used by
Konchar (1997) and others (CURT 2004; Federal Facilities Council 1993; Gransberg and
Barton 2007; Kashiwagi 2002; Lee et al. 2005; Molenaar and Gransberg 2001) to measure
schedule based on the overall percentage of growth:
•

Total Time (contract start to substantial completion) – y3

•

Planned Time – y4

Y2 =

y3 − y4
× 100
y4

Eq. 2

Further associated schedule metrics have been used to include (1) construction speed
and (2) delivery speed. The primary difference between the two is the measurement from
construction start date versus design start date.

2.7.3

Quality
Project quality has been a more elusive metric to establish for previous research. The

fundamental challenge is based upon the fact that it is a relatively subjective factor. Typical
attempts at measuring project quality have been based on qualitative responses from owners and
users relative to their respective perceptions of facility quality (Dauner 2002; Jackson et al.
1994; Newton and Christian 2006; O'Connor and Miller 1994). However, attempts have been
made to assess quality on more objective assessments that have tried to limit bias of perceptions.
Metrics used by Konchar (1997) and Ling et al. (2004) have focused on:
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(1) Turnover Quality, which includes attempts to assess the facility start up, number of call
backs for repair during the warrantee period, and quality of operations and maintenance
cost to meet expected targets.
(2) System Quality, which includes attempts to assess the building systems (e.g. envelope,
structure, foundations, etc.), interior space and layout, and quality of the environmental
system (e.g. HVAC and lighting).
(3) Equipment Quality, which includes attempts to assess the quality of the process
equipment used in the facility itself.
These attempts at achieving more objective metrics of quality helped identify the
challenges involved in both perceptions of quality and more unbiased metrics (CURT 2004; Lee
and Arditi 2006; Newton and Christian 2006). The researchers noted difficulties in availability
of needed information. Further, where data could be obtained to assess quality, the results were
marginal with respect to statistical significance, and further research was recommended to
substantiate the potential relationship to quality metrics (Konchar 1997; Ling et al. 2004).

2.8

Healthcare Specific Facility Discussion
Healthcare is a unique facility sector in the United States (Howley 2010; NFPA 2006;

United States Census 2003). The following paragraphs discuss some pertinent facility subclassifications within the healthcare market sector.
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2.8.1

Facility Type / Occupancy
Healthcare facilities in general have a high degree of regulatory oversight. Two primary

reasons for this high regulatory oversight is because of the generally complex nature of the
facility and its systems (Konchar 1997; Wooldridge 2001), and the second is because of
functional nature of the facilities themselves (Dauner 2004; Parsons 2007; Veterans Affairs
2007). Multiple healthcare accreditation organizations exist, however the most prevalent is The
Joint Commission (TJC), formerly the Joint Commission for the Accreditation of Healthcare
Organizations (JCAHO). TJC within its Environment of Care (EC) Standards default to the
classifications used by the National Fire Protection Agency (NFPA) Life Safety Code for subcategory classification (NFPA 2006). These categories are:
•

Ambulatory Healthcare / Medical Clinic (NFPA 2006) - outpatient

•

Business / Medical Office Building (NFPA 2006)

•

Healthcare (NFPA 2005) - hospital, nursing home, and limited care facility

•

Laboratory Facilities (NFPA 2004)

Depending on the location of the facility and authority having jurisdiction (AHJ) these
sub-categories may be further delineated as related to regulatory requirements (Veterans Affairs
2007).
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2.9

Conclusion
While significant research has been conducted in respect to the AEC Industry accessing

delivery to project outcomes, those studies have not represented the healthcare facility sector in
any significant fashion. The studies that have been done in the broader AEC Industry have had
limited success in statistically accessing the delivery to project outcomes across many types of
delivery, procurement or contract methods. This was in part due to categorical classification,
but also due to unclear taxonomies of the acquisition strategy methods: delivery, procurement,
and contracting.
Chapter 3 explains the methodology that was used in this research to assess the
healthcare facility sector using a continuous variable representing the delivery method through
measured integration characteristics. Additionally, it clearly defines and assesses an acquisition
strategy for each project acknowledging delivery, procurement, and contracting methods as
independent variables relating to project cost and schedule growth / control.

Chapter 3
Methodology
This chapter details the methodology used within the research. The basic methodology
builds from the foundation provided by previous research on the evaluation of acquisition
strategies in the broader AEC Industry and their respective relationship to project success.
Significant differences include (1) the use of a continuous metric for delivery methods (see
Section 2.3); (2) the building type examined is healthcare facilities including medical research
facilities; and (3) it includes an examination of procurement and contracting methods as
independent variables (IV).
The delivery method metric was used to evaluate each project’s delivery method as a
ratio (continuous) variable relative to its “degree of integration.” The degree of integration is
explicated in detail within the literature review chapter (Chapter 2) and the details of its
derivation from an industry survey of subject matter experts is provided in Section 5.2. By
evaluating the delivery method relative to its degree of integration, confusion or bias over
categorical nomenclature is controlled, and a continuous variable was established which allows
for a more appropriate stochastic analysis. Additionally, the use of a continuous variable versus
categorical allowed for a broader inclusion of projects that otherwise might have been excluded
due to low category sample sizes. The project characteristics used to establish the degree of
integration were based on characteristics attributed to “integrated” or “collaborative” projects
in previous research, industry subject matter expert feedback, and balanced with realistically
available data (Esmaeili et al. 2013). Further these attributes were weighted using a method
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similar to the Waara and Brochner (2006) transaction cost theory of “price and non-price”
variable assessment. The weighting characteristics were determined through a survey using a
questionnaire delivered to professionals in the AEC Industry including academics, designers,
builders (including construction managers, general contractors, and specialized trade
contractors), owners, and developers.
The specific steps followed are presented in the following sections.

3.1

Literature Review
The literature review provided multiple insights that have helped shape and focus the

research. This review has confirmed the evolutionary nature of acquisition strategies in the
industry and how authors interpret, explain, and define them within the AEC Industry. The
value of previous research (evaluating the relationship of delivery, contracting, and procurement
to project success outcomes) has been used over time to guide new frameworks within the
industry. Additionally, the literature identified an absence of related stochastic analysis for
complex buildings, such as healthcare facilities.

3.2

Previous Related Research Limitations
While previous works such as Bennett et al. (1996) and Konchar (1997) have provided

a basis for the proposed research in the healthcare market sector, the research also attempts to
improve upon limitations in these earlier studies (Ling et al. 2004). Further the statistical
methodologies used by these previous studies and their association with linear regression
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equations formulated, may not have been the most appropriate statistical analysis testing
methods. This is not to say that the previous work is invalid. However it is important to ensure,
when using statistical methods, not to over represent the relationship of “statistical significance”
by means of the independent variable (IV) relationships to projected outcomes (Watt and Berg
1995).
An example would be statements by Sanvido and Konchar (1999), using categorical or
nominal (Watt and Berg 1995) classifications, that “…projects delivered using the design-build
project delivery system, took 33.5% less time to deliver and had a unit cost of 6.1% less than
similar projects under the design-bid-build project delivery [method].” This has perhaps been
misinterpreted in other research that recent studies “…have demonstrated a 30% or better
increase in [DB] project delivery speed and 6% or greater reduction in unit cost over the designbid-build method of project delivery” (Molenaar and Gransberg 2001). Further, industry
interpretation has led to statements that DB will save you 6% and take 1/3 the amount of time
to construct in a sound bite definition of Konchar’s (1997) earlier work.

Such interpretations

suggest much stronger causal relationships, where the research themselves indicate more of a
statistical significant association without stating causation.
Using nominal classification, the research showed only that DB projects have a
significant probability of outperforming DBB projects relative to cost and delivery time, with
an average (interpreted as mean) observed difference of 6% and 33% respectively. Upon further
investigation this significance varies by project type (Konchar 1997), and as suggested by Ling
et al. (2004) is not consistent in all cases.
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It is not the intent of this proposed research to challenge or invalidate these earlier
seminal works. Rather, in addressing the limited current knowledge relating to the examination
of complex building projects (specifically healthcare market sector projects), this proposed
research hopes to build on elements of previous work and avoid the statistical analysis
challenges identified.

3.3

Definition of Terms
The terms used throughout the study and analysis were derived through an extensive

literature review and interviews during the preliminary research. Detailed explications of the
terms can be found in the literature review section (Chapter 2), and information on the
preliminary can be found in Chapter 4.

3.3.1

Taxonomy of Terms
The general taxonomy of terms used to structure the theoretical approach to this research

is presented in Figure 9. The breadth of terms used within the AEC Industry to categorize how
services are acquired, and the strategy in which the various elements are structured and executed
flex to meet the needs of the consumers (Kashiwagi 2002; Molenaar and Gransberg 2001;
Molenaar et al. 2005; Rwelamila and Edries 2007; Sanvido and Konchar 1999).

This

evolutionary nature of the AEC Industry and market further complicate attempts to statically
assign nomenclature when looking at these strategies in depth (Magent 2005; Manning and
Messner 2007; Miller et al. 2000). The taxonomy in Figure 9 is concentrated on a structure that
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follows general U.S. legislative regulations and legal definitions; and separates the primary
elements used to define acquisition strategies.

Strategy
(System)

Acquisition

Method
(Structure/Type)

Delivery

Procurement

Contracting

Attributes

X1…Xn

X1…Xn

X1…Xn

Figure 9: Taxonomy of Terms

3.4

Research Efforts and Methods
This research concentrates on two primary means of achieving this analysis. The first is

through quantifiable metrics for acquisition strategies (independent variables - IV) and project
success (dependent variables - DV) in healthcare building construction, and secondly through
the use of stochastic (statistical) analysis methods appropriate for the metrics selected. A
sequence of the research schedule of events can be found in Figure 10.
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Figure 10 Research Events

Project data on healthcare related facilities was collected over a period of 10 years. The
data collection started with preliminary work guided by previous studies looking at acquisition
related strategies for the AEC market. The initial effort (see Chapter 4) used these concepts and
the initial project data collection as a guide to better understand the state of the healthcare market
sector. This effort also provided insight into the challenges associated with undefined or unclear
taxonomy combined with setting realistic expectations for viable data likely to be achieved.
Subject fatigue may cause threats to survey internal validity as well as limit the ability
to get complete and accurate data sets (Watt and Berg 1995). Since the objective of the research
was to take a stochastic approach versus idiographic, or case-based analysis, subject fatigue was
a critical concern as a large healthcare project sample size was targeted. The absence of projects
from the healthcare sector in previous independent studies from multiple countries (Bennett et
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al. 1996; Konchar 1997; Ling et al. 2004; Sanvido and Konchar 1999) illustrates the existing
difficulty intrinsic to gathering data in this market sector. This proved to be the case within this
research as well. Definitive data needed to adequately address this research was not readily
available. In almost all cases the project data had to be gathered from multiple sources just to
achieve the data set needed for one project. Often the project information was not available on
older projects and the ability to collect project data was dependent on more current projects
reaching substantial completion. Interest in knowing how other projects performed was high,
but release of individual project specifics by those involved in projects was often guarded,
unknown or notational rather than recorded.
Primary steps were taken to develop the research approach, providing industry expert
insights and past research efforts. The “degree of integration” metric was developed, project
data was collected and validated, and project data from the viable data set was analyzed
statistically using SPSS.

3.4.1

Limitations of the Research
There are a large number of variables that affect any given project. These variables may

have different effects on each project, may change over time, and may have varying degrees of
control that can be enforced by owner, designers, builders, or regulators. Conversely there are
variables that affect projects which are out of the control of any team member or group involved
in the project, commonly referred to as “acts of god” (e.g., abnormal climate or seismic events)
which impact one or more aspect of projects (Ang and Tang 1975).
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Additionally, and more specifically, there are limitations to this research that are
acknowledged and need to be considered when evaluating and expressing the results. While a
due diligence effort to address and control for variables that may cause variance was made, it is
acknowledged that the list is not exhaustive.
A significant dependent variable missing from the analysis is that of facility quality.
Previous work relating to the broader AEC Industry (Kashiwagi 2002; Magent 2005; Molenaar
and Gransberg 2001; Sanvido and Konchar 1999), similar to the research proposed, have had
little or no success in establishing statistical relationships of delivery, procurement or
contracting methods to quantifiable and objective project quality results. While theoretically
the quantifiable and objective statistical analysis of quality in buildings is desirable, it is beyond
the scope of this research. The availability of the required quantifiable data is not readily
accessible, and would likely need to be collected in a longitudinal study starting at the
programming stages through some reasonable period of facility operations.

While this

limitation is acknowledged, it should also be noted that because of the relatively high regulatory
oversight of the healthcare facility market sector, this limitation is not as severe as less complex
facility types. Healthcare facilities within the United States have high minimum standards of
quality that must be achieved since they are typically tied directly to accreditation.
The delivery method metric, degree of integration, is also acknowledged to be a
limitation of this research. The overall concept of integrated project delivery (IPD) practices is
in its infancy in the AEC Industry (AIA and AGC 2004; AIA California Council 2007; Azari
and Kim 2014; Bedrick 2007), adding to this limitation. The definition of the variable and its
contributing attributes may be refined over time, and are expected to generate valuable dialog
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within the academic community upon peer review. The metric (X1), even with its limitations,
is superior to the limitations of categorical analysis using naming conventions that evolve,
multiply, and do not allow for differentiation with the silo classification techniques commonly
used.

3.4.2

Metric Survey
Upon completion of the primary literature review and prior to the overall data analysis,

two primary steps were followed. The first was the development of a continuous or ratio metric
for delivery methods (“degree of integration”). The questionnaire utilized is provided in the
appendix, and was administered through SurveyMonkey.com®. The goal of this survey was to
achieve a sample size of 30 or greater to ensure at least minimal statistic power is achieved
(Chung and Chen 2007; Watt and Berg 1995). The survey targeted members of the AEC
Industry with extensive experience in healthcare market sector or equivalent experience in the
broader AEC Industry. The survey results were used to identify those attributes that were
deemed most important by the industry subject matter experts relative to successful integrated
project delivery, and to provide an unbiased weighting of the variables used within the degree
of integration metric. The questionnaire can be found in Appendix A and details of the analysis
are provided in Chapter 5.
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3.4.3

Project Data Collection
The second step was data collection for a multitude of healthcare facility related

construction projects. The data points targeted within this survey, based on the preliminary
work instrumental in the development of the degree of integration concept, are presented in
Chapter 4 and the literature review (Chapter 2). While the original intent was to use the
questionnaire found in Appendix A it was quickly determined that direct collection of project
data from published information and individual interviews was the most likely approach to
achieve project information needed.
The questionnaire helped guide the collection of project specific attributes, but was not
directly filled out by project data contributors. The questionnaire was used to help guide and
collect what information was found or available and focus conversations and data collection.
While the questionnaire shown Appendix A facilitated conversation, dialog, and was used to
record conversations, the primary focus was on those project details related to the key elements
defined as the key statistical and control variables (Table 3, Table 4, and Table 5). The primary
means to record and consolidate information was a simply constructed Microsoft Access
database as described in Section 3.4.5.

3.4.4

Degree of Integration Metric
A key element of the research was the development of a ratio metric representing the

delivery method used as part of the overall acquisition strategy. This metric is operationally
labeled the “degree of integration” (DOI). The degree of integration is the extent to which the
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project delivery methodology utilized various elements of a fully integrated approach to
delivery. In other words, to what degree did the project’s delivery represent a fully integrated
and collaborative project using a scale from 0 to 10, where 0 represents a non-integrated project,
and 10 represents a fully integrated project.
Simple naming and sorting of categorical nomenclature was insufficient to establish this
metric in an unbiased approach and failed to compensate for the intersection of projects with
different nomenclature and common delivery characteristics. This is detailed in the project data
overview and analysis details in Section 6.1. The contributing project attributes, supporting
variables (x'i), are represented in Table 3. Each supporting variable was in turn weighted using
the results of the AEC Industry expert survey (Metric Survey) described in Section 3.4.2 (ai).
The basic equation representing the degree of integration or DOI (X1) is then represented in Eq.
3.

X1 = � a𝑖𝑖 x𝑖𝑖′

Eq. 3
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Table 3: Example Supporting Variables
Variable Description

Type

x'1

Open Book (Yes or No)

Categorical (Nominal) – 0 or 1

x'2i

Time of Inclusion

Continuous (Ratio)

x'3

Time of Cx Involvement

Continuous (Ratio)

x'4

BIM

Categorical (Nominal) – 0 or 1

x'5

Shared Incentives*

Categorical (Nominal) – 0 or 1

x'6

Shared Penalties

Categorical (Nominal) – 0 or 1

* Even though not used in the metric based on industry expert feedback this data element was
tracked.

The delivery method metric, degree of integration, was refined with the results and
analysis of the Metric Survey. A critical element identified is the time frame in which key
players are included in the design, constructability, and estimating process. Within the Metric
Survey, the participants were asked to identify which specific builders are “key” to the early
project development team, and what level of importance would be associated with the specific
entity or team member. The x'2i represents the results and those key team members identified.
Eq. 4 represents the theoretical value of x'2i.

The variables x'4 - x'6 are either yes (1) or no (0). The intent was only to identify if these

items were utilized, not scale them in a comparative fashion from one project to another. As an
example x'5 and x'6 would represent that incentives or penalties were shared among key or

primary project participants (e.g., owners, designers, and/or builders). As described in Section
5.1 and Section 5.2, the original assumption to include incentives was left out based on industry
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expert feedback. The building information modeling (BIM) measure (x'4) also was applied as
a nominal (yes or no) metric. The minimum requirement for a yes on x'4 was the use of

parametric design tools at some stage of the project development. It is acknowledged that there
may be a wide range of uses to include, 4D, clash-detection and visualization levels that may be
present on the projects, however, the intent of this research was not to develop or propose a
scale of BIM and collect the entire project data associated with such an assessment of a scale
degree of BIM usage.

′
x2𝑖𝑖

𝑛𝑛

′
= � a2𝑖𝑖 x2𝑖𝑖

Eq. 4

1

After the finalization of Eq. 4, the delivery metric was determined as defined in Eq. 5.
Further mathematical refinement was developed to ensure that the values of X1 are within the
ratio of 0 to 10 as described in Chapter 5.

X1 =

a1 x1′

𝑛𝑛

′
+ � a2𝑖𝑖 𝑥𝑥2𝑖𝑖
+ a3 x3′ + a4 x4′ + a6 x6′

Eq. 5

1

While it is conceivable and probable in the course of explanation, industry nomenclature
can be broadly related to the degree of integration scale (see Figure 11), it was not the intent of
this research to assign values to delivery method’s categorizations.

Categorization will

understandably continue to be used in the course of practice. However, it is postulated that
categorical analysis will become less feasible as acquisition strategies continue to evolve,
selectively using a mixture of attributes from historical delivery methodologies (Miller et al.
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2000). The representation is not intended to be an all-inclusive list of existing categorical
nomenclatures.

Figure 11: Notional Naming Relationship to Metric
Loosely based on multiple concepts throughout literature. (Beard et al. 2001; Magent 2005; Miller
et al. 2000; Molenaar and Gransberg 2001; Rwelamila and Edries 2007; Sanvido 1990; Sanvido
and Konchar 1999)

CM@Risk: Construction Manager at Risk

DBB: Design-Bid-Build

DA: Design-Assist

I-DB: Integrated Design-Build

DB: Design-Build

IPD: Integrated Project Delivery

3.4.5

Project Database
The data for projects was collected in a database using Microsoft Access®. The data

contains a “front-end” which includes the user interface and defined queries for data entry and
extraction. An example screen shot of the database interface is presented in Figure 12. The
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front-end is linked to two “back-end” databases. The back-end databases contain tables with
raw data.
The purpose of this front/back-end approach was to allow project specific data which
could allow the identification of an individual project or source to be separate from the project
data needed for the research. The sole purpose of the database was to allow identification of a
specific project’s detail follow-up and clarification during the research process. This was also
found valuable during the preliminary work where initial critical data was not available at first,
was collected from multiple sources, or where data needed to be validated against potential
contributor bias. This approach was used to insure the privacy guaranteed to the contributing
parties by locking project specific data with password protection and not including the project
identifying data in any of the research.

Once the data set was completed, the specific

information identifying a specific project was no longer needed and was not continued in use as
part of the research effort.
The use of a database helped the research effort in multiple ways. First, the database
was used to help ensure data completeness and integrity through various data validation
protocols established. These included simple standard queries in the database, which helped to
simplify repetitive assessment or back check of project data fields, and the DOI metric
calculation. The queries were used to extract and transform data as required to establish the
primary variables used in the statistical analysis. Additionally, the queries were used to organize
and aggregate data for various graphical representations of the information in both Excel® and
SPSS®.
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Figure 12: Database Interface – “Front-End”

3.5

Statistical Analysis
The primary variables used in the statistical analysis are listed in Table 4. The analysis

sought to first identify the relationships between the three independent variables (X1, X2, X3)
and the dependent variables (Y1 and Y2). Because the IV and DV include categorical variables,
linear regression methods were not used as recommend by Tabachnick and Fidell (2007) and
Chung and Chen (2007).
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Table 4: Primary Statistical Variables
Description

Type

X1

Degree of Integration

IV / Continuous

X2

Procurement Method

IV / Categorical *

X3

Contracting Method

IV / Categorical

Y1

Cost Differential (%)

DV/Continuous

Y2

Schedule Differential (%)

DV/Continuous

IV – Independent Variable – Xi
DV – Dependent Variable – Yi
* This variable will also be analyzed as a Continuous variable using the ordinal scale proposed
by Beard et al. (2001).

The dependent variables defined in Eq. 2 were further defined by the Eq. 6 and Eq. 7
where y3′ represents construction start date, y3′′ represents actual substantial completion, and y3′′′
represents original substantial completion planned.
y3 = y3′′ − y3′

Eq. 6

y4 = y3′′′ − y3′

Eq. 7
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3.5.1

Control Variables (CV)
The factors affecting projects within the AEC Industry are almost infinite and thus are

subject to a large amount of uncertainty. While uncertainty can be controlled to a degree, there
are many variables in AEC project analysis that cannot be controlled (Ang and Tang 1975).
Table 5 presents control variables that were identified through the literature review, preliminary
research (see Chapter 4 below), and balanced by realistically available data for the projects. The
project cost data collected is controlled where applicable for time and area cost factors using the
Engineering News Record (ENR) Building Cost Index (BCI) History (ENR 1915-2014) and
R.S. Means ® area cost factors, respectively. C1 and C2 were incorporated directly in the
calculation of variables based on project cost information. The remaining control variables will
be handled as covariates in the analysis.
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Table 5: Control Variables
Variable

Description

Type

C1

Building Cost Index (BCI)

Continuous (Ratio)

C2

Area Cost Factor (R.S. Means)

Continuous (Ratio)

C3

Certification (Low, Med, High)

Categorical (Ordinal) ***

C4

Location (FEMA Region)

Categorical ** (Nominal)

C5

Building Sub-Type

Categorical * (Ordinal)

C6

Program Cut (Yes or No)

Categorical (Nominal)

C7

Project Size (GSF)

Continuous (Ratio)

C8

Public / Private Ownership

Categorical (Nominal)

* Based on classifications by TJC® using NFPA (2000) classification.
** Project data was originally identified by state; however within the final data set was only
identify by FEMA region and FEMA region groups used in the analysis.
*** Refers to complexity of the governance for the healthcare facility’s approval allowing
operations, “Certificate of Need” (CON). (Conover and Sloan 2003)

The building sub-type (C5) represents sub-classifications or occupancy types for
healthcare associated facilities. These subtypes are discussed in more detail in the literature
review (see Chapter 2 above).

The C6 represents variable controls for projects which

maintained cost or schedule, but did so by cutting program to achieve this target. The
preliminary research identified a tendency among some owners, especially governmental, to
lock costs on a project at the expense of cutting project program/scope as project costs escalated
through the lifecycle of the project.
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3.5.2

Statistical Analysis Tool
SPSS was used for the statistical analysis conducted in this research. Most descriptive

statistics were addressed within Excel directly. The statistical tool that most effectively modeled
the relationship of the three IV’s to the two DV’s is the analysis of covariates (ANCOVA)
(Chung and Chen 2007; Tabachnick and Fidell 2007). This method of statistical analysis allows
the response of the dependent variables to be tested against the noted independent variables (see
Table 4). The ANCOVA model provides a means to combine the univariate analysis of variance
(ANOVA) with the regression attributes of the continuous variable, X1.

This statistical

methodology addresses the overarching theoretical question presented graphically in Figure 13
and identified challenges with linear regression analysis methods.

IV

Independent Variables

MV

Mediating Variables

Delivery
Procurement
Contracting

DV

Dependent Variables

Project Success

Figure 13: Theoretical Research Question
ANCOVA testing allowed for the control variables noted in Table 5, C3 – C8, to be
analyzed. Covariates are variables which cannot be manipulated by the researcher and are not
central to the targeted research; however they are expected to have potential impacts that may
account for random variance in the sample set (Watt and Berg 1995).
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The basic ANCOVA model is represented in Eq. 9 and Eq. 10. The complete ANCOVA
model equation could be represented as the IV’s plus their respective interactions plus the
variance caused by the covariates. This is represented in Eq. 11 and Eq. 12.
X𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = (X1 ∗ X2 ) + (X1 ∗ X3 ) + (X2 ∗ X3 ) + (X1 ∗ X2 ∗ X3 )

3

Y1 = � 𝛽𝛽𝑖𝑖 X𝑖𝑖 + 𝛽𝛽𝑖𝑖 X𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

Eq. 8

Eq. 9

𝑖𝑖=1

3

Y2 = � 𝛽𝛽𝑖𝑖 X𝑖𝑖 + 𝛽𝛽𝑖𝑖 X𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

Eq. 10

𝑖𝑖=1

3

8

𝑖𝑖=1

𝑖𝑖=1

3

8

𝑖𝑖=1

𝑖𝑖=1

Y1 = � 𝛽𝛽𝑖𝑖 X𝑖𝑖 + 𝛽𝛽𝑖𝑖 X𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + � 𝛽𝛽𝑖𝑖 C𝑖𝑖

Y2 = � 𝛽𝛽𝑖𝑖 X𝑖𝑖 + 𝛽𝛽𝑖𝑖 X𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + � 𝛽𝛽𝑖𝑖 C𝑖𝑖

Eq. 11

Eq. 12

As an example the data set was tested using the proposed methodology relative to cost,
Y1, and testing IV’s relative to the C7 covariate. Figure 14 illustrates the statistical results
represented by Eq. 13.
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3

Y1 = � β𝑖𝑖 X𝑖𝑖 + β1 (X1 ∗ X2 ) + β2 (X1 ∗ X3 ) + β2 (X2 ∗ X3 )
𝑖𝑖=1

Eq. 13

+ β3 (X1 ∗ C7 ) + β4 (X2 ∗ C7 ) + β5 (X3 ∗ C7 ) + β𝐶𝐶 C7

Figure 14: ANCOVA Test Results

This would illustrate that the covariate C7, does not have a significant effect on the DV
for project cost growth (Y1) since p>.05. Further it indicates that the project size (C7) has a
significant interaction with X3 as they relate to Y1. Since the relationship of X3 is significant to
Y1, the interaction is of interest within the proposed research. This is one example of a multiple
ANCOVA tests which were performed in the process of fully evaluating the data set within the
research.
One assumption of the ANCOVA model is the normal distribution of the sample data
set. If the data is not normally distributed, the validity of the result comes into question.
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Therefore, when the normality does not exist, the data must be transformed in multiple ways to
establish the prerequisite normality needed. Transformation of variables was used. Those
transformations are detailed in Section 6.2, and were used to address issues relating to small
categorical sample size of certain variables and the resulting degree of freedom issues
highlighted.

3.6

Statistical Strength
Strength is a key component when assessing the results of statistical analysis. The

strength is a gage of the amount of variance or error that may or may not have been accounted
for in the analysis. As an example the results from a sample size (N) of 1,000 projects would
be far more desirable than the same analysis of N=30 projects. (Chung and Chen 2007)
G-Power (Faul et al. 2007) will be used to determine the appropriate sample size needed
to establish various research strengths relative to the projects analyzed. The strength, or more
appropriately the Power (1-β error probability), has a typical range of 0.80 to 0.95 (Chung and
Chen 2007). The actual effect size (d) was calculated using Eq. 14 and Eq. 15 (Chung and
Chen 2007), where n is the sample size, s is the standard deviation, and 𝑥𝑥̅ is the mean for Y1 and
Y2 respectively.

spooled = �

�𝑛𝑛𝑌𝑌1 − 1�𝑠𝑠𝑌𝑌21 + �𝑛𝑛𝑌𝑌2 − 1�𝑠𝑠𝑌𝑌22
�𝑛𝑛𝑌𝑌1 + 𝑛𝑛𝑌𝑌2 �

Eq. 14

71
𝑑𝑑 =

����
𝑥𝑥
𝑥𝑥𝑌𝑌2
𝑌𝑌1 − ����
𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

Eq. 15

Besides determining the statistical power of the actual research conducted, the review of
power is key to the dialog on why continuous metrics for acquisition strategy analysis are
desired. With the increase of categorical nomenclature within the various methods it can quickly
render any analysis irrelevant if any reasonable strength is desired. Table 6 identifies the
expected power of a given sample set relative to their respective effect size (d), degrees of
freedom (df) and number of potential groups relative to the research conducted. While X2
potentially had 9 categories, only 7 were used on the project sample set. X3 identified 4 different
categories.
Table 6 highlights the strength achieved by the study. For those relationships examined
relative to H1 through H3 a 1-β > 0.94 or better was achieved indicating a sufficient sample size
set for power was achieved. This does not indicate the appropriate distribution of projects was
achieved in the sample set to cover the statistical testing needed to all possible groupings. The
limitations inherent in categorical classification arose in this research. This is detailed in
Chapter 6.
Table 6 also shows the typical project sample sizes needed for medium effect size of
0.25. With so many categorical variables and categories within them, the number of potential
combinations causes significantly higher minimum sample size requirements. As an example
with the same effect size of 0.25, df=10, and 29 possible groups to achieve a Power of 0.95, the
sample size would be over 400 projects. If one or more of those categorical variables (e.g., X2)
could be ordinal or continuous the sample size needed would be reduced by approximately 25%.
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In the same scenario with X1 being categorical the project size requirement would have been
439 to achieve the desired power.
Another demonstration is the comparison of power achieved with the sample set relative
to Y1. With X1 using the degree of integration the Power of those relationships found to be
statistically significant was 1-β = 0.94, whereas the best that could be achieved using X1 as a
categorical variable was 1-β = 0.89.

Sample Size

Number of
Covariates

Number of
Groups

Power
1-β

α

df

Analysis Approach

Effect size

Table 6: Analytical Power Review

Y1, Y2 Together (actual sample
160
10
.78
.05
**
29
6
set)
119
(X2 and X3 Categorical)
Y1, Y2 Together
4
.78
.05
.95
5
6
37*
with X2 ord
10
.40
.05
.94
29
6
160
Y1 (actual sample set)
10
.67
.05
**
29
6
119
Y2 (actual sample set)
4
.67
.05
.95
5
6
48*
Y2 with X2 ord
4
.40
.05
.95
5
6
160
Y1 with X2 ord (actual sample set)
Y1, Y2 Together
10
.25
.05
.95
29
6
401*
(X2 and X3 Categorical)
4
.25
.05
.95
5
6
303*
Y1 with X2 ord
Y1, Y2 Together
13
.25
.05
.95
85
6
439*
(X1, X2 and X3 Categorical)
Y1
13
.40
.05
.89
85
6
160
(X1, X2 and X3 Categorical)
** Indeterminate (examples may be the sample size required is less than the number of groups
+ covariates)
* Sample set that would be required to using identified values and achieve the listed Power. If
no * is identified than this is the actual sample size available in the research effort.
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Collecting many project specific data elements for many projects often is not feasible,
because the data simply may not be available across many projects. To better manage large
sample sets, it should be acknowledged that the variables sought for each project must be limited
to minimum needed, available, and reliable (Mullins and Kiley 2002; Tabachnick and Fidell
2007). The more variables trying to be obtained tend to limit the quantity of complete datasets
that can be achieved.

3.7

Project Specific Data Collection
Project data was gathered through a multitude of sources. This included published data,

interviewing personnel who directly worked on the projects, or from designers, builders,
consultants, or owners with project data sets available. In some cases, data for a specific project
came from multiple sources. If data collected from multiple sources conflicted, then the
determination of which source was most likely to have the most accurate data was used. As an
example for cost data the owner was generally seen as the most likely to have the accurate cost
of what they paid for the project.
The primary data collection method for other than published information was through
email and telephone communication. In some cases, direct project site visits were conducted.

3.7.1

Handling of Missing Data and Estimation
Many projects for which some data was gathered had missing data fields that were

required as a minimum viable data set. Before projects were thrown out of the usable sample
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set, sources familiar with the projects were contacted to determine if the exact data could be
recorded or if reasonable estimations could be determined. An estimation was deemed to be
reasonable if a person familiar with the project had a direct knowledge of the data field.
Relative to cost information, only projects that had known cost data provided were used.
Estimations for missing cost fields were not used.

Reasonable estimations for project

construction start and substantial completion were not used. In most cases, estimations for
original expected substantial completion were not accepted. The only exception made for
original expected substantial completion estimates were if the party had tracked or published
percent delay and thus the substantial completion could be mathematically estimated. Projects
that were categorized as DB and were missing the design start date were given an estimated
design start date equal to the construction award date. Design start dates were only estimated if
the owner had standard procedures used for design start to estimate construction start. This was
deemed reasonable for the purposes of the research, because it did not have a large effect on the
calculations and allowed the date to be calculated within a reasonably accurate date. If the
owner did not have standard programming and execution procedures for their design and
construction programs by delivery method, the design start date was not estimated.
Time of inclusion was the point in time when the team member was officially (e.g.
contractually) engaged as an active part of the team. Time of inclusion was the most difficult
set of data fields to complete, because often they were not directly tracked. Time of inclusion
dates were estimated in many cases either based on knowledge of the point in the project when
they were included, or established practices identified by the owner or builder for a given project
acquisition strategy or project type. In many cases, either established standard practices by
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delivery type for a specific owner could be identified, or a person with direct knowledge of the
project could estimate the relative time frame a given entity was brought on board. As an
example, if project information was available identifying that the Commissioning (Cx) agent
was brought on board approximately three months after design start, then that date for inclusion
was estimated as design start plus three months. If the standard practice was identified relative
to a specific project acquisition strategy or type that could allow for a reasonable estimation of
when an entity was included, that estimation was made. As an example, if for a specifically
identify delivery method the standard approach identified the medical equipment planner
responsible for procuring the medical equipment was brought on concurrently with the design
team, then the start date for medical equipment planner procuring the equipment was estimated
as the design start date.
Specific contractually verifiable dates for all entities, or data from the project team
directly involved that tracked the exact dates of inclusion would be the ideal situation and
provide a more precise calculation. However, often those specific pieces of data are not tracked
on a project unless the owner or builder has an identified requirement to track it. Many projects
(over 45%) were rejected from the collected projects because of missing data, and there was no
reasonable way to accurately estimate the missing data. Chapter 6 provides more details on the
usable project sample set, to including descriptive statistical analysis of the data set.

3.8

Analysis Conducted
The analysis conducted focused on evaluating the hypothesis identified. ANCOVA

analysis was the primary means used within the SPSS software. While coding directly within
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SPSS is available, most statistics were done through the Analysis menus. ANCOVA is
specifically handled through SPSS’s general linear model (GLM) univariate interface. ANOVA
(unless conducting a one-way ANOVA) are handled through the same analysis menu. The
dependent variables are placed in the DV field, continuous and ordinal variables are entered into
the covariate field, and nominal or categorical variables are entered in the fixed factor field.
Ordinal variables can be entered in the fixed factor field if you want to evaluate them as
categorical in nature.
While most of the effort for evaluation was univariate in nature, multivariate analysis
was also conducting to look at possible significance of the DVs together in the model. This was
also done with SPSS GLM, however the multivariate option was used.
Main effects and interactions can be specified within the options to address any specific
evaluations desired. Alternatively, full factorial analysis can be specified which looks at all
main effects and presents any interactions relative to the model that have an effect. While both
methods were used, initial analysis of specific relationship used full factorial, and then as the
analysis provided specific interactions of interest the custom feature was used. In most cases
interactions were limited to 2-way only.

3.8.1

Variable Analysis Selection
Multiple methods for selecting combinations of IV and CV for evaluation against the

DV were used. The hypothesis defined the primary relationships to be evaluated, however the
approach to assess multiple possible impacts of the CVs and IVs and their respective interactions
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could be endless. The three primary methods used were (1) randomly selecting various
combinations, reviewing results, and adjusting; (2) sequential backward selection; and (3)
SPSS’s “best-fit” automatic linear modeling feature. Each method has its benefits and none are
singularly guaranteed to identify significance. Random selection was used to evaluate specific
relationships of interest throughout the research effort. Sequential backward selection was a
manual process used to identify the combination of variables mostly likely to yield results for
significance on the DV. While SPSS’s automatic linear modeling feature provides multiple
options, best-fit to R2 was used to help identify those variables that have the highest probability
of explaining model variance (R2).
Selected results, both significant and non-significant, are detailed in Section 6.2.

3.8.1.1 Sequential Backward Selection
Sequential backward selection was used to identify the most likely IVs and CVs effects
on the DV. This was done by testing each IV and CV individually with the DV and related
interactions (Chung and Chen 2007). If significance was found it was recorded. Once all
individual IVs and CVs were evaluated a combined model developed for those IVs, CVs, and
interactions that were significant. Interactions that were not significant in this combined model
were then sequentially removed by selecting the interaction with the highest p-value and tested
again. Main effects were left in the model regardless of significance until a main effect variable
no longer had any related interactions and it was not individually significant in the model. While
this method was used, SPSS’s best-fit linear regression tool was applied to decrease the time
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involved in finding relevant combinations that yielded the highest potential for explanation of
variance (adjusted R2).

3.8.1.2 SPSS Best-Fit Automatic Linear Modeling
Specific analyses desired were known based on the hypothesis statements. These
relationships could be tested, however even with only three IVs and six CVs (C1 and C2 were
generally not needed since Y1 was a ratio) there were many possible variations of configuring a
model. Beyond testing for primary significance of the IV to the DV, a fundamental purpose for
control variables is to help in explaining variability within the model (R2). The best-fit modeling
was used to help identify those variables and possible transformations that would likely yield
the highest R2.

3.8.2

Hypothesis Evaluation
Section 6.2 provides a more detailed discussion of the analysis conducted for each

hypothesis. The following highlights the test approaches taken.

3.8.2.1 H1 – X1 to Y1 with CV evaluation
Hypothesis one (H1) states: More integrated delivery methods yield a higher degree of
healthcare facility construction cost control.
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The premise of this hypothesis, if true, is that as X1 increases, Y1 decreases. First the
main effect was tested Y1 = βX1 for significance. Then control variables were introduced and
their respective main effects and interactions were tested.

Beyond significance for the

hypothesis to be true, the β for X1 would need to be negative. Both the linear Y1 value (negative
values to positive values) and the absolute value of the cost differential (Y1 abs) were tested.
While categorical classification of the delivery method was not the emphasis of this
research, X1 as a categorical value (X1 cat) using DBB, DB, CMAR, and IPD was also tested.

3.8.2.2 H2 – X1 to Y2 with CV evaluation
Hypothesis two (H2) states: More integrated delivery methods yield a higher degree of
healthcare facility construction time (schedule) control.
The premise of this hypothesis, if true, is that as X1 increases, Y2 decreases. First the
main effect was tested Y2 = βX1 for significance. Then control variables were introduced and
their respective main effects and interactions were tested.

Beyond significance for the

hypothesis to be true, the β for X1 would need to be negative. Both the linear Y2 value (negative
values to positive values) and the absolute value of the cost differential (Y2 abs) were tested.
While categorical classification of the delivery method was not the emphasis of this
research, X1 as a categorical value (X1 cat) using DBB, DB, CMAR, and IPD was also tested.
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3.8.2.3 H3 – X1, X2, X3 to Y1, Y2 with CV evaluation
Hypothesis three (H3) states: Delivery methodology significantly outweighs the impact
of procurement and contracting methods for controlling cost and time on healthcare construction
projects.
This hypothesis was much more intensive as many different relationships were
evaluated. For the hypothesis to be consider true, the significance of X1 independent of X2 and
X3 to Y1 and Y2 individually and together (multivariate) and its adjusted R2 would be higher
than that of the other IVs or when they are included with X1. The premise of this hypothesis, if
true, is that as Xi increases, Yi decreases. Further, the comparison of relative effect or
explanation of variance (adjusted R2) demonstrated by X1, X2, X3 to Y1 and Y2 individually
would suggest relative importance, if all demonstrated statistical significance.
Multiple models were evaluated. First the main effect was tested for significance. Then
interactions and combinations of multiple IVs, DVs, and CVs were tested for significance.
Primary examples include:
Y1 = βX1

Y1 + Y2 = βX1

Y2 = βX1

Y1 = βX1 + Ci

Y1 = βX2

Y1 = βX1 + β2X2 +Ci

Y2 = βX2

Y1 = βX1 + β3X3 +Ci

Y1 = βX3

Y2 = βX1 + β2X2 + β3X3 +Ci

Y2 = βX3

Y1 = βX1 + β2X2 + β3X3 +Ci

Beyond significance for the hypothesis, the respective β for the Xi was examined for
anticipated positive or negative relationships. Both the linear Yi value (negative values to
positive values) and the absolute value of the cost differential (Yi abs) were tested.
While categorical classification of the delivery method was not the emphasis of this
research, X1 as categorical value using DBB, DB, CMAR, and IPD was also tested. In addition
to the X2 and X3 as categorical variables X2 and X3 as ordinal variables were examined. The
notional ordinal scale for X2 is presented in Figure 6 in Chapter 2 and the notional ordinal scale
is presented in Figure 15.

Figure 15: Notional Ordinal Contract Method

3.9

Summary
The methodology chosen to address the research questions is through stochastic, or

statistical analysis. The stochastic approach narrowed the focus beyond that typically used in
ideographic research methods, but at the same time provides a greater statistical validity for the
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resulting information. While the research is similar to previous broader AEC Industry research
it has three primary distinctions: (1) the use of a continuous metric for delivery methods; (2)
the building type examined is specifically focused on healthcare facilities including medical
research facilities; and (3) it includes an examination of procurement and contracting methods
as independent variables (IV). The research methodology utilized also addresses critiques of
previous AEC Industry research evaluating acquisition strategies using statistical methods.

Chapter 4
The Need for Defining a Degree of Integration
In the development of the research effort a considerable amount of time was spent on
preliminary work to refine and focus the proposed effort. A portion of this preliminary work
was conducted over a continuous three month period where previous similar works were
studied; a model and survey were created to examine healthcare facility projects; data was
collected; and preliminary analysis was completed. The time after this initial three month effort
was spent refining the concept to allow a feasible stochastic approach to the analysis of
healthcare related facility projects.

4.1

Foundations of Development
The preliminary work reviewed the current state of healthcare, and found that the

previous work studying at the broader AEC Industry had minimal representation of the
healthcare building sector (Bennett et al. 1996; Konchar 1997; Ling et al. 2004; Sanvido and
Konchar 1999). Further it was found that the healthcare facility market was in the midst of a
significant boom (Carpenter 2004) which has continued (Carpenter 2006; HBI 2007) and
showed little signs of slowing down over the next few years (Baker 2013; Sadler 2006; United
States Census 2014). This expected trend came to fruition, and projects planned or executed
remains relatively steady (Hrickiewicz 2010; United States Census 2014).
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Two primary elements were investigated during the preliminary effort. The first was to
review the metrics that previous studies had used. This was achieved primarily by reviewing
the work of Konchar (1997) which looked at the broad U.S. AEC market, Bennett et al which
conducted similar work in the United Kingdom (1996), and Ling et al (2004) which looked at
the broader AEC market in Singapore. The intent of this review was to develop a survey for the
U.S. healthcare sector that would include all the relevant variables identified by these three
studies and other information deemed relevant to the healthcare market sector.

This

comprehensive list led to over 80 pieces of data needing to be collected for each healthcare
project. While this list was overwhelming and intensive with an objective of collecting a large
sample set to enable stochastic analysis, it was useful in helping to identify what elements of
data could reasonably be expected to be available within the healthcare sector.
This initial effort and subsequent refinement also helped determine which elements of
data were critical to achieve the desired analysis of the relating research statement Section 1.4.
Determining which pieces of project data were required for the targeted research question was
important, because such a lengthy questionnaire caused almost immediate subject fatigue.
The second element of the preliminary survey effort was to determine what healthcare
project data was reasonably available and who (e.g. owner, designer, and builder) might have
the respective information requested. In the initial data collection, the method of survey with a
questionnaire produced 71 healthcare related projects. Of the 71 projects only 3 were able to
provide 100% of the information from the questionnaire. Gathering this information required
data from multiple parties, including the owner, designer and multiple members from multiple
companies involved in building the projects (this included general contractors and multiple sub-
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contractors). While this effort was lengthy and time consuming, it provided insight into the
challenges associated with studying the healthcare facility market sector. The complexity of the
building type itself is also equally complex and to some degree fragmented in the overall
knowledge of project information over the lifecycle of a project from concept to occupancy, and
beyond.
This fragmentation of information possibly provides insight into the existing lack of
extensive research for these complex projects.

The one-on-one surveys suggested most

individuals involved in the healthcare construction arena, especially the owner team members
interviewed, based their viewpoints on individual case exposures over their respective careers.
While some noted the existence of broader AEC Industry studies that suggested alternative
acquisition strategies, they were keenly aware of the lack of complex building types in these
studies. All the owners interviewed noted (1) the need for finding methods and means to
improve the traditional DBB approach common amongst the healthcare market sector; and (2)
cited “innovative” approaches their respective organizations were taking to improve the
schedule and cost impacts generally associated with traditional DBB delivery methods.
The prevalence of acquisition strategies which are fundamentally sequential and
compartmentalized in their approach may also explain why the data sought in the preliminary
survey required so many parties to achieve 100% complete surveys. Traditional delivery
methods, which rigidly segmented project development and sequentially acquired various
project professionals, limited cumulative project knowledge passing from one stage or entity to
another (Abudayyeh and Andersen 1999; AIA California Council 2007; Bedrick 2007; Magent
2005). Even further, some procurement and contracting methods might have encouraged
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entities involved in the project organizational structure to guard and limit sharing of project
information (Mitropoulos and Tatum 2000).
However, it is important to note that project success on the preliminary sample set was
not limited to non-traditional project delivery methods. At least one of the projects surveyed
using a “fast-track” approach, very similar in its structure and sequence of execution to
traditional DBB, was one of the more successful projects. This fact is a simple, but critical
lesson learned in the preliminary research to guard against undue bias suggested against
traditional methods. Ling et al. (2004) argue in their research that there are cases where
traditional delivery methods are preferred over that of the non-traditional DB method.
Together the insights gleaned from the preliminary research were important to (1) help
focus the future research; (2) identify critical data required; (3) understand the state of the
healthcare market sector; and (4) the general sources of the project information or knowledge
based across project team members. The preliminary research also helped validate the gap in
existing research in this area as well as the need for organized and unbiased analysis to help the
industry move forward in support of improvement.

4.2

Preliminary Data Collect Results
This section provides an overview of the data collected in the preliminary research effort.

It is important to know that the information presented is meant to help explain the efforts of the
preliminary study and should not be taken as statistically significant representations of the
suggestions they may represent. The preliminary research effort lacked a significant number of
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samples for rigorous statistical analysis, however it did provide insights that helped mold and
shape the more comprehensive research.

4.2.1

Data Set Overview
The preliminary research effort had a sample size of 71 healthcare related projects at its

completion. While it contained 71 projects, not all samples had a complete data set. The results
of this preliminary work clarify the number of samples available relative to each product
discussed below.
The preliminary data set contained projects from 22 states in the United States as well
as a limited amount of projects from outside the United States. Projects were tracked by a
control variable using the Federal Emergency Management Agency (FEMA) regional
delineation. This was done in an effort to help maintain the confidentiality of the project data
presented and also as a way to potentially assess regional differences in healthcare construction,
thus making FEMA region a control variable. However, again because of the small sample
population, there was no analysis performed at this micro level for the preliminary dataset.
The preliminary dataset of healthcare projects represent information from six different
healthcare systems. This information was gathered from a total of two designers, six owners, and
three builders. In some cases one entity provided all the data gathered on a project, while in other
cases the information gathered for one data sample or project was cumulative from a combination
of the project participants. In some cases one or more entities were queried for the same information
to help clarify inconsistencies or eliminate information that was suspect of potential bias.
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Figure 16 provides a short overview of the data set distribution between healthcare
building occupancy as classified by the National Fire Protection Agency (NFPA) Life Safety
Codes (2000).

Laboratory facilities noted are healthcare facilities which predominately

functioned to perform medical related research. The “Other” category represents facilities that
are independent buildings and projects, do not provide any direct patient care and predominately
function to support a healthcare facility (e.g., a central utility plant for a hospital campus).

Figure 16: Data Set Occupancy Type for Preliminary Work
MOB – Medical Office Building

The samples collected consisted mostly of projects that utilized the DBB delivery
method in its acquisition strategy. The second largest representation was that of DB, however
there were considerable differences among the DB projects suggesting categorical classification
of the delivery method in distinct silos may not be an accurate representation of their actual
delivery methodology. Design-Assist, arguably a variation of DB, and Construction Manager
at Risk (CM at Risk) were negligibly represented in the data set. This data set distribution (see
Figure 17) made comparisons, even if preliminary, impractical beyond that of DBB to DB.
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N=71
Figure 17: Preliminary Distribution by Delivery Method

4.2.2

Review of Selected Analysis
Some results seen in the preliminary work followed previous broad AEC Industry

studies (Ling et al. 2004; Miller et al. 2000; Sanvido and Konchar 1999). For example,
construction speed, sometimes referred to as intensity, increased as the size of the overall project
and contract increased. This relationship was supported by R2 values for linear regression
models for delivery and construction speeds of R2=0.95 and R2=0.90 respectively (Figure 18).
However, it was also noted that this simple linear regressions weakened slighted when looking
at just the 1st through 3rd quartiles of sample data. While the linear regression R2 remained
arguably strong (R2= 0.83 and R2=0.76 respectively for delivery and construction speeds) this
difference argues for larger datasets to increase any statistical analysis conclusions drawn
(Figure 19).
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Figure 18: Delivery & Construction Speed Linear Fit
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Figure 19: Construction Speed to Project Size
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The preliminary work’s sample displayed average DB delivery speed (time from design
award to substantial completion of the building) as 29% faster than DBB (Figure 20). Average
construction speed (time from construction award to substantial completion) was 32% faster for
DB than DBB (Figure 21).

N=69
Figure 20: Delivery Speed
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N=69
Figure 21: Construction Speed

One unexpected result found in the analysis of the preliminary work’s project sample
set was cost growth from contract award to substantial completion being greater for new
construction versus repair projects in hospitals. Average construction cost growth for DBB for
new and repair (renovation) hospital projects were on average 16% and 11%, respectively. For
medical office buildings (MOB) or business occupancy classified healthcare facilities the cost
growth was 6% and 9% for new and repair, respectively (see Figure 22).
This difference was generally attributed in hospital buildings to large scope changes on
new projects, based on feedback from team members familiar with the projects.

Other

explanations offered were that it may be attributed to project participants having more defined
basis of design established for repair projects in hospitals and taking extra steps to identify
unknowns in existing building conditions prior to starting a renovation/repair. It was also noted
during the preliminary work that most healthcare owners and thus the healthcare AEC Industry
is more prone to renovation and repair work versus building new. This generalized experience
with repair versus new large capital building programs may contribute to the lower cost growth
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for repair/renovation projects. It should be noted that some more recent new projects were
seeing cost growth in the 25% to 40% range, which was a significant impediment to healthcare
system facility capital building programs.
The difference in cost growth between hospital and MOB/business occupancy
classifications could also be in part related to the time-line associated with these projects. MOB
occupancies, which are less complex and generally smaller than hospitals, often have shorter
project delivery times. Changes in healthcare practice, technology and demographics can
significantly influence healthcare projects (Carpenter 2004), thus longer delivery times on a
healthcare project may also affect the changes (and respectively costs) to hospital occupancy
projects over the project’s delivery.

N=52 (Total)
N=18 (Hospital)
N=34 (MOB/Business)
Figure 22: Cost Growth
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4.2.3

Terminology Challenge
Terminology was also found to be a continual challenge in the preliminary work

conducted. When collecting data in the preliminary research survey, typical definitions for
delivery, procurement, and contracting methods were utilized based on previous academic
publications. Even within the available literature, there was variability in the specific definitions
used (see Chapter 2). This variance was compounded when speaking with industry members
including owners, designers, and builders. Much time was spent during the survey interview
determining common language upon which to discuss the acquisition strategy used and relating
it back to the questionnaire developed. Part of the challenge is based in the simple fact that as
the AEC Industry evolves and adapts, the pre-existing definitions are not fully explanatory of
the evolutions and thus the definitions flex or change (Miller et al. 2000), requiring a shift in
the paradigm.
One example was found in the common use of “delivery system” to refer to parts of the
acquisition strategy. The term “delivery system” was often confused with “delivery method”
or vice versa during the discussions. Another example in terminology confusion was found in
defining the “design-build” method. As the design-build approach has evolved over the years
and owner’s tried to merge strengths and weaknesses of traditional methods with the more
integrated attributes of non-traditional methods, the lines became blurred (Miller et al. 2000).
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This again suggested the silo or categorical classifications used in previous research
studies were no longer appropriate, and perhaps did not adequately address significant
differences within a particular category. This finding guided the development of this concept
for a delivery method metric based on its “degree of integration,” rather than the categorical
silos used in preceding research. This concept is operationalized in more detail in the literature
and methodology sections of this document.

4.2.4

Perceptions vs. Facts
During the course of the preliminary work it was also evident among the participants

that a lack of fundamental benchmarks precluded objective assessment of various marketing
claims. One such example was a claim from one design-build entity that “design-build” and
“design-assist” would provide a quicker state regulatory approval review of hospital facilities.
However, when the various participants in the survey were interviewed there was no consistent
baseline for what “normal review times” were for projects regardless of delivery method
utilized. The perceptions among participants in the survey ranged from six months to two years
as being “typical.” Such a broad range in time frame provided considerable room for (1)
misunderstandings between owner’s and design-builder’s expectations for schedule
performance, and (2) meant there was no real basis upon which to evaluate if the design-build
or design-assist methods being marketed as “faster” for regulatory review in reality had any
impact.
In the course of the preliminary work it became evident that owners, designers, and
builders surveyed were consistently challenged with desires to improve their healthcare facility
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acquisition strategies, while having little more than a mixture of individual anecdotal
experiences upon which they were forced to make decisions. The decisions and anecdotal
analysis of previous projects appeared to be based in logic and a due diligence analysis of
previous case based successes and shortcomings. However, the adjustments made to improve
past experiences were case based, which may or may not represent true trends or attributes
associated with the participants individual past experiences (Fisher et al. 1995; Watt and Berg
1995).
While not directly related to the primary objective of the preliminary research, a
consistent milestone noted as significantly impacting a healthcare project schedule in California
(CA), was the design review process required by the Office of Statewide Health Planning and
Development (OSHPD). As stated earlier, this state review process, and its presence as a major
critical path element in the overall healthcare facility acquisition strategy, was used within
company marketing to help justify non-traditional delivery method utilization. The question
still remained though as to what was the realistic benchmark against which “improvements” on
approval duration would be judged? A range of 6 – 24 months (variance of 400%) in personal
opinion is not a realistic benchmark upon which to make any useful assessments. Therefore,
the OSHPD database was queried over a 10 year period for all projects over $7 million in total
construction value. Figure 23 illustrates the results from 145 healthcare projects for California
over a 10 year period and their respective average design review durations. Using this
information provided a benchmark against which an unbiased assessment could be made when
utilizing non-traditional delivery methods and evaluating claims of decreased state design
review requirements. Contrary to the individual variance of opinions noted, the actual time
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frame varied from as little as three months to as much as six years. As seen in Figure 24, the
data set presents a fairly normal distribution with positive skew (skewed to the right) with a
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Figure 23: Regulatory Design Review Time Frames
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majority of the projects taking one to two years for state design review.
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While the focus of this research is not to benchmark healthcare projects, the stochastic
study described in Chapter 3 and the analysis in Chapter 6 does provide fundamental
benchmarks on healthcare projects that are not readily available to the industry. This simple
benchmarking of historic data provides one example supporting the need for basic healthcare
facility benchmarks to more effectively evaluate the effects of acquisition strategy
improvements. The general assumption that project review time will increase positively with
the total construction cost of the project was generally supported with a linear regression
R2=0.68 as demonstrated in Figure 25. Further using a simple linear regression equation, an
average design review time (y) can be established based on expected total construction size (x)
as the basis for comparison for non-traditional delivery methods.

OSHPD Average Time - Design Approval (Average Cost
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Figure 25: Average Design Review Times – Linear Regression
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4.3

Preliminary Research Conclusions
The preliminary research provided valuable insights into the research process for the

more detailed study. First and foremost, it provided an overview of metrics used in broader
AEC Industry studies as well as their potential weaknesses. Secondly, the preliminary effort
served as a means to focus the data requirements for the healthcare market sector study and
balance that with realistically available data for a stochastic study. The effort also identified a
general lack of existing benchmarks in the healthcare market sector and challenges faced by the
industry owners, designers, and builders this caused in evaluating “improvements” in these
complex facilities.
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Chapter 5
Defining and Quantifying the Degree of Integration
This chapter reviews the project data collected and reviewed for this research. It is not
a list of the raw data, but is representative of the industry survey results that helped inform the
development of the main research approach addressing the hypotheses described in Section 1.4.

5.1

Industry Expert Survey
As described in Chapter 3 a preliminary survey of industry professionals was conducted.

This survey served to inform three basic pieces of this research.
1. Validation of the project lifecycle knowledge stages (see Table 1: Project Lifecycle
Knowledge Bases);
2. Assisting in the establishment of the degree of integration metric; and
3. Insight into the alignment of delivery method terms and graphical representations
relative to perceived integration and collaboration.
The survey was sent to 114 professionals. The recipient list was assembled from known
healthcare AEC Industry owners, builders, designers, operators, regulators, and consultants.
The identified recipients were drawn from personal contacts, industry partners of the Penn State
Architectural Engineering program, healthcare AEC sector focused conference attendees,
referrals from other industry experts and requests to participate in the survey.
90 responses were received, reflecting a 79% response rate. Some responses were
incomplete, and could only be used for certain elements of the analysis. Where the partial
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responses had the required data fields for a specific analysis they were used. 78 responses
(representing 68%) were complete and could be used for all analysis conducted. Usable
responses were further limited by a desire to ensure participants had at least 10 years of relevant
experience.
Figure 26 shows the distribution of respondent groups. While the owner response
represents the greatest portion of those providing feedback, it is important to note that the owner
group is a diverse cross section of the healthcare market. Only 13% were from the federal
government and the remainder of the participants represents a cross-section of other facility
owners outside of the federal government.
Regulator
1%

Academia
10%

Builder
19%
Owner
50%

Designer
20%

N=90
Figure 26: Respondent by Type

The majority of those responding had over 15 years of experience in the Architecture,
Engineering, and Construction (AEC) Industry (see Figure 27). Specifically, the majority of the
respondents had at least 10 years of experience working in the healthcare sector of the AEC
Industry (see Figure 28).
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N=90
Figure 27: Respondent AEC Industry Experience for All Respondents

>= 15 years
31%
<= 5 Years
15%

>= 10 and <15
years
36%

>5 and <10
years
18%

N=90

Figure 28: Respondent AEC Industry Experience for Healthcare Sector Respondents

Most of the analysis described is derived from the industry expert group with a minimum
requirement of 10 years of experience in the AEC Industry. Exceptions to this minimum
requirement throughout the research are specifically identified. Associated graphs indicate the
sample population of usable survey results by “N=”.
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Partially completed surveys were in most cases excluded from the analysis, unless the
responses provided enough information to effectively support a specific analysis item. As an
example if the analysis is addressing knowledge base, minimum experience levels were
identified, and if the respondent answered the survey questions pertaining to the knowledge base
their responses were used in the analysis.

5.1.1

Project Lifecycle Knowledge Base Data
Related to the Project Lifecycle Knowledge Base (see Table 1) those with AEC Industry

experience of at least 10 years were used. The relevance of the knowledge base results were
informative to validate a general agreement of where the knowledge associated with projects
across the life cycle was best validated in case of any conflicts that may arise during the research.
The analysis looked at the rankings by the various self-identified groupings: academia, builder,
designer, owner, and regulator. Respondents were placed in the category for which they
indicated the majority of their experience existed.
The responses did not vary in overall ranking of relating to which entity was likely to be
the most knowledgeable for a specific life cycle stage, though there were some differences of
opinion in the lowest ranking. Further the distribution of respondents with the requisite
experience was not sufficient enough to perform any statistical analysis to establish potential
bias. As an example only one regulator responding had more than 10 years of AEC Industry
experience, and no regulator responding had more than 10 years of healthcare AEC Industry
experience.

The usable responses supporting the results presented in Table 7, were 52
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respondents with 10 years of healthcare sector of the AEC Industry and 74 respondents with 10
years of AEC Industry experience.

Designer

Builder-GC

Builder-Trade

User

Regulator

Master Planning **
Master Planning *
Design **
Design *
Building (General Knowledge) **
Building (General Knowledge) *
Building (Specific Knowledge) **
Building (Specific Knowledge) *
Operations **
Operations *

Owner

Table 7: Project Lifecycle Knowledge Base Survey Results

1
1
2
2
4
4
4
4
2
2

2
2
1
1
3
2
3
3
5
5

4
4
3
3
1
1
2
2
4
4

6
6
5
5
2
3
1
1
3
3

3
3
4
4
6
6
6
6
1
1

5
5
6
6
5
5
5
5
6
6

N=74 (AEC Industry Experience greater than 10 years) **
N=52 (Healthcare Sector AEC Industry Experience greater than 10 years) *
NOTE: Table represents the stakeholder with the most knowledge of a project’s detail
for the specific facility life cycle stage. “1” represents the highest knowledge of the life cycle
stage and “6” the least.

While the detail for each assessment is not presented here, the agreement across the
respondent groups was also in alignment (see Table 8).

This alignment of agreement

demonstrates general agreement between entities involved in the AEC lifecycle for building
projects that there is (1) a distribution or knowledge associated with various stages of a facility
lifecycle, and (2) the highest knowledge for a given stage of the lifecycle resides with the
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identified entity. These assertions can be seen by the results in Table 7, and more clearly
depicted in Table 1.

Builder-GC

Builder-Trade

User

Regulator

Rank

Designer

Academia (N=6)
Builder (N=15)
Designer (N=15)
Owner (N=37)
Regulator (N=1)
Grand Total

Owner

Table 8: Project Lifecycle Knowledge Base Survey Results – Master Planning

1.3
1.6
1.9
1.2
4.0
1.5

2.0
2.2
1.9
2.1
1.0
2.1

2.8
3.4
4.4
4.2
3.0
3.9

4.3
4.8
5.4
5.3
5.0
5.1

4.2
3.6
3.2
3.2
2.0
3.3

5.3
5.4
4.2
4.2
6.0
4.6

1

2

4

6

3

5

N=74 (AEC Industry Experience greater than 10 years)
NOTE: Table represents the stakeholder with the most knowledge of the master
planning life cycle stage. “1” represents the highest knowledge of the life cycle stage and “6”
the least. Number presented is the average of the responses from the respondents (vertical)
relative to the stakeholder (horizontal) who is the most knowledgeable of the life cycle stage (in
this case master planning).

5.1.2

Integration Metric – Key Level of Integration (LOI) Trades
The survey results used for this assessment were for those indicating more than 10 years

of experience in AEC and Healthcare AEC market sector. As described in earlier chapters a
key element to the “Degree of Integration” is the assessment of when key trades involved in the
project were engaged. Owner, architect, engineer, and GMGC are traditionally seen as key roles
involved in the process and important to an integrated delivery approach. However, as identified
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in the literature review there are often additional key trades to support involved in more
integrated delivery methods. The survey of industry experts was used to identify which trades
should be focused on in the analysis. Those entities that were above the median were selected
for inclusion in the degree of integration metric (see Eq. 4).
Table 9 shows the results of the survey responses. The following key project team
members were identified:
1. Construction Manager / General Contractor (Builder)
2. Architect (Designer)
3. Engineer (Designer)
4. Owner
5. Electrical Subcontractor (Builder – Specific Trade)
6. Medical Equipment Planner (Designer / Consultant)
7. Mechanical HVAC Subcontractor (Builder – Specific Trade)
8. Staff / Users
9. Estimator
Structural fabrication/construction was not above the average.

This could be for

multiple reasons, though the survey did not provide sufficient detail to determine the detailed
justifications for the ratings. The plumbing subcontractor, though close to the average, was also
below the average. The respondents were provided the opportunity to list other entities that
should be considered. Feedback for other entities was generally singular in occurrence and
generally represented sub-groups of the entities listed. These included building operations staff
(N=5), which are often subsets of owner group in healthcare facilities; regulators / authorities
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having jurisdiction (AHJ), which are required for all approvals relating to code approval (N=5);
and specialty consultants such as laboratory consultants (N=2), information technology (IT)
consultants (N=1), and initial outfitting specialists (N=1). Relating to estimation there was also
a notable comment that there is a benefit to clarity to whom the estimator represents. The survey
did not specify for whom the estimator worked, but whether or not they were a key entity for
determining degree of integration.
The general premise of integrated delivery is that the sooner you have entities with
relevant subject matter expertise involved the more likely you are to have successful outcomes.
Figure 29 shows graphically the results with the overall averaged rating emphasized.
This indicates some groupings that could indicate tiered cohorts of relative importance as seen
by the industry expert respondents. As an example the traditional cohort of designer (architect
and engineer), builder (GC/CM), and owner might be the most important or a minimum
threshold. While the addition of electrical and HVAC subcontractors, estimator, mechanical
equipment planner, and staff/users might represent a second lesser, but highly desirable group
of subject matter experts, to be included early in an integrated project team.
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4.8
4.7
4.6
4.8
4.3
3.8
3.9
3.7
4.1
3.9
3.3
3.3
2.7
3.1
2.4
2.1

4.9
4.8
4.8
4.8
4.2
4.3
3.6
4.2
3.9
3.8
3.6
3.9
3.3
3.4
3.1
3.2

Grand Total

Designer

5.0
5.0
5.0
4.7
4.0
4.0
4.0
4.7
3.7
3.3
4.0
3.3
3.7
3.3
3.0
3.0

Owner

Builder

Entity
Bldr-CMGC
Designer-Arch
Designer-Engineers
Owner
Bldr-Mech-HVAC
MedEqPlanner
Bldr-Elec
Estimator
Bldr-Mech-Plumbing
Staff
LEED
Bldr-Structural
Bldr-Comm
Bldr-FireSprinkler
Patients
Bldr-Masonry

Academia

Table 9: Level of Integration (LOI) – Key Project Team Members (Healthcare Experience)

4.8
4.85
4.8
4.81
4.7
4.73
5.0
4.88
4.2
4.23
4.0
4.02
4.2
3.98
3.9
3.96
3.7
3.83
4.0
3.92
3.4
3.48
3.2
3.35
3.4
3.25
3.4
3.35
2.6
2.69
2.5
2.60
Median 3.94
Average 3.87

N=48 (Healthcare Sector AEC Industry Experience greater than 10 years)
Note: Represents average score from respondent group and total. Blue cells indicate
above average score from respondents.
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4.5
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3.5
3.0

Builder

Designer

Owner

Bldr-Masonry

Patients

Bldr-FireSprinkler

Bldr-Comm

Bldr-Structural

LEED

Staff

Bldr-Mech-Plumbing

Estimator

Bldr-Elec

MedEqPlanner

Bldr-Mech-HVAC

Owner

Designer-Engineers

Designer-Arch

Bldr-CMGC

2.5

Grand Total
N=48

Figure 29: Level of Integration (LOI) – Key Trades (Healthcare Experience)
There was some difference seen between those who had general AEC experience and
AEC healthcare sector specific experience. Those with general AEC experience did not see
staff as high of a priority (above the average) as the subset of respondents who had more than
10 years of healthcare related AEC experience. This is perhaps an indication that with
experience in the healthcare sector, it is more evident that the staff can have rather large
implications on overall needs and preferences that directly impact the cost and schedule of a
healthcare project.
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4.7
4.8
4.8
4.6
4.1
4.2
3.6
4.1
3.8
3.6
3.4
3.8
3.4
3.5
2.8
3.3

4.9
5.0
4.8
5.0
4.8
5.0
4.7
5.0
4.3
4.0
4.0
4.0
4.1
3.0
3.8
3.0
3.7
3.0
3.8
4.0
3.4
4.0
3.3
4.0
3.3
4.0
3.4
2.0
2.5
3.0
2.5
2.0
Median
Average

Grand Total

4.7
4.7
4.6
4.9
4.4
4.1
4.1
3.6
4.3
3.9
3.2
3.6
3.0
3.0
2.5
2.2

Regulator

Designer

4.7
5.0
4.8
4.8
3.8
3.5
3.7
4.5
3.3
3.7
4.0
3.0
3.2
3.0
3.0
2.7

Owner

Builder

Entity
Bldr-CMGC
Designer-Arch
Designer-Engineers
Owner
Bldr-Mech-HVAC
MedEqPlanner
Bldr-Elec
Estimator
Bldr-Mech-Plumbing
Staff
LEED
Bldr-Structural
Bldr-Comm
Bldr-FireSprinkler
Patients
Bldr-Masonry

Academia

Table 10: Level of Integration (LOI) – Key Trades (AEC General Experience)

4.80
4.78
4.75
4.75
4.23
4.01
3.94
3.87
3.83
3.77
3.43
3.45
3.28
3.26
2.62
2.62
3.85
3.84

N=69 (AEC Industry Experience greater than 10 years)
Note: Represents average score from respondent group and total. Blue cells indicate above
average score from respondents.

Figure 30 suggests the same relative potential cohort grouping as that of those with more
healthcare sector focuses (see Figure 29). The delineation is slightly less pronounced and
perhaps fewer groupings.
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5.0
4.5
4.0
3.5
3.0

Builder

Designer

Owner

Regulator

Bldr-Masonry

Patients

Bldr-FireSprinkler

Bldr-Comm

Bldr-Structural

LEED

Staff

Bldr-Mech-Plumbing

Estimator

Bldr-Elec

MedEqPlanner

Bldr-Mech-HVAC

Owner

Designer-Engineers

Designer-Arch

Bldr-CMGC

2.5

Grand Total
N=69

Figure 30: Level of Integration (LOI) – Key Trades (AEC General Experience)

5.1.3

Integration Metric – Commissioning (Cx) Involvement
Commissioning (Cx) was seen as an important component of the team success.

Commissioning serves a key role ensuring the testing and proper operations of various building
systems (see Table 11). If involved early, the commissioning (Cx) agent can also function as a
key entity to provoke dialog regarding key metrics or project success and spur dialog on the
interrelation of various building elements (e.g. HVAC to building controls to operational
maintenance procedures whilst a healthcare facility is occupied).
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In the survey Cx was assessed separately from the other entities / trades, though multiple
comments were received that Cx was a key team member for integrated project delivery.
Respondents later assessed Cx importance as they progressed through the survey.

3.3
3.5
4.5
4.1
NA
3.7
3.6
4.3
4.1
5.0
Healthcare AEC Trade Median (See Table 9)
Healthcare AEC Trade Average (See Table 9)

Grand Total

Regulator

Owner

Designer

Builder

Entity
Cx *
Cx **

Academia

Table 11: Level of Integration (LOI) – Commissioning (Cx)

4.02
3.99
3.94
3.87

N=69 (AEC Industry Experience greater than 10 years) **
N=48 (Healthcare Sector AEC Industry Experience greater than 10 years) *
Note: Blue cells indicate above average score from respondents.

Respondents were also asked which stages of the facility lifecycle the Cx agent should
be involved. The choices provided were Pre-Design, Schematic Design, Design Development,
Construction Documents, Construction, and Operations. Figure 31 shows the percentage of
respondents indicating the Cx agent should be involved for the respective stage of facility
project. Figure 32 shows the latest the Cx agent should be involved in the process. Together,
these data sets support the premise of the importance of Cx agent involvement in an integrated
project delivery, and earlier (“time of inclusion”) is better.
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100%
75%
50%
25%
0%
Grand Total
Academia
Builder
Designer
Owner

Pre-Design

Schematic

25%
33%
0%
10%
40%

69%
100%
60%
70%
68%

Design
Construction
Construction
Development Documents
63%
60%
63%
100%
0%
67%
60%
50%
60%
40%
50%
40%
68%
76%
72%

Operations
56%
67%
50%
40%
64%

N=48

Figure 31: Level of Integration (LOI) – Commissioning (Cx) Agent

100%

75%

50%

25%

0%
Grand Total
Academia
Builder
Designer
Owner

Schematic
Design
27%
67%
10%
40%
24%

Design
Development
42%
33%
40%
30%
48%

Construction
Documents
21%
0%
40%
30%
12%

Pre-Design

Construction

4%
0%
0%
0%
8%

6%
0%
10%
0%
8%

Figure 32: Latest Point to Include Commissioning (Cx) Agent

N=48
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5.1.4

Integration Metric – Open Book
The relative importance of an “open book” approach to an integrated project delivery

was seen as high by all groups within the respondent sample, except regulators. As shown in
Table 12 the ability for the key team members to have transparency of the cost accounting on a
project was a key factor supporting more integrated project delivery methods. While this was
an expected outcome and supportive of the information detailed in Chapter 2, the associated
comments helped to reinforce what is the most important benefit of an open book approach –
the establishment of trust among the project team members. The survey results support the
premise that projects with open book cost accounting yield a higher level of trust among the
team members and serves as an indicator of projects with a likely higher trust factor, important
to more integrated project delivery methods. While “trust” is a qualitative factor, using the
presence or absence of open book cost accounting serves as a quantitative indicator of likely
project team trust.
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Grand Total

Regulator

Owner

Designer

Builder

Academia

Table 12: Level of Integration (LOI) – Open Book Importance

Factor
Open Book *
4.0
4.7
4.2
4.5
NA
Open Book **
4.0
4.4
4.0
4.5
3.0
Healthcare AEC Trade Median (See Table 9)
Healthcare AEC Trade Average (See Table 9)

4.44
4.32
3.94
3.87

N=69 (AEC Industry Experience greater than 10 years) **
N=48 (Healthcare Sector AEC Industry Experience greater than 10 years) *
Note: Blue cells indicate above average score from respondents.

5.1.5

Integration Metric – Building Information Modeling (BIM) Importance
While building information modeling (BIM) is one of many enabling tools AEC Industry

practitioners use in the completion of a project, it was evident from the review of previous
research (see Chapter 2) that its use was an important tool to make integrated project delivery a
reality. The results from the industry expert feedback resoundingly supported this premise (see
Table 13).
Associated comments indicate that more granular delineation of the details of BIM usage
would perhaps provide even better metrics of a projects degree of integration. As an example,
the comments can be generalized as:
1. How many of the key entities and subcontractors used BIM?
2. How was BIM used?
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3. Were the BIM team members collocated?
4. How often did the key trades coordinate / reconcile the BIMs used on the project?
5. Was BIM used as the primary design and shop drawing coordination tool, or just
a deliverable directed by contract?

Factor / Tool
BIM *
4.3
4.8
4.3
4.4
NA
BIM **
4.3
4.6
4.3
4.3
4.0
Healthcare AEC Trade Median (See Table 9)
Healthcare AEC Trade Average (See Table 9)

Grand Total

Regulator

Owner

Designer

Builder

Academia

Table 13: Level of Integration (LOI) – BIM Importance

4.46
4.39
3.94
3.87

N=69 (AEC Industry Experience greater than 10 years) **
N=48 (Healthcare Sector AEC Industry Experience greater than 10 years) *
Note: Blue cells indicate above average score from respondents.

5.1.6

Integration Metric – Incentives & Penalties Importance
This proved to be one of the most interesting importance factors since the results were

more mixed, and unexpected based on previous literature. While the concept of incentives and
penalties was seen as indicating factors for more integrated project delivery methods, only
penalties were above the average of importance. As seen in Table 14, incentives were viewed
as a less important attribute indicating an integrated delivery method than penalties. Most
surprisingly this proved to be true in the builder group also. This was unexpected because often
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the builder bears the brunt of the penalties, since construction is by far the highest cost stage of
project delivery prior to operations. However it is important to note that the question was framed
as “shared” penalties or incentives and open response comments (N=4) emphasized the need for
them to be shared in a proportionally equal method. Additional comments (N=3) suggested that
incentives and penalties are used to encourage certain project behaviors or outcomes. As the
owner is the procurer of the project, to fulfill some defined requirement for the owner they are
the most critical component of defining and establishing project incentives or penalties.
Other comments (N=2) suggested that often the difference between a penalty and
incentive is limited to whether you emphasize the negative or positive of a desired outcome or
desired project team behavior. As an example shared project profit would be more of an
incentive if cost savings provides a benefit (thus incentive) to the team, rather than being
penalized for cost overruns. The same could be applied to schedule, incentives for meeting
schedule rather than penalties for missing schedule. The cost or profit impacts may be exactly
the same to the team, but one is more of a positive perspective than the other.
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Factor
Incentives *
4.7
3.7
3.2
3.4
NA
Incentives **
4.3
3.9
3.3
3.6
4.0
Penalties *
4.3
4.3
3.7
4.0
NA
Penalties **
4.3
4.4
3.7
4.1
4.0
Healthcare AEC Trade Median (See Table 9)
Healthcare AEC Trade Average (See Table 9)

Grand Total

Regulator

Owner

Designer

Builder

Academia

Table 14: Level of Integration (LOI) – Penalties & Incentives Importance

3.52
3.67
4.04
4.10
3.94
3.87

N=69 (AEC Industry Experience greater than 10 years) **
N=48 (Healthcare Sector AEC Industry Experience greater than 10 years) *
Note: Blue cells indicate above average score from respondents.

5.2

Integration Metric – Defining the Cumulative Metric
Sections 5.1.2 through 5.1.6 provide an overview of the industry expert responses to

various attributes associated with project delivery methods.

These results were used to

formulate the degree of integration metric.
If incentives and penalties are merely viewed as an attribute of assigning risk rather than
intended to encourage and strengthen team integration, than it might be best to leave it out of
the delivery method, and instead, view it as an attribute of the contract methodology (see Section
2.5). The premise of the attribute as defined, while implemented on a specific project most
often through cost risk sharing, the fundamental basis of the incentive or penalty is to encourage
certain shared team goals or behaviors for the duration of the project itself.
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As explicated in Chapter 2 the key attribute of the delivery method is the team members.
Using the average from the key team members (see Table 9) as a basis for inclusion in the degree
of integration, the following attributes would be included based on the industry expert
responses. The cumulative results are shown in Table 15 and provide guidance for which
variables are included in Eq. 3 and Eq. 4.
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Grand Total

Owner

Designer

Builder

Sorted Highest to Lowest
Grand Total

Academia

Table 15: Level of Integration (LOI) – Cumulative List (Healthcare Experience)

Entity / Factor / Tool
Owner
4.7
4.8
4.8
5.0
4.88
Bldr-CMGC
5.0
4.8
4.9
4.8
4.85
Designer-Arch
5.0
4.7
4.8
4.8
4.81
Designer-Engineers
5.0
4.6
4.8
4.7
4.73
BIM
4.3
4.8
4.3
4.4
4.46
Open Book
4.0
4.7
4.2
4.5
4.44
Bldr-Mech-HVAC
4.0
4.3
4.2
4.2
4.23
Shared Penalties
4.3
4.3
3.7
4.0
4.04
Cx
3.3
3.5
4.5
4.1
4.02
MedEqPlanner
4.0
3.8
4.3
4.0
4.02
Bldr-Elec
4.0
3.9
3.6
4.2
3.98
Estimator
4.7
3.7
4.2
3.9
3.96
Staff
3.3
3.9
3.8
4.0
3.92
Bldr-Mech-Plumbing
3.7
4.1
3.9
3.7
3.83
Shared Incentives
4.7
3.7
3.2
3.4
3.52
LEED
4.0
3.3
3.6
3.4
3.48
Bldr-Structural
3.3
3.3
3.9
3.2
3.35
Bldr-FireSprinkler
3.3
3.1
3.4
3.4
3.35
Bldr-Comm
3.7
2.7
3.3
3.4
3.25
Patients
3.0
2.4
3.1
2.6
2.69
Bldr-Masonry
3.0
2.1
3.2
2.5
2.60
Healthcare AEC Trade Median (See Table 9) 3.94
Healthcare AEC Trade Average (See Table 9) 3.87
N=48 (Healthcare Sector AEC Industry Experience greater than 10 years)
Note: Blue cells indicate above average score from respondents.

The time of inclusion variable (x'2i) is comprised of the following nine team members
(see Eq. 16):

Owner, Construction Manager / General Contractor (builder), Architect

(designer), Engineer (designer), Mechanical – HVAC subcontractor (builder), Medical
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Equipment Planner (designer / consultant), Electrical subcontractor (builder), Estimator
(consultant), and Staff (generally an owner sub entity).
′
′
′
′
′
x2𝑖𝑖
= a2𝑂𝑂𝑂𝑂𝑂𝑂𝑒𝑒𝑟𝑟 x2𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂
+ a2𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 x2𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
+ a2𝐴𝐴𝐴𝐴𝐴𝐴ℎ x2𝐴𝐴𝐴𝐴𝐴𝐴ℎ
+ a2𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 x2𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
′
′
′
+ a2𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 x2𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻
+ a2𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 x2𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
+ a2𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 x2𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
′
′
+ a2𝐸𝐸𝐸𝐸𝐸𝐸 x2𝐸𝐸𝐸𝐸𝐸𝐸
+ a2𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 x2𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

Eq. 16

The calculation to determine the actual x'2i value for each team member would be as
shown in Eq. 17. Where z2i represents the number of calendar days from start of design that the
specific team member was brought on board to actively participate in the project development,
and z presents y3 - ydsgn (total days between design start and substantial completion). A team
member that is brought on board at the very beginning of design would yield a 1 and a team
member brought on board the same day as substantial completion (y3) would yield a 0. The
time of inclusion calculation for Cx would follow the same methodology as described in Eq. 17.
′
x2𝑖𝑖
=

𝑧𝑧 − 𝑧𝑧2𝑖𝑖
𝑧𝑧

Eq. 17

The “a” within Eq. 16 represents a potential weighting factor. Based on the industry
feedback, a basic weighting of the overall variables can be determined. Since the maximum
scale for a completely integrated project would be a maximum of 10, the resulting weighting
factors are as shown in Table 16. An example of the calculation for the “Owner” is (4.88 ÷
56.33) x 10 = 0.87 weighting factor.
This would result in the final degree of integration (X1) being represented by expanding
the details of Eq. 3 as presented in Eq. 18.
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′
′
′
′
X1 = 0.79x1′ + 0.87x2𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂
+ 0.86x2𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
+ 0.85x2𝐴𝐴𝐴𝐴𝐴𝐴ℎ
+ 0.84x2𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
′
′
′
′
+ 0.75x2𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻
+ 0.71x2𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
+ 0.71x2𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
+ 0.70x2𝐸𝐸𝐸𝐸𝐸𝐸
′
+ 0.70x2𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
+ 0.71x3′ + 0.79x4′ + 0.72x6′

Eq. 18

Table 16: Level of Integration (LOI) – Weighting Factors

Entity / Factor / Tool

Grand Total

Weighting
Factor

Sorted Highest to Lowest
Grand Total

Owner (x'2Owner)
Bldr-CMGC (x'2CMGC)
Designer-Arch (x'2Arch)
Designer-Engineers (x'2Engr)
BIM (x'4)
Open Book (x'1)
Bldr-Mech-HVAC (x'2HVAC)
Shared Penalties (x'6)
Cx (x'3)
MedEqPlanner (x'2MedEquip)
Bldr-Elec (x'2Elec)
Estimator (x'2Est)
Staff (x'2Staff)
Total

4.88
4.85
4.81
4.73
4.46
4.44
4.23
4.04
4.02
4.02
3.98
3.96
3.92
56.33

0.87
0.86
0.85
0.84
0.79
0.79
0.75
0.72
0.71
0.71
0.71
0.70
0.70
10.00

N=48 (Healthcare Sector AEC Industry Experience greater than 10 years)

The metric was developed to represent the degree or level of integration exhibited by
the individual project. This degree of integration (DOI) metric becomes a means to measure
the attribute of integration indicated throughout literature reflective of categorical delivery
methods used for analysis advocating more integrated methods. The next chapter presents an
evaluation of the hypotheses based upon the use of the integration metric as a measurable
indicator of the level of integration on the project.
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Chapter 6
Project Data & Analysis
This chapter reviews the analysis of the project related data following the methodology
described in Chapter 3. There are two primary sections presented (1) first a review of the project
through descriptive statistics, and (2) the stochastic analysis performed relative to the
hypotheses defined in Section 1.4.1.

6.1

Project Data Set Descriptive Statistics
Project data was collected from a mix of owners, designers, builders, and published

information on healthcare projects. The projects reflect healthcare related projects with a
substantial completion date between 1993 and 2014. The individual project cost at substantial
completion ranged from $1 million to slightly over $1 billion for project construction cost.
There were 66 projects that were $10 million or less, 73 projects between $10-$100 million, 15
projects between $100-$500 million, and 6 projects over $500 million in construction cost at
substantial completion. Data on over 300 projects was collected. Projects were eliminated if
they did not meet the following criteria:
1. Total construction cost over $1 million,
2. Included valid gross square feet identified for the project, and
3. Included the information required to determine X1, X2, X3, and at least Y1, or Y2.
This included data related to the supporting variables (x'i) and control variables (Ci).
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The resulting sample set evaluated was N=160 for Y1 (cost growth) and N=119 for Y2
(schedule/time growth). Figure 33 through Figure 42 provide general project attributes for the
sample set used for the cost (Y1) and schedule (Y2) evaluation. It is important to note the number
of categories for those variables that are categorical in nature. The statistical strength is
impacted by the number of projects available for each category. Therefore it is quickly seen
that a sample set required would quickly become unobtainable.
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Cost

Schedule

84

30
6

6

Other:

5

21

5

Business or MOB Ambulatory Care

4
Hospital

3

Laboratory

Figure 33: Projects by Occupancy Type

The occupancy types identified were medical office building (MOB), ambulatory care,
hospital, medical research laboratory, and other. “Other” included projects that were supportive
in nature to the administration of healthcare operations and would have been of similar
construction complexity to MOB, and therefore were included in the MOB group for categorical
analysis.
The project data set consisted of projects including: completely new construction, new
construction additions to existing facilities (addition / alteration), and repair (includes
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renovation and restoration) of existing buildings. The majority of the projects represented were
identified as new construction (see Figure 34).

99

Cost

Schedule

75
43

42

18
2
Repair

New Construction

Addition / Alteration

Figure 34: Repair, New Construction, and Combination (Addition / Alteration)

A key impact of the X1, “Degree of Integration,” was the benefit of a continuous variable
that represented the delivery methodology as a measure of integration for the project. The
proliferation of project categorical nomenclature used to identify variances in delivery method
complicates the issues and challenges identified by earlier studies (see Chapter 2) around the
acquisition strategy for the AEC Industry.

Using the previous research’s categorical

nomenclature with the introduction of Integrated Project Delivery (IPD) would have yielded a
minimum of four categories. The delivery methodology nomenclature used by the project
delivery team members would have resulted in seven categories further limiting the ability to
do any meaning statistical analysis. Even with the corresponding large project size required,
the categories would not have been able to account for nuances of integration qualities for the
projects within those categorical delivery methods. The categorical nomenclature used on the
projects (categories seen in Figure 35) relative to delivery method also appeared to have a high
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bias relating to “selling” a project both from the builder / designer to the owner and the owner
to their respective governance bodies.

Cost

83

Schedule
65

65
42

4

4

IPD: Integrated Project
Delivery

8

8

CM at Risk

DB: Design-Build

DBB: Design-Bid-Build

N=160

Figure 35: Projects by Delivery Method (categorical)

The categorical classification by delivery method used by Konchar (1997) and the IPD
classification as identified by the AIA (AIA California Council 2007) were used to classify the
projects for comparative purposes. Figure 35 depicts this project distribution. Here again it is
key to note that this tells us nothing about the level of integration the project possessed. Ample
research exists to address this relative to a typical ordinal concept of integration for categorical
delivery method classification (see Chapter 2). N=160
Figure 36 highlights how that traditional relationship hierarchy of design-build (DB)
presumed to be more integrated than construction manager at risk (CMAR) projects are not
reflective of the project sample in this research. While that traditional ordinal assumption may
typically hold true, it would have been misrepresentative of the projects organizationally
structured as “CMAR” delivery method compared to those of a “DB” category (see Figure 35).
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Derived assumptions relating to the key attribute of integration typically tied to those categories
would be in error.
While the projects were organizationally structured as a CMAR, having separate
contracts between the designer and builder, the owner’s took specific steps to increase the
integration and collaboration potential on those projects with the expected outcome to be
improved project success in broad terms. These included bringing the CM on board earlier,
open book procedures, the use of BIM, and integrating key construction sub-contractors earlier
in the process. Additionally, for some cases, the medical equipment procurement team was
brought on very early in the design and construction process.
In the majority of the CMAR classified projects there were underlying efforts to use
established delivery methods, but pull in perceived beneficial characteristics from more
integrated delivery methods such as IPD without executing a pure IPD. This appeared to be for
two primary issues: (1) familiarity and comfort of the owner CMAR over IPD, and (2)
governance limitations perceived or real with newer delivery methods such as IPD.
The information obtained on these CMAR projects did not provide specific details
relating to the intended goals for “improved project success,” and was inferred to include at
least improved cost and schedule as a factor based on the available project information.
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DOI (X1) Range

Average
9.91

12
IPD: Integrated
Project Delivery

9.88

CM at Risk

7.89

9.93

9.36

8.73

10
8

7.49
5.80

IPD:
Integrated
Project
Delivery

6.93

4

CM at Risk

4.68

8.40

DB: DesignBuild

DBB: DesignBid-Build

6.01

DBB: DesignBid-Build

6
DB: DesignBuild

N=160
Figure 36: Projects DOI (X1) by Traditional Categorical Classification – Range and Average

This does not mean traditional assumptions relative to integration characteristics
between DB and CMAR are incorrect, but it does indicate that it would be incorrect in this
project data set. The continued addition of new delivery methodology nomenclature, the
morphing of project attributes, increasingly mixed organizational structures for the project team,
and variations within the sequence in which those team members are acquired would suggest
this type of potential error will be unavoidable when using categorical analysis approaches. In
ranges where the project’s degree of integration could bleed over between categories the
researcher would only be measuring an organizational structure difference and not the level to
which integration or collaboration exists. If the intent of the research were to simply measure
organizational structure difference, then categorical would be appropriate. However for the
intent of this research, and other similar studies focused on integration and collaborative aspects
of the delivery method used, it would introduce unacceptable error due to potential
misclassification.
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Procurement (X2) and Contracting (X3) methods were also identified by project. The
categories identified through literature review were used for the primary analysis. In addition,
the notional ordinal classification of procurement and contracting methods were also explored.
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Source
Selection
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Fixed
Budget /
Best Design

Best Value

Low Bid

18 18

8 8

5 5
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Negotiation

37

Schedule

Sole Source
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Figure 37: Projects by Procurement Method (X2)
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Cost

Schedule

105

8
Lump Sum

8

GMP
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2

Time & Material

4

4

Cost Plus

Figure 38: Projects by Contracting Method (X3)

The range of cost and schedule differentials was identified by the categorical delivery
method. Additionally, their respective averages are presented. The information represents cost
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and schedule growth from construction award to substantial completion. The range represents
the maximum and minimum observed for a project within the sample set.
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Average

15

DB:
DesignBuild

Range (% $ Growth)

7.1

5
0

-19

DBB: Design-Bid-Build

45

-5
-10

-18.0

-28 -6

CM at Risk

IPD: Integrated Project
Delivery

-20

IPD:
Integrated
Project
Delivery

-15

40

-17

DB: Design-Build

N=160
Figure 39: Projects Cost Differential (Y1) by Traditional Categorical Classification – Range
and Average

Range (% Growth)

Average
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CM at Risk
IPD: Integrated
Project Delivery

139

IPD: Integrated
Project Delivery

-13

DB: DesignBuild
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N=119
Figure 40: Projects Schedule Differential (Y2) by Traditional Categorical Classification –
Range and Average
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While shared incentives were not identified by the industry experts as a critical
integration variable the data field was tracked. The extent of shared incentives or penalties was
not tracked, merely the presences or absences of shared incentives between the primary project
team members. Few projects included either of these features.
153

Cost
Schedule

112

7

152

8

7

No Shared Incentives Shared Incentives

Cost
Schedule

111

8

No Shared Penalties Shared Penalties

Figure 41: Projects by Shared Incentives (x'5) & Shared Penalties (x'6)

The majority of the projects indicated that they did not use BIM in any fashion on the
projects. This could be in part due to the range of timeline for the projects or the high sample
concentration of public projects, though some public owners were early adopters of BIM. The
data collected did not allow for any indication of the extent to which BIM was employed. It
merely identified where some member of the team employed BIM on the project.
The use of open book accounting practices between the primary project team members
(owner, CM/GC, designer and key builder sub-contractors) was identified. There was no
differentiation of open book practices, just the presence or absence of “open book” practices.
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Figure 42: Projects by Open Book (x'1) & BIM (x'4)

The majority of the projects collected and having viable data were from public
ownership and had sufficient project information to meet the minimum criteria for the research
effort (see Figure 43). There was a fairly even distribution of projects that cut project scope
(“program”) from the project for some reason. Though enough details did not exist to determine
the degree of program cut included, in most cases the implied program cut was related to cost
growth. There were no indications of the program being cut for schedule control (see Figure
43). The high number of public projects also could explain the predisposition to program cutting
being related to cost. The public project teams seemed to be much more sensitive to cost over
program, though enough empirical data was not available to evaluate this statistically.
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Figure 43: Projects by Public or Private (C8) & Program Cut (C6)

Cut Program/Scope
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The majority of the projects were in states with high levels of certificate of need (CON)
complexity (see Figure 44). This indicates a high level of regulatory oversight involved for
justification of healthcare facility need. This should not be confused with the stringency of the
design or construction regulatory oversight, though in some states like California the two are
interrelated.
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29

12
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Medium

High

Figure 44: Projects by Certificate of Need (CON) (C3)

The regional categorization (Figure 45) provided challenges for analysis, and therefore,
there was a need to group the projects into larger regional categories as indicated in Figure 46.
This reduced the number of categories from 11 to five and provided a more even distribution of
the projects relative to this variable (C4 and C4grp).
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Figure 45: Projects by FEMA Region (C4)
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Figure 46: Projects by FEMA Region Groups (C4grp)

6.2

Statistical Analysis
Statistical analysis was performed on the project data set to test the hypothesis presented.

SPSS was the statistical analytics tool used to perform the related analysis. The following
describes the detailed results. While the information within this chapter inherently shows
methodology, the intent within this chapter is to show results. A more detailed explanation of
the methodology used can be found in Chapter 3.
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Various models were run to determine the relationship and potential interaction of the
IV to the DV and the impacts of identified control variables. The results presented in this
chapter are not an exhaustive list of all tests conducted, but are reflective of the effort, and the
significant results are presented.

Additionally, some related non-significant results are

presented if they add context to the conclusions reached by this research – examples
comparisons of significance versus non-significance identified. The R2 shown is the adjusted
R2 for the overall model. Significance would be identified by a p-value of 0.05 or less.
Common variable transforms used throughout the analysis were:
1. C3t that transformed C3 to a nominal (0 or 1) identifying whether the CON
complexity was high or not high.
2. C4t that transformed C4 to fewer categories combining central and west groups.
While the SPSS “best fit” analysis recommended three categories by including
projects outside the U.S. with central and west, that was done. While convenient for
statistical purposes, it would have degraded the intent of controlling for location
regardless of whether significance was found.

6.2.1

H1 Statistical Analysis – X1 to Y1 and Control Variables
Hypothesis 1 (H1) proposed that the more integrated the project delivery method, the

more likely the project is to have success relative to controlling cost. Y1 reflects the direct linear
relationship of negative to positive of cost differential on the project, while Y1 abs reflects the
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control of cost positive or negative (e.g. within +/- 1%, +/- 5%, +/- 10% control). The analysis
of covariance (ANCOVA) test approach was used for this evaluation.

Table 17: H1 Analyses results (X1 to Y1)
p-value
.000

R2
.11

IV
X1 cat

DV
Y1

CV

X1 cat
X1

Y1
Y1

C7
.000
C3t, C4t, .000
C7

.15
.17

X1

Y1

C3t, C7

.001

.12

X1

Y1

.19

X1

Y1

C3t, C4t .006
C7, C8,
C4t*C8
C7
.009

X1

Y1

C3t, C4t .010
C7, C8

.19

X1
X1 cat
X1

Y1
Y1 abs
Y1 abs

.074
.089
.303

.08

Notes

N=160

This addresses organizational relationship
between the owner, designer, and builder(s), but
not attributes of integration for the specific
project.
Same as  above.
C3t is C3 High or not only (0 or 1). NOTE: C3t β
= -5.85
C4t is C4 grouped by NE, SE, West/Central and
Outside U.S.
C3t is C3 High or not only (0 or 1).
NOTE: C3t β = -5.72
C3t is C3 High or not only (0 or 1).
C4t is C4 grouped by NE, SE, West/Central and
Outside U.S.
X1 β = -1.890
This suggests that for every unit increase in the
DOI a reduction of 1.9% in cost growth might
result when controlling for building size.
C3t is C3 High or not only (0 or 1).
NOTE: C3t β = -4.4
C4t is C4 grouped by NE, SE, West/Central and
Outside U.S.
Same as  above.

Based on the results identify the following statements relative to hypothesis can be
made:
1. For healthcare projects, the relationship of higher degrees of integration to reduce
cost growth is statistically significant, when controlling for contributing variables.
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2. Traditional categorical nomenclature is sufficient to demonstrate a significance
relative to cost growth on healthcare projects, if the project sample size is adequately
large. This does not necessarily indicate higher levels of team integration, rather
organizational groupings and sequence of acquiring or “buying” the design and
construction elements of the project.
The results of Table 17 indicate significance between X1 and Y1 only when controlling
for associated factors such as project size (C7), this accounts for only 8% of the variability (R2).
Adding additional control variables can increase the ability to better explain variance in the
model, but this also adds limitations to the viability of using categorical nomenclature. The β
is negative supporting the element of the hypothesis element that as the DOI increases the cost
growth decreases. This β = -1.890 suggests that for each unit increase in the DOI a potential
reduction of 1.9% in cost growth should result when controlling for building size.
From the results significance can be found for categorical classification of the delivery
method, however to increase the explanation of the variability the model can quickly run into
degree of freedom (df) challenges for observed strength of the overall model without sufficiently
larger sample sizes to allow for all the potential combinations across the various category
variables.

6.2.2

H2 Statistical Analysis – X1 to Y2 and Control Variables
Hypothesis 2 (H2) proposed that the more integrated the project delivery method, the

more likely the project is to have success relative to controlling schedule. Y2 reflects the direct
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linear relationship of negative to positive of cost differential on the project, while Y2 abs reflects
the control of cost positive or negative (e.g., within +/- 1%, +/- 5%, +/- 10% control). The
analysis of covariance (ANCOVA) test approach was used for this evaluation.

Table 18: H2 Analyses results (X1 to Y2)
IV
C6
X1

DV
Y2
Y2

X1
X1
X1 cat

Y2
Y2 abs
Y2

CV
C3t, C4t,
C6

p-value
.011
.989
.981
.892
.214

R2
.05

Notes

N=119

C6=0 β=-15.78, 𝑥𝑥̅ 0=15, 𝑥𝑥̅ 1=31

This addresses organizational relationship
between the owner, designer, and builder(s), but
not attributes of integration for the specific
project.

A “best fit” analysis was run to determine which control variables provide a higher R2.
C3t, C4t, and C6 were indicated to be the most likely candidates, so these were selected.
No significance was found between the degree of integration and schedule growth or
control. Therefore this hypothesis is not supported.
This could be in part due to the large number of public projects and the expressed focus
on controlling cost above most other factors, and less overall emphasis on schedule for those
same projects by the owner.
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6.2.3

H3 Statistical Analysis – X1, X2, X3 to Y1, Y2 and Control Variables
Hypothesis 3 (H3) proposed that the delivery methodology outweighs the impact of

procurement or contracting on cost and schedule (time) control. This was examined through
multiple tests of main effects and 2-way interactions of the variables. Since X1 was found to be
significant relative to Y1 when controlling for C7, the testing was focused with the inclusion of
C7. Eq. 11 and Eq. 12 illustrate the conceptual testing conducted using SPSS. The analysis of
covariance (ANCOVA) and test approach was used for this evaluation.
The evaluation was conducted both on the categorical classification of procurement and
contracting methods, X2 and X3 respectively, and a notional ordinal scale for procurement (see
Figure 6) and contracting methods (see Figure 15), X2 ord and X3 ord, respectively. It was not the
focus of this research to classify or develop a continuous metric for procurement or contracting,
however, the potential impact of a scaled measure of these methods on the analysis was
examined relative to the dependent variable. The premise of the procurement scale is based on
Beard’s (2001) continuum, and notionally has a spectrum from qualitative to quantitative
selection. The premise of the contracting scale is based on a spectrum that shifts financial risk
or liability from the seller to the buyer.
The underlying premise of this hypothesis is based on the concept of acquisition strategy
having an impact on controlling cost and schedule. The literature review identifies considerable
dialog on this subject, and industry effort in determining the appropriate acquisition strategy for
a project. As the components of the acquisition strategy are important and required for each
project execution, the question is formulated as “does the combination of the delivery,
procurement and contracting method have a significant impact on the cost and schedule growth
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for healthcare projects?” H1 demonstrates significance for X1 to Y1 when controlling for
variables, but how is that impacted by X2 and X3? The sample size was N=160 for Y1 and
N=119 for Y2. When evaluating using MANCOVA analysis, the sample set was the lesser of
the two for Y1 and Y2, N=119. Unless otherwise indicated, the results shown are using ANOVA
or ANCOVA analysis.

Table 19: H3 Analyses results (X1, X2, X3 to Y1, Y2)
p-value
.005

R2
.11

Notes

.112
.265
.019
.003

.04
.17

Y1

.000

.16

β=-3.93
C3t is C3 High or not only (0 or 1). NOTE: C3t
β = -18.47
C4t is C4 grouped by NE, SE, West/Central, and
Outside US. NOTE: “NE region” was the only
significant category (p=.029, R2=.04)
X2 ord β = -5.049
The following were significant:
Lump Sum (N=146, mean=5.0, β=31, p=.000,
R2=.11)
Cost Plus (N=4, mean=17.0, β=43, p=.000,
R2=.14)
GMP (N=8, mean=-5.4, β=21, p=.008, R2=.04)

Y1
Y2
Y2
Y1

.445
.606
.823
C3t, C6, .001
C7

X1,
Y1
X2, X3
X1,
Y2
X2, X3

.393

IV
X2

DV
Y1

X2 ord
X2
X2 ord
X2 ord

Y1
Y2
Y2
Y2

X3

X3 ord
X3
X3 ord
X3

CV

C3t, C4t

.000

Y1 N=160, Y2 N=119

Only “Negotiate Source Selection” showed
significance (N=4, mean = -17.97)

.40

Lump Sum (N=146, mean=5.0, β=26, p=.000,
R2=.10)
Cost Plus (N=4, mean=17.0, β=27, p=.001,
R2=.07)
GMP (N=8, mean=-5.4, β=22, p=.002, R2=.06)
C3t p=.009, β = -4.183, R2=.04
C6 p=.000, β = 10.68, R2=.25
C7 p=.001, β = .000, R2=.06
X1 p=.393, X2 p=.363, X3 p=.001

.12

X1 p=.000, X2 p=.001, X3 p=.199
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IV
DV
X1, X2 Y2

X1, X2 Y2

p-value
.000

R2
.11

.003

.10

C3t, C4t, .000
C4t*X2

.29

CV

ord

X1, X2 Y2

Notes

Y1 N=160, Y2 N=119

X1 p=.000, X2 p=.003
X1 β=23
X2 = Negotiated Source Selection
p=.043, mean=-42.5
X2 = Low Bid
p=.000, mean=66.8
X2 = Best Value
p=.012, mean=61.6
X1 p=.003, X2 p=.000
X1 β=12.446, X2 ord β= -9.905
X1 p=.000, X2 p=.002
X1 β=23

A “best fit” analysis was run to determine which control variables provide a higher R2.
X2t, C3t, C4t, C6, and C7 were indicated to be the most likely candidates, so these were selected.
X2t represents a transformation that has two categories: low bid and everything else.
Significance was found when looking at the acquisition strategy when combining X1,
X2, and X3 in the model relative to cost or schedule growth, and schedule control. Refer to
Table 19 for selected examples of statistical analysis results.
The relationship of X1 to Y1 and Y2 are detailed in 6.2.2 and 6.2.3 respectively. Table
19 identifies significance was found by IVs independent of X1 (refer to Table 17 and Table 18
for relation of X1 to Yi). This indicates that delivery method does not outweigh procurement
and contracting methods. There relevance in the dialog of a project’s acquisition strategy should
not be ignored when controlling for cost. The absence of significance of X1 or X1 cat to Y2, but
significance being identified by X2 to Y2 supports the need to look holistically at the acquisition
strategy of the project. As an example while X1 by itself did not yield a significant relationship
with Y2, however when X1 and X2 are included in a model together X1 now becomes significant.
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Because there is evidence of significance relative to the other IVs, this hypothesis is not
supported.
It is worth noting that no significance was found in this combined scenario when
evaluating X1 cat. X1 cat was not viable for evaluation with X2 due to a degree of free (df)
limitation, which highlights the inherent limitations of evaluation of delivery method using
categorical variables.
At the same time it is interesting, though not clear, that the inverted relationship of the
degree of integration (X1) β was positive implying increased integration had an increasing
impact on schedule (time) control when combined with X2. The model was assessed using the
interaction of X1*X2, but was not significant on any factors, so there was no insight gained to
help explain the possible positive β.
The analysis demonstrates the viability of the degree of integration (DOI, X1) metric
approach for evaluation of the delivery method, and its relation to project success factors.
Additionally it demonstrates the importance of the taxonomy of acquisition strategy, including
delivery, procurement and contracting methods. Chapter 7 provides a summary of the key
findings of the analysis conducted.
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Chapter 7
Summary of Results, Limitations, Recommendations, and Conclusion
This chapter provides a summary review, limitations of the research, recommendations
for future research, and conclusions.

7.1

Summary
The research provided three primary contributions to the body of knowledge: (1) the

use of a continuous metric for delivery methods (X1), (2) the building type examined is
healthcare facilities including medical research facilities (a facility type not substantially
represented in previous related research), and (3) it includes an examination of procurement and
contracting methods as independent variables (IV).
The need for a clear taxonomy of acquisition strategy was found during the preliminary
research, as there was considerable confusion of terms and blurring of methodology among the
AEC Industry. A clear taxonomy for acquisition strategy and the delineation of delivery,
procurement, and contracting methods was identified for use (see Figure 9: Taxonomy of
Terms). Key attributes representing the delivery methodology relative to the concept of
integration were identified, and used to derive the continuous variable for a degree of integration
(X1). The following defines the taxonomy for the methods of an acquisition strategy:
•

Delivery: Represents the organizational relationship of the key project members
and the sequence in which they are acquired/assembled. (see Section 2.3);
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•

Procurement: Represents the selection process used to acquire project members.
(see Section 2.4);

•

Contracting: Represents the risk allocation between the project team members.
The predominant relationship is between the buyer (typically an owner or
developer) and the seller (typically designers and builders). (see Section 2.5)

The project data set included data on healthcare facilities projects over a 10 year period
with a total usable sample set of 160 projects for evaluating cost growth, and 119 projects for
evaluating schedule growth. The degree of integration (DOI or X1) variable was developed
based on survey results from 48 industry experts with 10 or more years in the AEC Industry,
and 10 or more years in the healthcare sector of the AEC Industry.
Multiple relationships of the degree of integration (X1) were tested relative to the
dependent variables (DV), cost differential (Y1) and schedule differential (Y2), for significance.
Additionally the analysis included controlling for six variables potentially influencing the DV.
These control variables (CV) can be found in Table 5.
The analysis used statistical techniques to: (1) evaluate the relationship of the degree of
integration (X1) to cost and schedule growth (Yi); (2) procurement method (X2) to cost and
schedule growth (Yi); (3) contracting method (X3) to cost and schedule growth (Yi); and (4)
multiple combinations of the independent variables (degree of integration, procurement method,
and contracting method) and control variables (CVs) used in the research.
Project Integration is defined as the state in which a project facilitates, encourages,
rewards, and demonstrates the sharing of relevant knowledge among team members at the right
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time, reducing error and waste to achieve defined outcomes related to mutually understood
objectives. The degree of integration is the extent to which the project delivery methodology
utilized various elements of a fully integrated approach to achieve measured project success.
Three hypotheses were evaluated using the methodology in Chapter 3. Details of
analysis and results can be found in Chapter 6. The focus of the statistical analysis was first on
significance (p<.05), and secondly on adjusted R2 to identify how much of the differential (Y1
and Y2) variance could be explained by a specific statistically significant relationship identified.
Details of adjusted R2 values for each statistically significant relationship can be found in section
6.2.
H1: More integrated delivery methods yield a higher degree of healthcare facility
construction cost control. (Result = True, when combined with appropriate control variables)
•

Degree of Integration (X1) was found to have a significant relationship to reduced
cost growth (Y1) when controlling for various CVs.

H2: More integrated delivery methods yield a higher degree of healthcare facility
construction time (schedule) control. (Result = Not Supported)
•

No statistically significant relationship of degree of integration (X1) was found
to schedule growth (Y2) even with the inclusion of the various CVs (see Table
18).

•

Degree of integration (X1) was found to be significant relative to schedule growth
(Y2) when the model included procurement method (X2).
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H3: Delivery methodology significantly outweighs the impact of procurement and
contracting methods for controlling cost and time on healthcare construction projects. (Result
= Not Supported)
•

Procurement Method’s (X2) “Negotiated Source Selection” was found to have a
significant relationship to cost growth (Y1).

•

Procurement method (X2) as an ordinal value (X2

ord)

was found to have a

significant relationship to schedule growth (Y2), demonstrating potential
viability of the ordinal scale in Figure 6 evaluating procurement on a qualitative
to quantitative selection scale.
•

Contracting method (X3) was found to be significant relative to cost growth (Y1).
“Lump Sum” and “Cost Plus” both were more likely to increase project
construction costs over the life of the project, while GMP was more likely to
reduce project construction costs over the life of the project.

•

Contracting method (X3) was found to have a significant relationship to cost
growth (Y1) when controlling for Certificate of Need (CON) high complexity
(C3t) states, building size (C7), and whether or not program (project scope) was
cut (C6) explaining 40% of the variance (R2=.40), see Table 19 for details.

•

Delivery method as a categorical variable (X1 cat) was found to have a significant
relationship to cost growth (Y1) but not schedule growth (Y2) even when
combined with other independent variables (IVs) and control variables (CVs).

While assessing delivery as a categorical value was not a focus of the research it was
compared as part of the validation of X1. Several key results were observed. Delivery as a
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categorical value reflected organizational structure, but did not always represent the level of
integration present on the project. Using delivery as a categorical value limited the analysis
options available, and quickly ran into degree of freedom (df) issues. This was seen when trying
to analyze X1 cat and X2 and X3 relationships within a model relative to cost and schedule.
Evaluating delivery method as a categorical value also greatly increases the sample set required
to achieve significance (see Section 3.6). The problem will only be exacerbated as more
delivery methodology categories are introduced within the industry.
Assessing procurement and contracting as an ordinal value, X2 ord and X3 ord respectively,
was not the focus of this research effort. However, it was notionally considered to evaluate the
possible effects of such an approach in combination with the delivery method as a continuous
variable (X1). Significance using this concept was identified which demonstrates potential for
such an approach.

7.2

Limitations of the Current Study
While this research statistically confirmed the validity of delivery method through

degree of integration (DOI) as a continuous variable, continued scholarly replication is needed
to validate it across the AEC Industry as a whole. This research was limited to healthcare related
facilities, had a high concentration of public projects, and had a high concentration of projects
that cut project program (scope) to prevent cost overruns. Additionally, variables used within
the degree of integration calculation could be evaluated on a more granular basis to perhaps add
more differentiation between projects, using BIM, open book practices and incentives/penalties.

148
Since literature and the subject matter experts identified these as key elements of integration it
is expected that more granularity would help to further calibrate the DOI.
As with all research studies, there is the possible existence of additional third variables
having significant impact on the DVs. There are many factors involved in a project, and other
third variables might include characteristics associated with project team members (Franz et al.
2014).

7.3

Recommendations for Future Research
This effort introduced the concept of delivery as a continuous variable. Continued dialog

and refinement are expected to yield higher variance explanation (R2) values, thus explaining
more of the effects on project success outcomes. While assessing delivery as a function of
integration, there may be other key attributes that are of interest and would be more appropriate
to use for assessing those relationships. One such example might be team member relationships
(Franz et al. 2014) or prior experience. This might be combined into one continuous metric
with integration, or evaluated separately.
The potential value of evaluating procurement and contracting methods as an ordinal
variable was demonstrated in this research. The further development and validation of this
concept should be more formally evaluated, verifying or establishing a true ordinal scale.
Further evaluation relating to specific attributes defining procurement and contracting methods
would also potentially yield a continuous scale metric, which would be even more useful for
statistical analysis.
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7.4

Conclusions
The evaluation of acquisition strategies (delivery, procurement, and contracting

methods) to facility project success as categorical variables limits statistical analysis, drives high
sample set requirements, and does not always reflect the inferred characteristic trying to be
evaluated. This challenge will only increase as delivery methods continue to evolve throughout
the AEC Industry.
Delivery method evaluated as a degree of integration is a statistically viable alternative
for evaluating project success. The research demonstrated project significance of procurement
and contracting methods to cost and schedule growth independent of delivery method. The
research demonstrated a significant relationship between the degree of integration (X1) and
reduced project cost growth (Y1) when controlling for various related project characteristics
(Ci).
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Appendix A
Preliminary Research Questionnaire
The following pages present the preliminary questionnaire developed for use during the
preliminary survey conducted.
While the survey instrument was provided to prospective sources of project information,
no one actually filled out the form and returned it. It became a useful tool to assist the primary
researcher in collecting and organizing data on projects, and conducting interviews.
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Appendix B
Variable List & Definitions
The following is a list of the key variables used within the study and their description.
Variable

Description

C1

Cost: BCI Factor to bring the data to August 2014 dollars (5390/
Project BCI)
Cost: Area (Location) Cost Factor (RS Means)

C2
C3
C4
C5
C6

C7

Certificate of Need (CON) Complexity based on Conover and Sloan
(2003)
FEMA Region in which the project is located.
Occupancy classification for the building (hospital, business/MOB,
ambulatory care, etc.)
Did the project cut scope of project at some point? (true/yes) - Could
be for cost growth/control, schedule growth/control, financing issues,
etc.
Building gross square footage

C8

Is project public or private? Private indicate non-government, Public
would indicate governmental owner.

X1

Delivery Method Degree of Integration (see Eq. 3)

x'1

Did the project use an open book approach between key members?
(true/yes)
If Open Book Accounting among key team members was used is true =
1, false = 0
Procurement method used for the service types employed for this
project. (Contractor - GC)
Date Designer - Architect was brought on board represented as a
percentage of time from design start to actual substantial completion
Date Builder - CMGC was brought on board represented as a
percentage of time from design start to actual substantial completion
Date Builder - Electrical was brought on board represented as a
percentage of time from design start to actual substantial completion
Date Designer - Engineer was brought on board represented as a
percentage of time from design start to actual substantial completion

x'1
X2
x'2Arch
x'2CMGC
x'2Elec
x'2Engr
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Variable

Description

x'2Est

x'4

Date Estimator was brought on board represented as a percentage of
time from design start to actual substantial completion
Date Builder - Mechanical HVAC was brought on board represented as
a percentage of time from design start to actual substantial completion
Date Medical Equipment Planner was brought on board represented as
a percentage of time from design start to actual substantial completion
Date owner was brought on board represented as a percentage of time
from design start to actual substantial completion
Date Staff was brought on board represented as a percentage of time
from design start to actual substantial completion
Contracting method used for the service types employed for this
project. (Contractor - GC)
Date Cx was brought on board represented as a percentage of time from
design start to actual substantial completion
If BIM used is true = 1, false = 0

x'5

If Shared Incentives were used is true = 1, false = 0

x'6

If Shared Penalties were used is true = 1, false = 0

y1

Cost: Total Construction costs final cost (Research)

Y1

Cost: Difference between planned cost and actual cost, as a percentage
(positive is over and negative is under)
Cost: Total Construction costs at contract award (Research)

x'2HVAC
x'2MedEquip
x'2Owner
x'2Staff
X3
x'3

y2
Y2

y'3
y''3
y'''3
ydsgn

Project Schedule: Difference between planned substantial completion
and actual substantial completion, as a percentage (positive is over and
negative is under)
Project Schedule: Project Construction start date (Actual)
Project Schedule: Project Construction End Date (Substantial
completion) (Actual)
Project Schedule: Project Construction End Date (Substantial
completion)
Project Schedule: Project design notice to proceed (design start)

178
Appendix C
Additional Statistical Analysis Results
The following is lists of additional statistical analysis performed during the study, but
not yielding statistical significant results or were a step of the backward sequential selection
process. The p-value represents the statistical significance of the IV to the DV. The p-value for
the respective control variables (CV) is listed only if p<0.05.
IV
X1

DV
Y1

X1

Y1

X1

Y1

X1

Y1

X1

Y1

X1

Y1

CV
p-value Notes
C3, C3*X1
.720
Used as part of the backward sequential selection
process to identify mostly likely control variables.
C4, C4*X1
.114
Used as part of the backward sequential selection
process to identify mostly likely control variables.
C5, C5*X1
.464
Used as part of the backward sequential selection
process to identify mostly likely control variables.
C6, C6*X1
.283
Used as part of the backward sequential selection
process to identify mostly likely control variables.
C7, C7*X1
.034
Used as part of the backward sequential selection
process to identify mostly likely control variables.
C8, C8*X1
.044
Used as part of the backward sequential selection
process to identify mostly likely control variables.
C8*X1 = .031

X2

Y1

C3, C3*X2

.142

X2

Y1

C4, C4*X2

.003

X2

Y1

C5, C5*X2

.808

X2

Y1

C6, C6*X2

.000

X2

Y1

C7, C7*X2

.134

X2

Y1

C8, C8*X2

.016

X3

Y1

C3, C3*X3

.065

Used as part of the backward sequential selection
process to identify mostly likely control variables.
Used as part of the backward sequential selection
process to identify mostly likely control variables.
Used as part of the backward sequential selection
process to identify mostly likely control variables.
Used as part of the backward sequential selection
process to identify mostly likely control variables.
C6 = .000

Used as part of the backward sequential selection
process to identify mostly likely control variables.
Used as part of the backward sequential selection
process to identify mostly likely control variables.
C8 = .005

Used as part of the backward sequential selection
process to identify mostly likely control variables.
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IV
X3

DV
Y1

X3

Y1

X3

Y1

CV
p-value Notes
C4, C4*X3
.000
Used as part of the backward sequential selection
process to identify mostly likely control variables.
C5, C5*X3
.353
Used as part of the backward sequential selection
process to identify mostly likely control variables.
C6, C6*X3
.009
Used as part of the backward sequential selection
process to identify mostly likely control variables.
C6 = .003

X3

Y1

C7, C7*X3

.080

X3

Y1

C8, C8*X3

.000

X1

Y2

C3, C3*X1

.017

X1

Y2

C4, C4*X1

.039

X1

Y2

C5, C5*X1

.593

X1

Y2

C6, C6*X1

.979

X1

Y2

C7, C7*X1

.811

X1

Y2

C8, C8*X1

.724

X2

Y2

C3, C3*X2

.002

Used as part of the backward sequential selection
process to identify mostly likely control variables.
Used as part of the backward sequential selection
process to identify mostly likely control variables.
Used as part of the backward sequential selection
process to identify mostly likely control variables.
C3 = .009, C3*X1 = .017

Used as part of the backward sequential selection
process to identify mostly likely control variables.
Used as part of the backward sequential selection
process to identify mostly likely control variables.
Used as part of the backward sequential selection
process to identify mostly likely control variables.
Used as part of the backward sequential selection
process to identify mostly likely control variables.
Used as part of the backward sequential selection
process to identify mostly likely control variables.
Used as part of the backward sequential selection
process to identify mostly likely control variables.
C3*X2 = .013

X2

Y2

C3t,
C3t*X2

.002

Used as part of the backward sequential selection
process to identify mostly likely control variables.
C3t = .042, C3t*X2 = .002

X2

Y2

C4, C4*X2

.831

X2

Y2

.172

X2

Y2

C4t,
C4t*X2
C5, C5*X2

X2

Y2

C6, C6*X2

.308

X2

Y2

C7, C7*X2

.397

X2

Y2

C8, C8*X2

.337

.628

Used as part of the backward sequential selection
process to identify mostly likely control variables.
Used as part of the backward sequential selection
process to identify mostly likely control variables.
Used as part of the backward sequential selection
process to identify mostly likely control variables.
Used as part of the backward sequential selection
process to identify mostly likely control variables.
Used as part of the backward sequential selection
process to identify mostly likely control variables.
Used as part of the backward sequential selection
process to identify mostly likely control variables.
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IV
X3

DV
Y2

X3

Y2

X3

Y2

X3

Y2

X3

Y2

X3

Y2

x'2engr
x'2CMGC
x'2HVAC
x'2elec
x'2staff
x'2est
x'2medequip
x'3
x'4
x'6
x'2engr
x'2CMGC
x'2HVAC
x'2elec
x'2staff
x'2est
x'2medequip
x'3
x'4
x'6
X1

Y1
Y1
Y1
Y1
Y1
Y1
Y1
Y1
Y1
Y1
Y2
Y2
Y2
Y2
Y2
Y2
Y2
Y2
Y2
Y2
Y1

CV
p-value Notes
C3, C3*X1
.939
Used as part of the backward sequential selection
process to identify mostly likely control variables.
C4, C4*X3
.613
Used as part of the backward sequential selection
process to identify mostly likely control variables.
C5, C5*X3
.448
Used as part of the backward sequential selection
process to identify mostly likely control variables.
C6, C6*X3
.685
Used as part of the backward sequential selection
process to identify mostly likely control variables.
C7, C7*X3
.791
Used as part of the backward sequential selection
process to identify mostly likely control variables.
C8, C8*X3
.776
Used as part of the backward sequential selection
process to identify mostly likely control variables.
.692
.272
.326
.353
.190
.211
.667
.845
.247
β = -14.56, R2=.08
.000
.224
.141
.368
.394
β = 203.2, R2=.10
.000
.323
.208
β = 58.5, R2=.04
.025
.594
.317
x'6,
.800
x'6*X1

Appendix D
Integration Metric Questionnaire
The following pages contain images from the web-based questionnaire used for the
Integration Metric Survey. The survey was administered through the SurveyMonkey.com®
website.
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