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The purpose of this study is to examine the adoption of sustainable building
practices and understand stakeholder relationships that may influence the adoption of
sustainable building practices. The study proposes a conceptual framework based on
an extensive review of literature in the following areas: 1) the nature of construction
practice and particular challenges for sustainability, 2) stakeholder interactions and
information flows in construction projects, and 3) diffusion of innovation in the
building context. A set of factors that may influence the adoption of sustainable
building practices by stakeholders in construction projects are included in this
conceptual framework. The study then tests some key components of the framework
using empirical data, to shed new light on the mechanism of achieving sustainable
building practices.
This study includes buildings that both have and have not adopted sustainable
building practices (Leadership in Energy and Environmental Design and Energy Star
certifications) in the New York metropolitan area, and identifies organizations
involved in projects in order to understand the trajectory of the adoption process and
the diffusion among project stakeholders. Findings indicate that stakeholders’ previous
exposure to sustainable practices increased the likelihood of projects adopting
sustainable practices; and having an architect and a general contractor who had

worked on sustainable building practices increased the likelihood of adopting
sustainable building programs. On the other hand, stakeholders’ previous work
collaboration is not associated with the adoption of sustainable building practices and
it may not necessarily strengthen the relationships among stakeholders. The study
makes theoretical, methodological, and practical contributions. The proposed
conceptual framework integrates theories in diffusion of innovation and stakeholder
theories in the building industry to understand the elements of the adoption process of
new practices for better sustainability outcomes. The methodology developed to utilize
multiple secondary datasets contribute to future research methods by enabling the
accumulation of knowledge. It is important to point out that the small sample size
included in the data analysis limits the internal and external validities of the findings
above. Therefore, it is hard to claim these findings without further research, which is
suggested at the end of this study.

BIOGRAPHICAL SKETCH
Eunhwa Yang was born in Seoul, Korea, and received her Bachelor’s degree in
architectural engineering and Master’s degree in building construction and integrated
facility management. She feels fortunate to have received a great education both in
Korea and in the U.S. and been able to meet other scholars and researchers. She
worked as a construction manager in Korea after attending a college. As she completes
her doctoral degree, she will pursue her career in academia. She loves teaching and
research and believes that she can add some value to higher education and to the body
of knowledge.

v

To my father and mother, with love

vi

ACKNOWLEDGMENTS
I feel fortunate to have wonderful people who have helped me to stand where I
am now. I am grateful to have met many people through my Ph.D. program in Design
and Environmental Analysis (DEA). Not only did this make it possible for me to be
intellectually connected, but also these people have taught me how to be patient and
resilient through a long process.
First of all, I would like to thank my chair, Dr. Ying Hua, for her enormous
support and encouragement throughout the whole Ph.D. program. It would not have
been possible to complete my Ph.D. program without her guidance. I still remember
that she told me that the purpose of a Ph.D. program is to help a student become an
independent researcher. With her patience and kind guidance, I was able to learn how
to be more independent and use this new independence as a result of this program.
Second, I would like to thank to my minor committee members, Dr. Brian
Rubineau and Dr. Thomas DiCiccio. It was a pleasure to learn about other disciplines
such as organizational behavior and statistics, which influenced this dissertation and
are likely to affect my future research directions. I am thankful for their support and
encouragement.
Third, I thank Dr. Nancy Wells for her guidance in research, teaching, and
graduate life. I learned a lot from her passion and diligence as a researcher and in
many other ways. I am grateful to have known her during my Ph.D program at
Cornell.
Fourth, I thank my parents in Korea for their support and patience. Your
patience and trust in my strength always encourages me. It would not have been
possible for me to finish the program without your mental and emotional support.

vii

Fifth, I thank other DEA Ph.D. students: Susan Sung Eun Chung, Kimberly
Rollings, Elizabeth Myers, Han Zhang, Uchita Vaid, Giyoung Park, and Kristin
Aldred Cheek.
Sixth, I thank my dear and loving friends: Joshua Kim, Jihyun Kim, Eunjeong
Oh, and Seungyeon Lee for their emotional support.
Lastly, I thank the Department of Design and Environmental Analysis, the
College of Human Ecology, and the Human Ecology Alumni Association for their
financial support.

viii

TABLE OF CONTENTS
Biographical Sketch......................................................................................................v
Dedication.....................................................................................................................vi
Acknowledgements.....................................................................................................vii
Table of Contents.........................................................................................................ix
List of Figures..............................................................................................................xii
List of Tables..............................................................................................................xiii
Chapter 1: Introduction
1.1. Research background and research questions..............................................1
1.2. Chapter overview.........................................................................................2
Chapter 2: Literature review and a conceptual framework for innovative
building practices
2.1. Introduction..................................................................................................4
2.2. Nature of construction practices..................................................................5
2.3. Stakeholder analysis....................................................................................8
2.4. Information flow.........................................................................................11
2.5. Diffusion of innovative building practices.................................................12
2.5.1. Overview of diffusion of innovation...........................................13
2.5.2. Diffusion of innovative building practices..................................16
2.6. Proposed conceptual framework for diffusion of innovation in the building
context...................................................................................................22
Chapter 3: Sustainable building practices and research hypotheses
3.1. Introduction................................................................................................26
3.2. Challenges for sustainability......................................................................27

ix

TABLE OF CONTENTS (continued)
3.3. Diffusion of Leadership in Energy and Environmental Design (LEED) and
Energy Star
3.3.1. Leadership in Energy and Environmental Design (LEED)........33
3.3.2. Energy Star for buildings............................................................35
3.3.3. Diffusion of LEED and Energy Star certified buildings.............36
3.4. Project delivery systems and sustainable practices....................................43
3.5. Proposed conceptual framework for diffusion of sustainable building
practices................................................................................................44
3.6. Research questions and hypotheses...........................................................46
Chapter 4: Method
4.1. Introduction................................................................................................51
4.2. Justification for the paradigm and methodology........................................52
4.3. Outline of the research process..................................................................53
4.4. Research Design.........................................................................................53
4.5. Sample (building projects).........................................................................56
4.6. Participants (companies, survey respondents).......................................... 57
4.7. Survey........................................................................................................58
4.8. Procedure...................................................................................................59
4.9. Ethical considerations................................................................................60
Chapter 5: Results
5.1. Introduction................................................................................................61
5.2. Analysis procedure.....................................................................................61
5.3. Analysis of the compiled data
5.3.1. Descriptive statistics...................................................................62
5.3.2. Inferential statistics.....................................................................71

x

TABLE OF CONTENTS (continued)
5.4. Cases from the survey................................................................................81
Chapter 6: Discussion
6.1. Introduction................................................................................................88
6.2. Summary and discussion of the results.......................................................89
6.3. Evaluation of the method............................................................................94
6.4. Implications................................................................................................97
6.5. Limitations................................................................................................100
6.6. Future research.........................................................................................105
6.7. Conclusion................................................................................................107
Appendices
Appendix A. Survey instrument......................................................................110
Appendix B. Analysis of the compiled data....................................................115
References..................................................................................................................133

xi

LIST OF FIGURES
Figure 1. Stakeholder mapping: power by predictability & power by interest
Figure 2. Leadership, team climate & organizational culture toward innovation
Figure 3. Conceptual framework for diffusion of innovation in the building sector
Figure 4. Building life cycle and stakeholders
Figure 5. Circle of blame
Figure 6. LEED certified office buildings in the New York metropolitan area
Figure 7. Energy Star certified office buildings in the New York metropolitan area
Figure 8. Total gross square footage of LEED certified office buildings in the New
York metropolitan area
Figure 9. Total gross square footage of Energy Star certified office buildings in the
New York metropolitan area
Figure 10. Areas of practice of LEED credential holders in the state of New York
Figure 11. Areas of practice of licensed professionals working on Energy Star certified
buildings in the state of New York
Figure 12. Conceptual framework for sustainable innovation in a building project
Figure 13. ROC curve for the Energy Star model with an architect’s exposure to
Energy Star
Figure 14. ROC curve for green building standards model with an architect’s exposure
to green building standards
Figure 15. ROC curve for green building standards model with a general contractor’s
exposure to green building standards
Figure 16. Conceptual framework for sustainable innovation, factors highlighted

xii

LIST OF TABLES
Table 1. Summary of diffusion processes and factors
Table 2. Research processes and steps
Table 3. Variables and variable description
Table 4. Contingency Table of LEED certified buildings by the number of
stakeholders with previous LEED exposure
Table 5. Table 6. Test statistics of LEED certified buildings by the number of
stakeholders with previous LEED exposure
Table 6. Contingency Table of Energy Star certified buildings by the number of
stakeholders with previous Energy Star exposure
Table 7. Test statistics of Energy Star certified buildings by the number of
stakeholders with previous Energy Star exposure
Table 8. Contingency Table of certified green buildings by the number of stakeholders
exposed to green building programs
Table 9. Test statistics of certified green buildings by the number of stakeholders
exposed to green building programs
Table 10. Frequency table for LEED and stakeholders’ previous collaboration and
exposure to LEED
Table 11. Frequency table for Energy Star and stakeholders’ previous collaboration
and exposure to Energy Star
Table 12. Frequency table for certified green buildings and stakeholders’ previous
collaboration and exposure to green building programs
Table 13. A summary of contingency analysis of LEED certified buildings by various
factors
Table 14. A summary of contingency analysis of Energy Star certified buildings by
various factors
xiii

LIST OF TABLES (continued)
Table 15. A summary of contingency analysis of green certified buildings by various
factors
Table 16. Logistic regression analysis of 160 building projects for achieving Energy
Star
Table 17. Logistic regression analysis of 160 building projects for achieving green
building certifications (either LEED or Energy Star)
Table 18. Logistic regression analysis of 60 building projects for achieving green
building certifications (either LEED or Energy Star)
Table 19. Summary of cases from the survey

xiv

CHAPTER 1
INTRODUCTION
1.1 Research Background and Research Questions
According to the U.S. Energy Information Administration (EIA), commercial
buildings consumed a total of 18 quadrillion Btu in 2014 including delivered energy
and electricity related losses, which is equivalent to 19 percent of total energy use in
the U.S. Although sustainable building practices have been adopted over the past
decade, the diffusion of sustainable practices is still sluggish and (frequently) debated
(Hoffman & Henn, 2008; Lockwood, 2007; Russell, 2007; Wilson & Yost, 2001).
Recently, non-technological aspects such as social inertia, stakeholder engagement,
and integration of project management have been emphasized to increase the adoption
of sustainable building practices (Hoffman & Henn, 2008; Harty, 2008). The network
of numerous stakeholders who are involved in building projects can influence the
process of adopting sustainable building practices, and the (increasing) complexity of
construction projects requires more integrated collaboration to adopt new practices.
This dissertation aims to 1) develop a conceptual framework with a set of
factors that may influence the adoption of sustainable building practices and 2) test
relationships of some of these factors and the project outcome regarding sustainability.
The theoretical foundation of the framework is the following research fields: diffusion
of innovation, construction project management, and stakeholder management. The
framework includes four key parts: characteristics of stakeholders/inter-stakeholder
relationships, types of innovation, context of projects, and project outcome.
The relationships among factors in the framework tested in this study included:
the relationship between characteristics of stakeholders (e.g., stakeholders’ previous
exposure to sustainable building practices) and the achievement of sustainable
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building certifications, and the relationship between inter-stakeholder relationships
(e.g., previous work collaboration) and sustainable building certifications.
This study aims to answer the following questions: 1) Can stakeholders who
have had experience with sustainable building practices before the completion of (or
before working on) the current project influence the adoption of sustainable building
practices? 2) Does the magnitude of the impacts of stakeholders’ previous exposure to
sustainable building practices differ by the role of stakeholders? and 3) Does previous
work collaboration between stakeholders increase the adoption of sustainable building
practices? Hypotheses are developed based on these research questions and tested with
multiple datasets of commercial office building and stakeholder information gathered
in the New York metropolitan area.

1.2 Chapter Overview
This dissertation consists of 6 chapters, starting with the introduction. In
Chapter 2, a literature review of the nature of construction practices, stakeholder
analysis, information flow, and the diffusion of innovative building practices is
reported, and at the end of the chapter, the framework for innovative building practices
is proposed based on the literature. Organizational factors, e.g., types and roles of
stakeholder and the project team climate for innovation, are highlighted in this
framework.
Chapter 3 reviews the literature that discusses the challenges of sustainability
in the building industry, and the use of sustainable building rating systems such as
Leadership in Energy and Environmental Design (LEED) and Energy Star. The
chapter concludes with simplifying the conceptual framework that is proposed in
Chapter 2 to lead to relevant research questions and hypotheses that this study
investigates.
2

Chapter 4 describes the research methodology used in the study. The methods
includes two steps. The first step was to obtain secondary datasets from different
sources: a private database company, city building permit records, a non-profit
organization, and U.S. federal government agency. The second step was to collect
information directly from stakeholders that worked on projects in the database. The
regional interest was limited to the New York metropolitan area. The first step
generated more statistical power than the second step because of the smaller sample
size in the second step. However, the data from the second step includes richer
information about each project in the dataset.
Chapter 5 presents the procedure of data analysis and the results. The analysis
procedure of the compiled secondary data set was designed to 1) create indicators for
stakeholders’ previous work collaboration and stakeholders’ previous exposure with
sustainable building practices, and 2) perform contingency analysis and logistic
analysis with binary response variables. The analysis reveals a positive relationship
between having an architect and/or a general contractor who had had previous
exposure with sustainable building practice and the project’s achievement of one or
more sustainable building certifications. The analysis also showed, however, that
stakeholders’ previous work collaboration had no significant impact on achieving
sustainable building certifications.
Lastly, Chapter 6 discusses that how the approach and findings of this study
can be connected to the existing literature and the proposed theoretical framework. It
also discusses the theoretical, methodological, and practical contributions of this
study. The chapter concludes by identifying the limitations of the study and suggesting
future research directions.
In this study, the terms, ‘green’ and ‘sustainability’ are used interchangeably
(i.e., green building practices, sustainable building practices).
3

CHAPTER 2
LITERATURE REVIEW AND A CONCPETUAL FRAMEWORK FOR
INNOVATIVE BUILDING PRACTICES
2.1 Introduction
Chapter 2 and 3 together provide a review of the structure of stakeholders in
building projects and their adoption of sustainable practices. It does so in three steps:
1) a description of the nature of construction practices and the challenges for
sustainability, 2) a review of stakeholder interactions and information flow in building
projects, and 3) a discussion of the diffusion of innovation in the building context for
improving sustainability. Specifically, this chapter reviews literature on the nature of
construction projects and analyzes the stakeholder relationships and information flow.
It then looks at the effect that the relationship of the characteristics of construction,
combined with the interaction between stakeholders, has on the diffusion of
construction innovation. The chapter then applied various aspects of innovation theory
to assess the influence of the characteristics and stakeholders on the adoption of
innovations in the construction industry over the last two decades. The adoption of
different theoretical frameworks and models of construction innovations is based on
the particular characteristics of the construction work being analyzed, including the
types and modes of innovations, the “players” involved in the projects, and other
influences.
Recently, researchers have adopted some new perspectives and approaches
such as socio-psychological perspectives, sociology of technology approaches, and
actor-network theory, to understand the adoption of innovation in the construction
industry. Some models have been empirically tested with specific technological and
non-technological innovations in architectural and engineering design firms. The goal
of this study is to explore how sustainable innovations in the building sector can be
4

understood through innovation theories. Previously proposed conceptual frameworks
and theoretical models are critically reviewed; empirical studies are synthesized to
study the consistencies or inconsistencies in the literature. As a result, this chapter
identifies the commonalities and dissimilarities of the suggested models of
construction innovation and discusses how different models supplement each other
and can be integrated. At the end of this chapter, the conceptual framework for the
adoption of construction innovation was proposed and this framework is further
simplified in the chapter 3 for the adoption of sustainable building practices.

2.2 Nature of Construction Practices
The inherent complexity of construction projects, mainly stemming from the
involvement of multi-disciplinary players, discourages behavioral changes to adopt
new practices and solutions in construction projects. This section reviews the nature of
construction projects to understand what behavioral changes are necessary to achieve
sustainability in the building sector. A review of the literature reveals that construction
projects are characterized by complex, fragmented, highly transient human systems
that depend on social interaction and adversarial cultures. Thus, the nature of a
construction project can be categorized into its technological and organizational
complexity and its temporal and relational fragmentation. These four categories have
some overlap and its complex nature may contribute to its fragmented relationships
among actors/stakeholders.
In its most general sense, complexity implies interconnectedness among
elements or parts. Complexity in a project is related to technology and actors (or
organizations). The concept of project complexity is categorized into technological
complexity and organizational complexity (Baccarini, 1996). First, technological
complexity has been shown to dramatically increase in situations where an increase in
5

the size and density of the site of a building project is combined with the
implementation of informational technology and an advanced building system, such as
an HVAC (Heating, Ventilating and Air Conditioning) control system (Baccarini,
1996). Such technological complexity results in an increased number of different
tasks along with an increased number of specialists such as special consulting
agencies, subcontractors, or trades. Moreover, technological complexity often
incorporates interdependencies between tasks, within a network of tasks, and between
different technologies (Baccarini, 1996; Bertelsen, 2003).
Second, organizational complexity involves a number of sub-organizations and
occupational specializations and their mutual dependence upon each other (Baccarini,
1996). This organizational interconnectedness, which leads to project complexity, is
due to three types of interdependence: 1) interdependence among tasks originating
from different parts of construction work flow; 2) operational interdependence among
a number of technologies in a project; and 3) the interdependence among them, the
rigidity of sequences between the operations, and the overlap of phases or parts of the
project (Gidado, 1996). Therefore, the sources of complexity in construction are the
resources employed, the surrounding environment, the level of scientific knowledge
required, and the number and interaction of different parts of workflow (Gidado,
1996). These interactions and processes of the project are non-linear and part of a
parallel, dynamic, multi-organizational, non-cohesive structure, which makes it
difficult to map the supply chain in a construction project (Laufer, Shapira & Telem,
2008; Bertelsen, 2003). The success factors of project management under these
conditions depend on how the people and organizational systems involved create
personal connections and trusting relationships (Munns, 1995). However, different
cultures among stakeholders can create conflict when the differences are not mutually
understood: architects are informal, have a relatively individualistic focus, and have a
6

high tolerance for ambiguity, while contactors are formal, have collective focus, and
have low tolerance for ambiguity (Ankrah & Langford, 2005).
Third, stages of the building life cycle; development, design, construction,
operation/maintenance, renovation, and disposal, have different stakeholders involved
and require specific expertise and knowledge on each stage. Thus, different types of
works involved in construction projects are mostly divided into parts with subcontracting systems, which means that many organizations are involved in various
stages of the building projects (Bertelsen, 2003). Moreover, different stakeholders
usually join a project at specific stages of the building life cycle; the conflicting timing
of their involvement may generate temporal fragmentation.
Lastly, stakeholders often have fragmented, market-based relationships each
other. The organizations involved in a project usually work on more than one project
at the same time while utilizing the same production capacity. This interwoven nature
is related not only to the production capability but also to the participants’ loyalty,
which is unequally divided between their firms and the job at hand, higher priority
being given to the firm (Bertelsen, 2003). Moreover, interaction between independent
organizations is mostly short-term, lasting only during the project period, and the
relationship between the parties is market-based (Gann, 1996). A market-based
relationship leads the parties to perceive that competitive tendering guarantees the
lowest possible cost for subcontracting, which establishes a norm for the parties’
behavior of paying little attention to the relational elements of business transactions
(Cox & Thompson, 1997). Additionally, the procurement of a hierarchy among
stakeholders, particularly in office building development, gives significant power to
the final decision-making authorities, who are usually (the) developers, owners, and
investors/capital providers.

7

In sum, as it is inevitable for building projects to have multiple organizations,
teams, and individuals with diverse disciplines, building projects are complicated,
technologically and organizationally. And often times, project coordination is local
rather than centralized. Nonetheless, building projects have a non-cohesive structure.
The temporary character of a project, as well as the fact that participants are not hired
and reimbursed by the place where they work, results in a highly transient social
system (Bertelsen, 2003).

2.3 Stakeholder Analysis
As is shown in the discussion of the nature of construction, strong stakeholder
relationships among major stakeholders such as developers, owners, architects, and
general contractors (or construction managers) are very important in successful
building projects without time delays or cost overruns (Yang, Shen, & Ho, 2009;
Wong & Cheung, 2005). The involvement of many organizations in a project makes a
construction project a complex process of social interaction, where organizations
influence and are influenced by on-going collective interpretations of the project’s
purpose and the expectation of collaborative work, which requires trust, cooperation,
confidence, and control (Cicmil & Marshall, 2005).
Stakeholder theory has been applied to analyze stakeholder relationships in the
building industry, where stakeholder approach is about understanding attributes of
groups and individuals that can affect organization’s success and managing the groups
and individuals accordingly (Freeman, 1984). A stakeholder analysis in the Swindon
redevelopment project in the UK showed a matrix of power by predictability,
especially at an early stage in the development project when the local authorities had
approved the project and a contractor had just been appointed (Newcombe, 2003).
Contractors are predictable because they build what is designed and they look for
8

future business opportunities with the developer, but they have low power because
they contract only at the stage of the project, whereas potential users for commercial
facilities are unpredictable but powerful because they can withdraw from the project
(Newcombe, 2003). Because the design team determines the appearance and shape of
the building, they are powerful yet unpredictable at this early stage of the development
project before the detailed design plan has been finalized (Newcombe, 2003).
Stakeholders in the building sector can also be analyzed by how they achieve a
competitive advantage in areas such as price, quality, and specialization/diversification
(Pries & Janszen, 1995). For instance, general contractors are more diversified in
terms of market and technology, while specialized contractors pursue specialization,
although both provide capacity and competitive price (Pries & Janszen, 1995). Product
companies provide products and quality-oriented competition, but they can specialize
in specific markets and technology or diversify into broader markets and technology
(Pries & Janszen, 1995).

High

Power

Low

Predictability

Level of Interest

Low

High

Low

High

General public
Unpredictable but
manageable

Contactor &
Local authority
Few problems

General public
Minimal effort

Contractor &
Local authority
Keep informed

Design team &
Users
Greatest danger or
opportunities

Developer
Powerful but
predictable

Developer
Keep satisfied

Designers &
Users
Key players

Figure 1. Stakeholder mapping: power by predictability & power by interest
(Newcombe, 2003)

This dyadic analysis, showing a relationship between two stakeholders, seems
to be limited regarding how well it can illuminate the concept of proximity. In other
words, the analysis may not capture the interrelationships among multiple stakeholders
as a whole united system, focusing instead on only the direct contact. A better
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understanding of multiple stakeholders’ interrelationships in the building industry
might be more likely to come from other dimensions of stakeholder concerns, such as
contractual obligations, advising relationships, and the way that the decision making
of other parties is supported.
In the diffusion process in the building sector, conflicts occur because of the
locus of objectives: “macro” such as societal and/or governmental versus “micro” such
as private and/or individual (McCrary & Hwang, 2005; Rogers, 2003). Such macro
versus micro objectives are relevant to the distinction between “external” and
“internal” stakeholders in building projects, with external stakeholders referring to
those whose interests are not often included in the process but are influenced by or can
influence stakeholder networks and internal stakeholders often referring to private
companies or individuals who directly influence decision-making in a project and
(may) focus mainly on economic interests such as profit maximization, maximization
of stakeholder value, and their (own) corporate images (Friedman & Miles, 2006).
Internal stakeholders in a building project are usually developers, owners, architects,
general contractors, construction managers, and sub-contractors. The question of
whether sustainability can be a focal point is unclear because internal stakeholders are
interested in profits and financial issues, and they also consider their company’s image
and corporate social responsibility by embracing sustainable practices and by taking
social and environmental responsibility. For internal stakeholders, financial profit is
highly likely to be their prior concerns when they see less clear outcomes by the nature
of business. However, both the tendency to embrace sustainability and the level of
engagement in sustainability increase as companies become more involved in
sustainable building projects (Lützkendorf, Fan, & Lorenz, 2011). This implies that
companies’ previous exposure to sustainable building projects has a positive
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association with their decisions in terms of sustainability. However, this association
and its moderating effect on the role of the stakeholders need to be empirically tested.

2.4 Information Flow
As the complexity of a project increases with the number of stakeholders
involved in the project, information flow among stakeholders is critical for smooth
transient tasks among the different stakeholders. For instance, designers and engineers
need to solve problems together by communicating and sharing information.
Contractors allocate work to sub-contractors, manage them, and hand over information
to facility managers. However, the difficulties in measuring the volume, rate, and
effectiveness of information flow have led to limited studies in the field. Tribelsky and
Sacks (2010) have developed a set of indices to measure the information flow in the
detailed design stage when construction documents are prepared: 1) action rate, where
action includes viewing, loading, presenting, deleting, updating, and attaching; 2)
package size, which indicates the accumulation of new information; 3) work in
process, which means unused information inventory; 4) batch size, which is the
volume of information transferred in a single short pulse; 5) development velocity,
which is the rate of publication of information details; 6) bottleneck indicator, as a
combination of work in process and development velocity; and 7) rework, which is the
proportion of information changed. They observed a bottleneck in the information
flow where information is withheld or not provided by a particular designer (Tribelsky
& Sacks, 2010). The indices developed to identify the flow and bottleneck of
information focus mostly on technological information. The indices developed to
identify the flow and bottlenecks of information have focused mostly on technological
information.
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On the other hand, a practice-based view of knowledge values experiential
knowledge that is hard to deliver (Bresnen, Goussevskaia & Swan, 2005). This is
because implementing new practices is a social accomplishment that is related to
power and influence rather than a simple technical change (Bresnen et al., 2005).
Embedded ties among stakeholders make it easy to exchange complex information
such as experiential knowledge and know-how (Uzzi, 1997). The embedded ties are
long-term cooperation rather than short-term, and enable stakeholders to create
economic opportunities that cannot be obtained through market, contract, or vertical
integration, while actors in arm’s-length ties switch their partners to avoid dependence
and make good use of the opportunities offered by new entrants (Uzzi, 1997). Trust,
fine-grained information, and joint problem-solving arrangements are the components
of embedded ties among stakeholders (Uzzi, 1997). Developing such relationships
among stakeholders in the building sector can be challenging because of the temporary
nature of collaboration for a project and the type of project delivery method, such as
design-bid-build, which is based on price competition.

2.5 Diffusion of Innovative Building Practices
The building industry is often viewed as lagging behind manufacturing sectors
such as the automotive industry in that manufacturing sectors have an inherent ability
to innovate new ways of working, but that the building industry seems to be unable to
adopt innovations from other areas (Harty, 2008). This backwardness of the building
industry has been addressed by many studies (Woudhaysen & Abley, 2004; Nicolini,
Holti & Smalley, 2001; Gann & Salter, 2000; Winch, 1998). Decentralized projectbased organizations, such as those in the building sector, rely on expert project
managers and teams in organizational routines, and the experts often have a
conservative influence on adopting innovation (Bresnen et al., 2005). Other reasons
12

for slow adoption of innovation in construction may be: applying production theories,
which are limited due to different contexts; transformation models of production,
which does not consider uncertainty or interdependence; and limited bottom-up
innovation (Koskela & Vrijhoef, 2001).
Diffusion of innovation theories for understanding factors that influence
adoption of innovations have been applied and modified to the construction industry
over the last two decades. The uses of different theoretical frameworks and models of
construction innovations are based on the particular characteristics of the construction
work being analyzed, including the types and modes of innovations, the “players”
involved in the projects, and other influences. Some recent models have adopted a
variety of new perspectives and approaches, such as socio-psychological perspectives,
sociology of technology approaches, and actor-network theory. Some models have
been empirically tested with specific technological and non-technological innovations
in architectural and engineering design firms. The goal of this section is to explore
how construction innovations in the building sector can be understood through
innovation theories. This section provides an overview of the diffusion of innovation
theory in general and then summarizes findings from the review of literature on the
diffusion of innovation in the building context.

2.5.1 Overview of Diffusion of Innovation
An innovation is defined as “an idea, practice, or object that is perceived as
new by an individual or other unit of adoption” and often perceived by its relative
advantage, comparability, complexity, trial-ability, and observability (Rogers, 2003).
Innovations can be a product, a process (either a technological or administrative
procedure), or a service (Rogers, 2003). In the field of sociology, diffusion refers to
“the spread of practice within a social system,” where spread indicates “flow or
13

movement from a source to an adopter.” (Strang & Soule, 1998) Another way to
categorize innovation is by degrees of changes compared to the existing products,
processes, or services (Anderson & Tushman, 1990). Diffusion is “the process in
which an innovation is communicated through certain channels over time among the
members of a social system” (Rogers, 2003). In Rogers’ diffusion of innovation
model, the four elements of diffusion are: 1) innovation, 2) communication channels,
3) time, and 4) social systems.
Most of the innovations that have been discussed in diffusion studies are
technological innovations. These studies reflect a belief that technology produces
social changes in a system, often called technological determinism, whereas the
process of diffusion explains a belief that social forces such as government
procurement policies, social values, and human interaction shape technologies through
a process of social construction, called social determinism (Rogers, 2003). The fields
of organization and social movement focus on the structural and cultural logic of the
diffusion process, for instance, why practices diffuse at different rates and through
different pathways in different settings (Strang & Soule, 1998). The internal diffusion
process works through information and influence flow within the adopting population
depending upon the actors’ relationships: cohesion works through strong ties, while
information collection works through weak ties, structural equivalence and
competition, prestige, and spatial proximity (Strang & Soule, 1998). Strong social ties
drive frequent interaction among strongly related partners and an exchange of
information on innovation, while weak ties deliver the new information of what others
do (Strang & Soule, 1998). Adopters who have structurally equivalent networks and
compete with each other mimic each other’s practices, and they tend to follow
prestigious, central actors (Strang & Soule, 1998). Lastly, close spatial proximity of
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adopters increases the possibility (for them) to have mutual awareness and higher
interaction (Strang & Soule, 1998).
Embedded social ties among actors affect organizational and economic
outcomes and can be developed upon trust, fine-grained information, and joint
problem solving arrangements, which is shown in the New York City apparel industry
(Uzzi, 1997). The embedded ties facilitate “thick” information exchanges of tacit and
proprietary know-how and create opportunities that are difficult to replicate via
markets, contract, or vertical integration (Uzzi, 1997). Stronger ties create more
effective communication channels among the actors. Conversely, arm’s-length ties are
generated by the self-interest of the actors, who tend to change their partners to take
advantage of new entrants or avoid dependence (Uzzi, 1997).
Structurally equivalent actors who have similar ties mimic each other’s
adoption behavior; however, prestigious and central actors can influence adopters
through social psychological and structural mechanisms (Strang & Soule, 1998).
Additionally, spatially proximate actors, who often have mutual awareness and
interdependence, can influence each other regarding adopting behavior (Strang &
Soule, 1998). Such internal diffusion process can be applied to social network theory,
meaning that actors are connected to a network that forms channels of communication
and influence in inter-organizational studies (Greenhalgh, Robert, Macfarlane, Bate, &
Kyriakidou, 2004). Additionally, organization-level factors such as stakeholder and
takeover exposure influence the way in which different practices can vary during the
process of adoption (Fiss, Kennedy & Davis, 2012).
Rogers (2003) described a six-step innovation process for an organization: 1)
agenda setting, defining the need for and potential value of innovation; 2) matching
the need and the technology; 3) decision-making on adoption; 4) redefining and
restructuring the technology and the structure of the company; 5) elucidating the
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relation between the organization and the technology; and 6) routinizing the
technology in the organization. The factors that influence decision-making on
adoption, which is the third step of the innovation process, are knowledge, persuasion,
decision, implementation, and confirmation. Learning, another important factor in the
diffusion process, provides communication channels for information flow, either
through learning-by-doing or through learning spillovers in the network of actors (Bol
& Moers, 2010).

2.5.2 Diffusion of Innovative Building Practices
Roger’s diffusion of innovation model has been applied to innovation in the
building industry. Applying the diffusion of innovation model to the building sector
requires careful consideration because of two assumptions in innovation theory in
manufacturing: 1) Innovations are created by an internal research and development
(R&D) organization (Nelson & Winter, 1982) and 2) Innovations can be utilized
through large-scale mass production (Abernathy & Utterback, 1978). These
assumptions are different from those in the building industry, which are limited
investment on R&D and one-off project-based work. The need to consider
fundamental contextual differences in building projects and in other areas has been
discussed to apply the innovation theory to the building industry (Green, Fernie &
Weller, 2005; Sexton & Barret, 2003a, 2003b; Winch, 2003; Bresnen & Marshall,
2001).
There have been both theoretical and empirical approaches to understanding
the diffusion model and the process of the diffusion of innovation in the building
sector (Table 1). Slaughter (1998) suggested different types of construction
innovation, including incremental, modular, architectural, system, and radical
innovation depending on the magnitude of change from current practice and the
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degree of interaction with other components or systems. Additionally, issues in
construction innovation in Slaughter’s (1998) model are 1) timing of the commitment
to use innovations, 2) implicit and explicit coordination among stakeholders, 3) types
and sources of special resources, and 4) the nature of supervision activities.
Unlike Slaughter’s (1998) model, some researchers proposed diffusion models
of construction innovation focusing on the process of adopting the innovation.
Construction innovation is “a response to external needs, especially those of clients,
by importing products and techniques from outside” (Gann, 2000). The sources of
process and product innovation in the construction industry are often from within the
construction industry, but forty percent of all innovations and fifty percent of product
innovations originate in other industries such as chemical, metal, machinery, and
electrical engineering (Pries & Janszen, 1995). Therefore, the process of adopting
innovations is an interesting area to study in the building sector.
Like Rogers’ (2003) process, Shaffer’s (1985) five-step innovation
development process focuses on technology transfer, problem identification, research
and development, field demonstration, product/system authorization, and
product/system application. Tatum (1987) described the process of innovation in
construction firms specifically as recognizing forces and opportunities for innovation,
creating a climate for innovation, developing necessary capabilities, providing new
construction technologies, experimenting with and refining the new technologies, and
implementing the new technologies. In this model, the importance of organizational
structure and culture is emphasized to facilitate innovation by providing supportive
policies, intra- and inter-organizational coordination, and staff (Tatum, 1987).
A model that De La Garza and Mitropoulos (1991) suggested includes a
process similar to Tatum’s (1987). It focused on expert system technology and
whether or not innovation was top-down or bottom-up depending on where initiation
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starts, from senior managers or from an individual who is not in a senior management
group. Depending on the direction of the diffusion process, either top-down or bottomup, several factors affect the process: the attitude of senior management toward
innovation, the position of the individual identifying the innovation, the capability of
the organization, the organizational environment, and the state of the development of
the innovation (De La Garza & Mitropoulos, 1991).
Unlike the other models proposed, Laborde and Sanvido (1994) suggested a
model of innovation process for contractors, which included identification, evaluation
of candidate technologies, implementation of selected technologies, and feedback as a
result of innovation. They also compared variations in factors affecting the innovation
process in small (local) and large (national) companies in terms of financial risk, R&D
resources, internal communication speed, and management style. They found that
small firms often have difficulties exposing themselves to financial risk and that these
firms often lack resources for R&D, while large firms’ slow communication channels,
and the hierarchical structure of the decision-making process makes the innovation
process more difficult (Laborde & Sanvido, 1994).
The concept of relative boundedness and networks of actors and their
associations were proposed to understand who and/or what are included/excluded into
the innovation process (Harty, 2008). The dynamics of networks and the bounded or
distributed innovation process is considered to understand the construction innovation
(Harty, 2008). Different approaches and diffusion processes found in the literature are
summarized in the Table 1.
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Table 1. Summary of diffusion processes and factors
Author(s)

Diffusion process

Rogers (2003)

• Agenda setting
• Matching the need and the
technology
• Decision-making on adoption
• Redefining the technology and
the structure of the company
• Elucidating the relation between
the organization and the
technology
• Routinizing the technology

Strang & Soule
(1998)

• Cohesion through strong ties
• News through weak ties
• Structural equivalence and
competition
• Prestige
• Spatial proximity

Shaffer (1985)

•
•
•
•
•

Tatum (1987)

• Recognizing forces and
opportunities of innovation
• Creating climate for innovation
• Developing necessary
capabilities
• Providing innovation
• Experiment and refine
innovation
• Implement innovation
• Recognizing forces and
opportunities
• Identifying innovation
• Committing the initial resources
• Evaluating innovation
• Implementing innovation
• Confirming the value of
innovation

ú Organizational structure and
culture
ú Supporting policies
ú Intra- and interorganizational coordination
ú Staff

Building sector

ú Attitude of senior
management toward
innovation
ú Position of individual
identifying innovation
ú Capability of organization
ú Organizational environment
ú The state of the development
of innovation

Building sector

• Identification
• Evaluation of candidate
technologies
• Implementation of selected
technologies
• Feedback as a result of
innovation

ú Financial risk
ú R&D resources
ú Effectiveness of
communication channels
ú The structure of decisionmaking process

Building sector

ú
ú
ú
ú
ú

Building sector

De La Garza &
Mitropoulos (1991)

Laborde & Sanvido
(1994)

Factors that influence
decision-making on adoption
ú Knowledge
ú Persuasion
ú Decision
ú Implementation
ú Confirmation

Research Field
General

Organization and
social movement

Building sector

Problem identification
Research and development
Field demonstration
Product/system authorization
Product/system application

Pries & Janszen
(1995)
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Market
Product
Management
Building process
Sector characteristics

Panuwatwanich et
al. (2009)

ú Leadership
ú Team climate
ú Organizational culture

Building sector

Slaughter (1998)

ú Timing of the commitment
to use innovations
ú Implicit and explicit
coordination
ú Types and sources of special
resources
ú Supervision activities

Building sector

Harty (2008)

ú Extensive collaboration
ú Learning at the project level
ú Intra- and interorganizational
communication throughout a
project
ú Relative boundedness

Building sector

Based on the type of innovation, whether it is project-specific or companywide, the characteristics of the innovations are different with regard to the people
involved, the time and resources available, the scope of technology search, and the
payback period (Laborde & Sanvido, 1994). Key sources of innovative technology are
suppliers (e.g., product manufacturer and software developers), subcontractors,
contractor competition, construction research organizations and universities,
employees, and formal in-house development efforts (Laborde & Sanvido, 1994).
A number of factors that influence innovation can be categorized into five
groups: market, product, management, building process, and sector characteristics
(Pries & Janszen, 1995). Specifically, the identified variables that significantly
influence management regarding innovation implementation include the expected
purpose of the innovation for better performance of the whole project and a higher
market reputation; the general, technical, and managerial capabilities to implement
innovation; and the management-level and project-level efforts (needed) to implement
innovation (Ling, 2003). These variables align with socio-psychological constructs
such as leadership, team climate, and organizational culture, which are related to the
underlying climate for innovation (Panuwatwanich, Stewart, & Mohamed, 2009). The
team climate for innovation mediates the relationship between leadership and the
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organizational culture for innovation, and the organizational culture works as a
gateway for the diffusion of innovation shown in Figure 2 (Panuwatwanich et al.,
2009). The leadership has an impact on creating both a team climate and an
organizational culture that rewards innovation (Panuwatwanich et al., 2009; Sexton &
Barrett, 2003a). As the organizational culture for innovation improves, the level of
innovation outcomes increases and eventually leads to higher business performance
(Panuwatwanich et al., 2009).
Leadership for
Innovation

Innovation
Diffusion
Outcomes

Organizational
Culture for
Innovation

Business
Performance

Team Climate
for Innovation

Figure 2. Leadership, team climate & organizational culture toward innovation
(based on Panuwatwanich et al., 2009; Sexton & Barrett, 2003a)

If we think of a project environment in which many organizations work
together for a single project, construction innovation can be thought of as an “interorganizational landscape” in terms of leadership, team climate, and project culture,
which is different from a single driving force for innovation in general innovation
theory (Harty, 2008). A case of a Swiss contractor shows variables that significantly
affect managing innovation: external variables (e.g., dependency on client and
location, procurement form, client’s acceptance of innovation, and regulation) and
internal variables (e.g., service offer, knowledge, cooperation, financial situations, and
time required) (Hartmann, 2006).
Empirical studies on adoption of innovations such as computer-aided design
(CAD) technology and ISO 9000 certification have found that the diffusion of CAD
technology in architectural design practice and the diffusion of ISO 9000 in the precast
concrete industry are driven by internal (e.g., copying the behavior of others) rather
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than external (e.g., complying with client requirements, government regulations,
demand conditions, and consulting firm suggestions) influence factors (Kale & Arditi,
2005, 2006, 2009). One of the relatively recent major innovative practices is building
information modeling (BIM). Similar to CAD and ISO 9000, the adoption of BIM in
AEC firms was determined by perceived quality improvement, competitive strength to
remain competitive in the market, and top management’s support (Liu, Issa & Olbina,
2010). These examples are focused on adopting new technology in an organization
rather than in a project.

2.6 Proposed Conceptual Framework for Diffusion of Innovation in the Building
Context
Based on the literature, a conceptual framework for diffusion of innovation in
the building context is proposed in this section. The framework focuses on the
perspective of organizational study (Harty, 2008) and integrates types of innovation
(Slaughter, 1998), stakeholders in the building sector (Feige, Wallbaum, & Krank,
2011), and the strength of the relationship among stakeholders (Uzzi, 1997). The
framework includes four major components: external factors, internal factors,
mechanisms, and outcomes. External and internal factors may influence project
outcomes (adoption of innovation and/or project performance) through (changes in)
leadership for innovation, project team climate for innovation, and/or information flow
(Figure 3).
External factors
External factors include elements that exist in the building sector in general,
such as prevalent types of innovation, organizational complexity, and the
stakeholders’ fragmented relationships. Types of innovative practices are determined
by the degree of changes from existing practices and the magnitude of influence on
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other systems: incremental, modular, architectural, system, and radical (Slaughter,
1998). Secondly, the most recognized characteristics of construction are organizational
complexity and the stakeholders’ fragmented relationships, which hinder the diffusion
of sustainable building practices without centralized coordination (Feige et al., 2011;
van Bueren & Priemus, 2002). These external factors are related to prevailing
practices in terms of innovation, construction process, and relationships among
stakeholders rather than project specific. In the building sector, different markets exist
such as land-market which influenced by urban planning and zoning restrictions,
capital-market in finance, real estate market followed by supply and demand building
capacity, material-market among suppliers, and labor-market for building workers.
Since many stakeholders coming from different markets, they come from different
perspectives or interests, which in more favor of their markets. This organizational
complexity creates interwoven relationships among stakeholders with the preceding
and following work activities by different entities in the construction process.
Internal factors
While external factors describe challenges and/or opportunities of adopting
innovation driven from nature of construction and available innovations, internal
factors include organizational aspects of stakeholders involved in a “project.”
Stakeholders can be categorized by its level of involvement, whether they influence
(internal) or are influenced by (external) the project. Government and local authorities
play a unique role of being internal and external stakeholder at the same time since
their policy can have an impact on a project as well as their operation can be
influenced by a project. The second internal factor is a role of stakeholder (e.g., owner,
developer, architect, contractor, etc.). The role of stakeholders may affect project
outcomes because of their relative power, driving forces, expertise, and know-how.
Stakeholders’ inter-organizational relationships (weak, arm’s length tie, strong, or
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embedded) can influence the project outcomes (e.g., adoption of innovation practices
and/or project performance). For instance, the difficulties caused by organizational
complexity and fragmented coordination among stakeholders can be reduced
depending on what type of relationships the stakeholders maintain with one another
(Strang & Soul, 1998).
Mechanism
Their familiarity to innovative practices and cumulative knowledge and
expertise can develop innovation friendly project team climate and allow stronger
leadership, which can ultimately affect project outcomes. The nature of these
relationships can also affect leadership and project teams’ view on innovation, as well
as how well information flows among the groups (Panuwatwanich et al., 2009; De La
Garza & Mitropoulos, 1991; Tatum, 1987). For instance, an embedded tie between
two stakeholders may improve the project team climate for innovation and the flow of
complex/tacit information, which is difficult to acquire from the market or contracts
(Uzzi, 1997). Another example is that material suppliers who are structurally
equivalent may share new industry information and mimic each other’s decisions
regarding the adoption of innovation (Strang & Soul, 1998).
Project-based organizations in the building sector may have difficulties
developing or maintaining strong ties with other stakeholders in the short term.
However, developing strong ties among stakeholders can create leadership for
innovation within the projects and improve the climate for innovation. Moreover,
strong ties increase the flow of tacit information between stakeholders and allow them
to take advantage of opportunities that are hard to obtain through the market or
contracts. Therefore, developing strong ties with other stakeholders can benefit all or
most stakeholders as well as the overall project in terms of innovation diffusion
outcomes and project performance.
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Project outcomes
The performance or success in construction projects can be assessed with
different indicators: 1) cost comparing to the estimate, 2) time comparing to the
planned schedule, 3) levels of sustainable performance (intended vs. achieved
certification level), and 4) actual performance (energy and water use, post occupancy
evaluation including acoustic quality, controllability, ventilation, lighting, and thermal
comfort) (Molenaar, Gransberg, Korkmaz, & Horman, 2009).

Project Outcomes

Information Flow

Adoption of Innovative Practices
Project Performance

Figure 3. Conceptual framework for diffusion of innovation in the building sector
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CHAPTER 3
SUSTAINABLE BUILDING PRACTICES AND RESEARCH HYPOTHESES
3.1 Introduction
According to the U.S. Energy Information Administration (EIA), commercial
buildings consumed a total of 18 quadrillion Btu in 2014 including delivered energy
and electricity related losses, which is equivalent to 19 percent of total energy use in
the U.S. Mitigating the environmental impacts of buildings has required that energyefficient design, materials, and construction be increasingly adopted within the last
decade. By 2010, about ten percent of commercial office buildings, which is equal to
thirty percent of commercial office space in 48 US metropolitan areas, were certified
for energy efficiency by the Energy Star program, which has been administered by the
US Environmental Protection Agency (EPA) and the Department of Energy (DOE)
since 1999 (Kok, McGraw, & Quigley, 2012). Approximately five percent of
commercial office buildings, equal to eleven percent of office space, has been certified
for LEED, which has been developed by the US Green Building Council (USGBC)
since 1998 (Kok et al., 2012). Although these sustainable building practices (Energy
Star and LEED) have been adopted over the past couple of decades, the diffusion of
sustainable practices is still sluggish and (frequently) debated (Hoffman & Henn,
2008; Lockwood, 2007; Russell, 2007; Wilson & Yost, 2001).
Some have emphasized the need to develop a way to convince stakeholders to
adopt sustainable building practices (du Plessis & Cole, 2011). The network of the
numerous stakeholders that are involved in building projects can influence the process
of adopting sustainable building practices, and the (increasing) complexity of
construction projects requires more integrated collaboration to adopt new practices.
The existing inertia among stakeholders has resulted in the sluggish adoption of
sustainable and energy efficient design and technologies in the building sector (Feige
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et al., 2011; Cadman, 2007). This study includes buildings that both have and have not
adopted Leadership in Energy and Environmental Design (LEED) and Energy Star
and identifies organizations that have been involved in projects in order to understand
the trajectory of the adoption process and the diffusion among stakeholders in projects.
The study examines whether stakeholders’ familiarity/ previous experience working
on sustainable building practices increases the likelihood of adopting the practices.

3.2 Challenges for Sustainability
Challenges for adopting sustainable practices in the building sector can be
summarized into two categories, related to a project either internally or externally.
Internal reasons are fragmentation across time/building life cycle and fragmentation
among stakeholders. Firstly, challenge for sustainability is from lack of coordination
across the building life cycle from planning and design to operation and maintenance.
Specifically, communication difficulties in the typical building process stem from
fragmented stages of design, construction, and operation, all of which involve many
stakeholders and impede the achievement of energy-efficiency in buildings. As a
result, poor coordination of design, construction, and operation and maintenance
processes across time is a common phenomenon in the building industry. In other
words, any gaps between interactions and decisions at a number of points in the
construction and management processes can result in an asymmetric distribution of the
pros and cons of sustainable building (Priemus, 2005).
As the most recognized challenge in sustainability, the asymmetric distribution
of the advantages sustainable building, often called the “energy paradox” or “energy
efficiency gap” (Swedish Government Official Report, 2008), in part causes the gap in
the decision-making process in the building industry because energy saving is a
financial benefit for users, not for the developer or the manager under most traditional
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lease agreements (Wallbaum, Silva, du Plessis, Hoballah & Krank, 2010; Priemus,
2005). This “landlord-tenant dilemma” explains how these split incentives occur since
they are related to the set-up of the lease agreement and who pays the electricity bills.
If the landlords pay the electricity bills, then they can recoup their investment on
efficient fixtures in the properties, but the tenants may not consider their own energy
use (Bonde, 2012). However, if the tenant pays the electricity bills, then the landlord is
not able to take financial benefit from their investment in energy efficient fixtures
(Bonde, 2012). Moreover, the fluctuating price of energy influences users’
reactions/decisions (Priemus, 2005). In addition to the energy paradox stemming from
the lease agreement, behavioral reactions of occupants towards sustainable features of
the building also may not correspond to intended design and construction of the
building (Priemus, 2005).
The other internal reason for sustainable challenge is the fragmented
relationships among stakeholders. The building life cycle process influences and is
influenced by a large number of people and organizations, including investors,
manufacturers/suppliers, banks/financial institutions, contractors, planners/designers,
end users/owners, public authorities, non-governmental organizations (NGOs) and the
public, research and education organizations, the media, the environment, and future
generations. As shown in Figure 4, all of the stakeholders have their own primary
concerns with regard to the building projects and are associated with one or more of
the specific life cycle phases (Feige et al., 2011). However, stakeholders are not often
in a position to offer input on the project because there is no director who coordinates
stakeholder interactions and relationships (van Bueren & Priemus, 2002). With zeroto-limited centralized coordination, stakeholders view themselves as interdependent
based only on the experiences in which they have had direct contact, while they may
not be aware of all the ways in which they are dependent on other stakeholders (van
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Figure 4. Building life cycle and stakeholders
(Based on ‘Project management for construction’ by Chris Hendrickson, Department of Civil and Environmental Engineering, Carnegie Mellon
University, Pittsburgh, PA l52l3 Copyright C. Hendrickson 1998)

29

Bueren & Priemus, 2002). The nature of organizational complexity in the construction
projects contributes to the difficulty in project management, especially regarding
sustainability concerns. Organizational complexity in the project across the building
life cycle creates a more complicated situation: the management phase comes before
the construction phase and involves a project developer and an investor or an owneroccupier who may not be considering design or construction very much. The primary
concern of the building contractor is to deliver a product that meets legal requirements
and satisfies the demands of the principal, the drawings, and the specifications
(Priemus, 2005).
External challenges for sustainability are market mechanisms and policy
support. Interactions and the decision-making process among stakeholders can become
fragmented because there are several markets: capital, material, labor, land, real estate
sale and rent markets (van Bueren and Priemus, 2002). As interactions tend to be
decentralized rather than centralized and often focus on the specific contact between
two players in a specific market, the interrelationships with other players at different
levels or stages of the planning process are often not considered during the decisionmaking process (van Bueren & Priemus, 2002).
Such dependency on direct contact or interaction contributes to what is
sometimes called the “circle of blame” (Figure 5), which shows that stakeholders in
the building industry often strive for sustainability because others in the industry do
not strive for sustainability (Cadman, 2007). Standardized project evaluation practices
are geared toward conventional development, and the evaluation process for projects
does not cover enough (parts) of the building life cycle to capture the benefits from
up-front investment, which makes “packaging” or selling mortgages for nonconventional projects for the secondary markets difficult (Choi, 2009). The circle of
blame (Cadman, 2007) is a loop of stakeholders’ excuses for not taking a leading role
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in adopting sustainability. For example, organizations as renters might say that there
are not enough sustainable office buildings/spaces available in the real estate market.
However, the investor might say that this is a market-based decision that demonstrates
the renter’s preference. Then, developers might blame investors/financial institutions
for their perception of the conventional development as being low-risk. Again,
builders might claim that developers do not ask for sustainability. These differences of
the perspectives can demonstrate some ways (or one way) in which the circle of blame

may operate.

Figure 5. Circle of blame (Cadman, 2007)

Sustainable practices are relatively new and related advanced technologies and
building materials are being developed much faster than they can be implemented.
Thus, the building industry is often described as evolutionary rather than revolutionary
(Jester, 2014; Kolarevic, 2004; Powell, 1996). This circle of blame could be broken at
some point by introducing proper incentives that might move sustainability forward as
a (more unified) movement (Cadman, 2007). Among the various stakeholders in a
construction project, internal stakeholders (i.e., investors, suppliers, capital providers,
contractors, designers, and owners/end users) influence decisions on the project, often
with different degrees of influence based on market forces (Feige et al., 2011; Choi,
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2009), yet the involvement of external stakeholders (e.g., NGOs, research &
education, media, environment, and future generations) has (may have/often has) only
a limited influence on a project (Choi, 2009). Public authorities (government), who
can be both internal and external stakeholders, can mitigate this power of market
mechanisms by establishing regulations/controls as well as by considering public
social well-being (Feige et al., 2011).
Many stakeholders sometimes have difficulty communicating with each other
when they use their own expertise, terminology, and language because they have
different forms of background knowledge. For example, brokers, appraisers, and
property search specialists often do not have access to the data, tools, or knowledge to
convey the benefits of sustainable buildings to buyers or tenants (Choi, 2009).
Additionally, developers cite a lack of demand from consumers for such sustainable
features, but less demand might come from a lack of awareness of the range of
existing alternatives and benefits from sustainable properties, which also can create a
circle of blame (Choi, 2009; Cadman, 2007). Effective communication among parties
with different backgrounds and expertise can serve to achieve transparency and
accessibility with the help of a graphical interface as one building sustainability
assessment method, which could increase opportunities for collective learning (Choi,
2009; Kaatz, Root, Bowen & Hill, 2006).
Approvals, the permitting process, and building codes that do not have the
capability to cover sustainable building practices may lead to delays in the public
sector and the potential challenges of legal liability may make people fall back on
well-tested methods as a default rather than implementing new or adjusted methods
for sustainable practices (Choi, 2009). Additionally, it can be difficult to find the right
experts, including architects, construction firms, attorneys or construction materials
and other sources, which can lead to delays (Choi, 2009). Along with the fear of legal
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liability and lengthened project schedules, resistance to changes may exist among
stakeholders. Small or medium sized firms that do not have an organizational retraining system may have difficulty updating themselves with new technologies and
methods, and in the building sector, a significant number of sub-contractors are small
enterprises. An additional challenge for the sustainable building practices may be a
general lack of awareness of the environmental impact of buildings.
In sum, the complexity of building design and construction processes is likely
to increase as energy-efficient design and technologies are adopted in building
projects. These designs and technologies will require a collaboration of knowledge
through interaction among stakeholders. Such collaboration is often considered one of
the biggest challenges for the adoption of sustainable building practices. This study
examines how sustainable building practices have spread in building projects and
factors that can influence the diffusion process in stakeholder networks.
This study provides evidence of the roles of stakeholders and their influence on
building projects regarding the adoption of sustainable practices. It also examines how
the stakeholders’ roles in and influence on adopting sustainable practices differ with
their cumulative exposure to sustainable practices. By analyzing stakeholders’
influences and relationships in a project, this study eventually seeks to identify a
leverage point at which to intervene in the circle of blame, the point when major
stakeholders such as financial institutions, developers, contractors, and tenants (tend
to) point their fingers at each other (but rarely at themselves) for not initiating (or
participating in) sustainability (Cadman, 2007).

3.3 Diffusion of Leadership in Energy and Environmental Design (LEED) and
Energy Star
3.3.1 Leadership in Energy and Environmental Design (LEED)
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The Leadership in Energy and Environmental Design (LEED) program is a
market driven rating system for sustainable buildings. LEED started in 1998 and was
developed in order to both improve building performance and encourage the design
and construction industries so that the knowledge and skills that were used in previous
projects could be used in other projects (USGBC, 2003). Since the LEED program
began, it has been adopted by public and non-profit organizations and by private
owners/developers for different sizes and types of buildings. Many U.S. federal
agencies, states, and local governments (now) require or remunerate LEED
certification, and some private corporations such as Ford Sprint, Steelcase, PNC Bank,
and Toyota have actively engaged in adopting LEED practices into their building
process (Cidell, 2009).
Since 1998, LEED has been the most recognized green building rating system
in the U.S. and has evolved from version 1 through 4 over 15 years. LEED consists of
six categories: sustainable sites, water efficiency, energy and atmosphere, materials
and resources, indoor environmental quality, and innovation and design process. It
works as a checklist, which allows achieving a limited number of credits under each
category. LEED is sometimes criticized for its credit based rating system because
organizations may seek only the “lowing hanging fruit.” However, LEED is a
comprehensive approach that considers development, design, construction, and
operation & maintenance. Many professionals volunteered to help develop the rating
system, and the fact that the rating system is easy to understand has helped to
disseminate the new system in industries, which is evidenced by the growing number
of accredited professionals. Scoring for the LEED program is weighted using the
environmental impact categories of the United States Environmental Protection
Agency’s Tool for the Reduction and Assessment of Chemical and Other
Environmental Impact (TRACI) and the environmental-impact weighting scheme
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developed by the National Institute of Standards and Technology (NIST) (USGBC).
After all, LEED is a method that has been adopted to achieve the three main factors of
sustainability: environmental, economic, and social aspects. There have been efforts to
provide evidence that LEED system has an effect on these three factors. The positive
impacts of LEED certified buildings have been analyzed from different aspects,
including reduced energy consumption, increased occupancy rate and rent, and higher
occupant satisfaction.
Even though the number and square footage of LEED certified buildings has
increased since LEED started in 1998, the adoption rate has been sluggish because of
the nature of the (types of) building projects listed above, which leads to a complex
stakeholder network and an energy paradox of investment and benefits of energy
efficiency.

3.3.2 Energy Star for Buildings
Energy Star, a voluntary labeling program for commercial buildings, started in
1999. The Energy Star program is administered by the US Environmental Protection
Agency (EPA) and the Department of Energy (DOE). A licensed Professional
Engineer (PE) or Registered Architect (RA) must verify an application for Energy Star
certification before owners or managers submit the application to EPA. Based on a
scale of 1-100, the scores indicate a building’s energy efficiency in quantiles
compared to that of similar buildings, with a score of 75 or higher indicating a top
performance and a score of 50 representing median energy performance. In other
words, an actual, measured energy use of a candidate building must be included in an
application, and the energy consumption is compared to the national-level source of
data from the Commercial Building Energy Consumption Survey (CBECS) with a
number of adjustments – building usage, building size, number of personal computers,
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number of workers, hours of operation per week, and weather and climate (heating and
cooling degree days). Since the first Energy Star certified commercial building, the
adoption of Energy Star in buildings seems successful as more than 20,000
commercial buildings (3 billion square feet of commercial space) have been certified
with an Energy Star rating.
Both the LEED and Energy Star programs started by targeting new buildings
or existing buildings and were based on either self-affirmed or independent audits
(Robinson, 2009). However, the LEED program requires more comprehensive
approaches than Energy Star as LEED has six categories, one of which is energy
performance (Kok et al., 2012). Additionally, LEED advocates prescriptive,
performance, or intent-based criteria, whereas Energy Star favors measured
performance data.

3.3.3 Diffusion of LEED and Energy Star Certified Buildings
Both LEED and Energy Star have been adopted in the building sector since
they started in 1998 and 1999, respectively. Specifically, the adoption of Energy Star
has accelerated since 2005, and the adoption of LEED has increased since 2008 across
the U.S. (Kok et al, 2012). Along with the growth of the number of green certified
buildings and the total square footage of certified office space for both LEED and
Energy Star, the number of relevant experts has (also) increased. USGBC issues
LEED licenses for professionals whereas EPA keeps track of a directory of
professionals engineers (PE) and registered architects (RA) that have successful
experience of filing an application for the Energy Star building program to provide
information for building owners and property managers.
New York City adopted a green building law, called Local Law 86 (LL86) of
2005 enforcing LEED requirements. LL 86 states that LEED Silver certification is
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required for municipal projects costing more than $2 million and non-municipal
projects receiving at least 50 percent of the project costs or $10 million from the city
treasury. Applicable building projects are new construction, building additions, and
substantial reconstruction of existing buildings (i.e., construction work involving at
least fifty percent of the floor area or rehabilitation work involving at least two of
these three systems: HVAC, electrical, and plumbing). LL86 supports PlaNYC (by
2030), which was released in 2007 as a comprehensive and long-term initiative for the
city’s sustainability and resiliency. The Mayor’s Office of Long-Term Planning and
Sustainability (OLTPS) and Mayor’s Office of Recovery and Resiliency (ORR)
manage development, implementation and tracking of the progress of PlaNYC.
As a part of the PlaNYC, the Greener, Greater Buildings Plan (GGBP) targets
improvement energy efficiency in a large existing buildings and includes: 1) Local
Law 84: Benchmarking, 2) Local Law 85: NYC Energy Conservation Code, 3) Local
Law 87: Energy Audit and Retro-Commissioning, and 4) Local Law 88: Lighting.
LL86 focuses on new construction and major renovation while LL84, 85, 87 and 88
focus on energy disclosure and increase energy efficiency for existing buildings.
The information of LEED and Energy Star certified buildings in the New York
metro area and of licensed or experienced professionals in New York were obtained
from the USGBC and EPA database. The following figures 6-11 show details of
LEED or Energy Star certified commercial office buildings and licensed or
experienced professionals in the New York metropolitan area and in the state of New
York, respectively. The number of LEED certified buildings in New York metro has
increased significantly since 2008, while the number of Energy Star certified buildings
has increased since 2007. This increase was coincident with Local Law No. 86 that
New York City passed in 2005 and effective beginning January 2007 (Figure 6).
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The number of LEED credential holders was 5,891 as of March, 2013, in New
York; however, the distribution of the area of practices was greatly weighted to
architecture (USGBC). The EPA database has information about professional
engineers (PE) and registered architects (RA) that have submitted an application for
Energy Star program and been approved. This data may not capture all of the involved
PEs or RAs since it is only a record voluntary disclosure; however, the number of PEs
and RAs who have disclosed their involvement reflects the distribution of Energy Star
experts and their areas of practices. Energy Star experts have been more in the field of
engineering rather than architecture. This may be relevant to the nature or
requirements of the Energy Star program as the requirements depend on the actual
energy consumption, largely and directly related to the energy efficiency of
mechanical systems such as HVAC (Figure 11).
As LEED has a more comprehensive approach, including the aspects of site
planning, design, energy and water efficiency, and indoor environmental quality, a
large proportion of LEED credential holders (37.08%) are architects or designers
(Figure 10).
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Figure 6. LEED certified office buildings in the New York metropolitan area

Figure 7. Energy Star certified office buildings in the New York metropolitan area
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Figure 8. Total gross square footage of LEED certified office buildings
in the New York metropolitan area

Figure 9. Total gross square footage of Energy Star certified office buildings
in the New York metropolitan area
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Figure 10. Areas of practice of LEED credential holders in the state of New York

Figure 11. Areas of practice of licensed professionals working on Energy Star certified
buildings in the state of New York
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The growth in the number of LEED and Energy Star certified buildings across
the United States has not occurred evenly. Some hot spots of green buildings include
the Pacific Northwest, university towns, and government centers. There are also stark
differences between cities in close proximity. For example, in the northeast,
Philadelphia and Boston have a high concentration of LEED certified buildings, yet
New York City, has a relatively low concentration. This difference indicates the
apparent importance of local factors. Increases in income, educational attainment, and
the percentage of service-sector employment all correlate with more green buildings
(Cidell, 2009). What is most significant, however, is that green buildings are not
necessarily concentrated in the same locations as green builders. In particular, smaller
metropolitan areas are experiencing a spillover effect from larger nearby cities where
expertise is being developed and exported (Cidell, 2009).
Regardless of their experience and the number of projects that they have been
involved in, a company cannot be designated as a “green builder,” since the building
rating systems are relevant only to the buildings themselves (Cidell, 2009). As a result,
the geographical diffusion of LEED and Energy Star certified buildings has often been
studied only/primarily at city or metropolitan level by looking at the number of green
certified buildings and the total square feet of green certified spaces rather than by
looking at stakeholders engagement or experience on those sustainable practices. This
study focuses on understanding the network and experience of stakeholders that are
involved in a project, which can help accelerating the adoption of sustainable building
practices.
In the literature of product and technology adoption lifecycles (Rogers, 2003;
Moore, 1991), there are three stages in a bell-shaped curve adoption lifecycle. If this
adoption lifecycle is applied in the sustainable building practices, early markets would
generally have only 2.5 percent of their buildings participating in LEED or Energy
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Star as innovators and only 13.5 percent as early adopters. Then, the next mainstream
markets indicate the active adoption by 68 percent of their buildings participating
LEED or Energy Star, 34 percent each as early majority and later majority. Lastly, 16
percent of the market is often called laggards. It has been claimed that sustainable
building certification entered the mainstream market in 2007. Many U.S. federal
agencies and state and local governments require LEED certification, and this
government regulation has spillover effects that accelerate the adoption of LEED
programs in the private sector and increase investments by local businesses such as
architects, contractors, and suppliers of sustainable building materials (Simcoe &
Toffel, 2012).

3.4 Project Delivery Systems and Sustainable Practices
As Stakeholders play similar roles across projects; for example, architects’
work does not change into contractor work from one project to another. However, the
structure of the relationships among stakeholders can change depending upon the type
of project delivery systems. Project delivery systems define the project participants’
contractual relationships in the project and the level of integration among the project
stakeholders (American Institute of Architects (AIA) and Associated General
Constructors of America (AGC), 2004).
A widely used comparison of project delivery systems is Konchar and
Sanvido’s definition (1998). First, in design-bid-build (DBB), the developer/owner
makes contracts with the designer and the contractor separately. The designer prepares
the drawings and specifications, and then the contractor wins the bids based on the
lowest price according to the document completed by the designer. Therefore, in DBB,
the process of design and construction is sequential. Second, in construction
management at risk (CMR), the developer/owner holds separate contracts with the
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designer and the contractor and hires a (knowledge) construction manager in the
preconstruction stage to manage both design and construction. The construction
manager can guarantee the maximum price for the construction, which is often called
the guaranteed maximum price. Lastly, in Design-Build (DB), the developer/owner
has only one contract with one actor, who is in charge of both design and construction.
Thus, the contractor can have an input in the design process, and the construction can
start before the completion of a detailed document by the designer.
A series of research studies has been done to understand the relationship
between project delivery systems such as DBB, CMR, and DB and project
performance outcomes (i.e., level of achievement in LEED) for high-performance
green building projects (Swarup, Korkmaz, Asce, & Riley, 2011; Korkmaz, Riley, &
Horman, 2010; Korkmaz, 2007). DB is likely to result in more favorable outcomes
than CMR and DBB in delivery speed and achievement in LEED (Swarup et al.,
2011). DB and CMR perform better in delivery speed than DBB, which also has a
tendency to increase cost (Korkmaz et al., 2010; Swarup et al., 2011). These three
types of project delivery methods define different contractual relationships and
different levels of integration among major internal stakeholders (i.e., developer,
owner, architect, construction manager, and contractor).

3.5 Proposed Conceptual Framework for Diffusion of Sustainable Building
Practices
The conceptual framework for diffusion of innovation in the building context
proposed in the Chapter 2 is simplified and applied to the diffusion of sustainable
construction innovation (Figure 12). Each stakeholder’s cumulative knowledge and
know-how through previous experience combines with their work history and the
strength of relationships with other stakeholders involved in a project may affect
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project outcomes, adoption of sustainability. Additionally, types of innovation
depending on the degree of changes from current practices and on other systems can
also affect project outcomes. Finally, the stakeholders’ characteristics, interstakeholder relationships, and types of innovation are considered in the context of
building projects (i.e., project delivery systems, type of ownership (private vs. public),
usage and location of buildings) because of the project-oriented nature of construction.

Figure 12. Conceptual framework for sustainable innovation in a building project

Several research questions derived from the conceptual framework can be
either empirically tested or examined through qualitative approaches in the future: 1)
How are sustainable building rating systems (i.e., LEED and Energy Star) related to
types of innovation? 2) Which stakeholders are likely to be the central actors or
opinion leaders in a project in terms of adopting innovation? 3) Is any type of
stakeholder relationship among the specific stakeholders preferred over others? (e.g.,
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Is a strong tie between a developer and an architect more influential than a strong tie
between a contractor and a supplier or vice versa?) 4) How is the project team climate
for innovation formed? and 5) Is the project team climate for innovation related to the
innovation diffusion outcome?
Considering the barriers of sustainable building practices discussed above, this
study aims to test a part of the conceptual framework regarding sustainable building
practices (LEED and Energy Star programs) in the New York metropolitan area. One
of the differences between general construction innovation and a sustainable building
program such as LEED and Energy Star is one primary driving force, financial benefit.
The underlying justification for sustainability, the public good, often lacks a strong,
specific individual motivation to achieve more sustainable buildings. As a result,
federal, state, and local governments proactively have taken it upon themselves to
adopt LEED requirements for government buildings and government-funded
buildings.

3.6 Research Questions and Hypotheses
One of the most important factors for the diffusion of innovation is the
availability of professionals or business agencies that can provide specific expertise to
help implement innovation (Hall, 2004). Some professionals or business channels are
needed to bridge the gap between under-represented social needs and private needs
and/or to provide specific information about sustainable building practices. This
important role of local human capital is shown in the diffusion of Energy Star or
LEED certified buildings between 1998 and 2010 in the metropolitan areas of New
York, Los Angeles, Chicago, Washington, Dallas, and Phoenix (Kok et al., 2012).
The number of LEED Accredited Professionals (LEED APs) is positively associated
with the geographic dispersion of LEED by area and year, while the number of LEED
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APs is negatively related to the dispersion of Energy Star (Kok et al., 2012). The
different impacts of the number of LEED APs by area and year may come from
different features of the two programs. The Energy Star program is based on the
achievement of specified efficiency levels of energy use, which are credited by a
professional engineer, while LEED requires a more complex approach, including six
major categories to assess the sustainability of buildings, and its certification process
is often guided by LEED APs. The positive relationship between the number of LEED
APs registered in the selected metropolitan areas of New York, Los Angeles, Chicago,
Washington, Dallas, and Phoenix and the geographic dispersion of LEED certified
office spaces by area and year implies the importance of the availability of local
human capital (Kok et al., 2012).
However, the aggregated data are not sufficient to show any direct relevance of
having LEED APs and their actual utilization on building projects because some
LEED APs do not work on building projects directly and because different
professionals (i.e., architects, engineers, urban planners) may already have LEED AP
training/certification. Therefore, the number of LEED APs registered by area and year
might not accurately capture the actual utilization of LEED APs. The unit of analysis
in this study is a construction project. The focus of the investigation is whether
stakeholders’ experiences with sustainable practices are diffused and associated with
the sustainability outcomes of building projects.

H1: The adoption of sustainable building practices in construction projects is
influenced by stakeholders’ previous exposure to sustainable building projects.

As mentioned earlier in chapter 2 and 3, the organizational complexity, the
fragmented nature of building projects, and the temporary social interactions among
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stakeholders make it difficult for stakeholders to adopt innovative sustainable
practices, which often require more interaction and collaboration. This is because the
stakeholders have different interests and concerns and because their activities tend to
be decentralized rather centralized. The result can be that the stakeholders blame each
other for the slow adoption of sustainable practices rather initiate them themselves,
especially among investors, developers, contractors, and occupiers (Cadman, 2007;
van Bueren & Priemus, 2002).
This study suggests that stakeholders and their interests should be identified
and that their influences and relationships should be addressed in order to find out how
to intervene in any circles of blame (Cadman, 2007) and increase adoption of
sustainable building practices. One way to make the implementation of sustainable
building practices less fragmented would be for the (internal) stakeholders to select
among themselves on a stakeholder in the project to play a role of an “opinion leader,”
who could exert more influence than the other stakeholders (Rogers, 2003).
In this study, it is hypothesized that the impact of stakeholders’ previous
exposure to sustainable building practices can be different depending on their roles in
the projects. The moderating effect of the role of stakeholders may depend on the
stage of the project. Especially in the early design stage, which is most often the most
influential to the outcome of the project, developers/owners often have the most power
on decision-making. Architects/designers are also powerful, with the possibility to
either positively or negatively influence the project through the design of the building
(Newcombe, 2003). Contractors have relatively less power but still directly influence
the project.

H2: The relationship between stakeholders’ previous exposure to sustainable building
projects and the adoption of sustainable building practices in construction projects is
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moderated by particular internal stakeholders’ roles in the projects (i.e., developer,
owner, architect, general contractor).
H2a: Developers/owners and architects who have previous exposure to sustainable
building projects are most influential in the adoption of sustainable building practices.
H2b: General contractors who have previous exposure to sustainable building
projects are less influential in the adoption of sustainable building practices.

Another concern of the influence of stakeholders regarding their adopting
sustainable building practices is the strength of relationship between stakeholders.
Stronger ties can produce effective communication channels and an exchange of
information that is not often shared with the people or organizations with whom one
has only arm-length ties (Uzzi, 1997). The nature of construction projects, the
fragmented relationships, lack of central coordination, and the project-based
temporary collaboration often makes it difficult to build such strong relationships
between organizations/stakeholders. In this study, it is assumed that stakeholders can
build stronger relationships among the various other organizations as they work
together on project(s). A trusted strong relationship between stakeholders can
positively influence the implementation of sustainable building practices (Khalfan,
McDermott, & Swan, 2007; Egan, 1998; Latham, 1994). This might be related to
power and influence rather than a simple technical change (Bresnen et al., 2005).
Therefore, it is hypothesized here that having prior work collaboration between
stakeholders has a positive impact on implementing green building practices.

H3: Stakeholders’ previous work collaboration is positively associated with the
adoption of sustainable building practices.
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H3a: Having previous work collaboration between a developer and an architect, and
an owner and an architect has a greater impact on the adoption of sustainable
building practices than collaboration between other combinations of stakeholders
(e.g., a developer and an owner, a developer and a general contractor, an owner and
a general contractor, an architect and a general contractor).
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CHAPTER 4
METHOD
4.1 Introduction
One of the most recognized challenges in building research is a lack of
integration to save and refer to the data of previous projects. Information regarding
completed building projects for both new construction and renovation has been
obtained from different databases and organizations. This study applied two major
steps to obtain relevant datasets to answer the research questions addressed in the
previous chapter. First, I obtained secondary building information data from a private
building database company, non-government organization, NYC department of
building, and US federal agency. These data included information from both
traditional and sustainable office building projects that have been either newly
constructed or renovated since 1998, when Leadership in Energy and Environmental
Design (LEED) and Energy Star was initiated in 1998 and 1999, respectively. In order
to decrease regional variability, this study limits the regions to New York City and its
metropolitan area. New York City has one of the most active real estate markets in
terms of its volume and adoption of building sustainability with PlaNYC, which is a
long-term planning and sustainability program.
The second part is a case-oriented approach to understand stakeholders’
sustainability adoption behaviors and the influence of these behaviors within a project.
In this way, this study can provide a leverage point for the adoption of sustainable
practices in building projects by identifying major internal stakeholders such as
developers, owners, architects/designers, and general contractors, who influence the
adoption of sustainable practices the most, by investigating how much the cumulative
exposure to sustainable practices affects the adoption of sustainable practices, and by
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exploring whether project delivery methods moderate relationships between
stakeholders’ experience with sustainable practices and their adoption of them.

4.2 Justification for the Paradigm and Methodology
Research in construction often faces a trade-off between selecting either indepth, qualitative, case-based studies of a small number of cases or a variable-based,
quantitative, statistically large number of cases (Jordan, Gross, Javernick-Will, &
Garvin, 2011; Della Porta & Keating, 2008). Many studies in construction are based
on the case study because of the one-off nature of construction projects, which results
in uniqueness and novelty (Ahadzie, Proverbs, & Olomolaiye, 2008; Westerveld,
2003). Such trade-offs affect the generalizability and the causality of the relationships
in the study. This study applies two-step research designs - the sequential dominantless dominant design of quantitative and qualitative data collection methods
(Tashakkori & Teddlie, 1998) - in order to compensate quantitative and qualitative
approaches. A quantitative approach was done first and more dominant, followed by
qualitative part that took a smaller part of the study.
The quantitative part using secondary data is a confirmatory non-experimental
design and the following qualitative part is an exploratory study with a survey. The
first step was to compile and match the data of previous building projects from
different sources. This made it possible to analyze the network of stakeholders’
previous work relationships and previous involvement in sustainable projects with the
relatively large number of building project cases. Then, I invited organizations
identified in the dataset to participate in a survey to collect more detailed information
about their sustainable work history before starting a specific project. The response
rate is usually low for a survey with organizations. Therefore, the data compiling
approach can compensates the trade-off of conducting a survey in this study. This
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mixed method allows to have inferential power of the dominant quantitative method
and to add extra elements of qualitative methods (Tashakkori & Teddlie, 1998).

4.3 Outline of the Research Process
The procedures for the research are shown in Table 3.
Research process
1. Literature review
2. Selection of the
research design
3. Data collection

4. Review of the
expected research
outcomes
5. Data collection
procedures
6. Compiled data
analysis
7. Survey data analysis
8. Summary and
conclusions

Table 2. Research processes and steps
Steps
Literature review
Document relevant data collection and analysis methods
Select quantitative-qualitative approach
Identify the unit of analysis
Obtain list of buildings from Emporis database
Obtain LEED and Energy Star registration information on the listed
buildings from USBGC database and EPA respectively
Identify an existing survey (Korkmaz, 2007)
Add a section asking the level of familiarity, exposure, and
relationships
Verify the survey
Explain the expected research outcomes
- Hypothesis testing
- Network of organizations in projects
Define the study population characteristics
Describe the procedures of data collection
Report study response rate
Define the procedures for analyzing the data
Perform statistical analysis and document results
- Logistic regressions with binary outcomes
Analyze survey responses
Summarize findings of the study
Discuss implications of findings
Summarize research limitations

4.4 Research Design
The first step was to obtain a large number of building project cases compiled
through different data sources: a private building database company (Emporis), a nonprofit organization (US Green Building Council), the NYC Department of Building,
and the US Environmental Protection Agency (EPA). Based on these compiled data,
an online survey was conducted to obtain detailed information. The advantages of this
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two-step approach were to present a consistent paradigm picture and to gather more
detailed information/aspects of the phenomenon (Creswell, 1995; Tashakkori &
Teddlie, 1998).
The first part of the methodologies was to develop the stakeholder network in a
building project with a large number of building project cases, including both
traditional and sustainable buildings. The study made it possible to look at the
relational data among stakeholders through shared projects. The history of companies’
exposure to sustainable practices indicated their level of green involvement and their
history of collaboration on projects.
The second step of this research was to conduct a survey with companies
involved in the identified projects in the dataset from the first step. This survey
provided more detailed information about the levels of companies’ involvement in
sustainable projects at the time that they entered the project.
The regional variability in the data set was reduced by limiting the sample to
the newly constructed or renovated office buildings completed between 1998 and 2013
in New York City and its metropolitan area since LEED and Energy Star programs
started in 1998 and 1999, respectively. In this research, the term renovation refers to
situations for which the buildings have major structure-wide physical changes and
their usage is significantly reduced during the changes (Emporis, ESN91892). The
LEED certification system deals with new construction and major renovations
including major HVAC improvements, substantial envelope modifications, and major
interior rehabilitation.
The Emporis database provided a basic project description (i.e., type of project,
new construction or renovation; location; gross square footage; and year built) and a
list of names of the companies that are involved in the project. Finding missing
information required reviewing NYC Department of Building’s permit records and

54

matching them with the Emporis data. Then, I matched these data with the U.S. Green
Building Council (USGBC) and U.S. Department of Energy (USEPA) database,
which archives LEED and Energy Star certified/labeled building projects that seek to
obtain the level of each certificate and the number of credits achieved in the projects.
In addition to obtaining the basic information about the buildings and their LEED and
Energy Star achievement, I invited companies involved in the projects to respond to a
web-based questionnaire to acquire detailed information of the projects.
The Emporis data included major relatively large construction projects,
including both new constructions and renovations in NYC and its surrounding areas
where the local governments had adopted the LEED standards in 2007. Although
survey participants might look for records stored in their company, they also rely on
their own memory or their perception of the project to respond to the survey. In order
to reduce this response bias and increase the number of responses, I invited all of the
identified organizations/stakeholders for each project to take part in the survey. This
survey attempted to understand the stakeholder network by closely looking at the
relationship(s) within the project and sustainability behavior at the stakeholder level.
Major stakeholders in the projects (i.e., developers, owner, architects, and contractors)
were invited to the survey based on the contact list of involved companies available in
the data. The survey asked mainly about the process and network of stakeholders in
their adoption of sustainable building practices in a specific building project. It also
asked for information about each stakeholder, including their previous work relations
with other stakeholders that worked on a project, their perceived strength of the
relationships with other stakeholders in a project, their previous exposure to
sustainable projects before entering a project, the types of project delivery systems,
and the contractual terms for the projects.
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Using both approaches compensated the trade-off between the unit of analysis
and the completeness of the project picture. Because its unit of analysis was a project
(on the project level), the first approach that was used to analyze the relationships
among stakeholders was not direct. Rather, it showed indirect stakeholder
relationships that occurred as a result of stakeholders’ sharing projects, but the
relatively large number of building cases provided more statistical power. The second
approach, the survey, indicated the direct relationships among stakeholders within a
single project, and its unit of analysis was also a project. The survey approach
investigated the initiative stakeholders’ role in pursuing sustainable practices, the
previous work relations among stakeholders and how these work relations facilitate or
hinder cooperation, and how the type of project delivery method influences the work
relations and the sustainability outcome of the project. This study looked for
consistency of the results from both approaches. The first approach has more statistical
power while the second approach has more details of the project.

4.5 Sample (building projects)
The projects in this study were limited to office buildings in the New York
metropolitan area, which includes New York City, cities on Long Island, the six
largest cities in New Jersey (Newark, Jersey City, Paterson, Elizabeth, Trenton, and
Edison), and the seven largest cities in Connecticut (Bridgeport, New Haven,
Stamford, Waterbury, Norwalk, and Danbury).
Directories of both LEED and non-LEED certified buildings in New York City
and its metro area were obtained from the Emporis database in July 2013. There were
a total of 454 buildings, including 196 new builds and 258 renovations, and 205 of
these buildings provide one or more of the involved companies’ information in the
New York metropolitan area. LEED certified building directories were obtained from
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USGBC in April 2014. There were a total of 128 office buildings that were LEED
certified with disclosed building addresses in the New York metro area. Among them,
26 office buildings were new construction, and 102 office buildings were certified as
LEED for existing building. The registry of Energy Star certified buildings provided
by EPA is available via online database, which was obtained in November of 2014. A
total of 354 office buildings were Energy Star certified, but the distinction between
new construction and existing buildings (renovation projects) is/was not possible in
Energy Star certification.
After the data matching process based on building identifier which was
building’s address, the combined data included a total of 205 building projects 273
organizations, some of them being involved in more than one project. Among 205
building projects, 102 projects were new construction and 103 projects were
renovation of existing buildings. Fifty-five projects were in New York City and 150
projects were in the surrounding metro area. There were 68 buildings with 10 or fewer
floors, 30 buildings with 11-13 floors, and 107 buildings with 14 or more floors.
Seven of the new buildings were completed between 1998 and 1999. Many of new
buildings were built in early to mid 2000s: 6 buildings in 2000, 14 buildings in 2001,
13 buildings in 2002, 9 buildings in 2003, 8 buildings in 2004, 8 buildings in 2005, 8
buildings in 2006, and 12 buildings in 2007. The number of buildings completed
decreased into 3 projects on average each year since 2008. More renovation projects
were also done between 1998 and 2006 than after 2006. The average size of the
buildings was about 420,000 square feet (gross floor area) and the median was
250,000 square feet.

4.6 Participants (companies, survey respondents)
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For organizations that were identified in the compiled data set, I searched the
organizations’ contact information to find a person who either worked on a specific
project or could access the project record. Then, the organizations identified in the
compiled data set were invited to the survey. Representatives of each organization
were reached via email and/or phone to a linked online survey or a quick phone
interview asking the same questions in the survey. As checking the number of
responses, two additional emails were sent to remind the survey invitation 5 and 10
business days after the initial survey invitation was sent. The invited organizations
were developers, owners, architectural service firms, and general contractors. Among
273 organizations (60 developers, 85 owners, 84 architects, and 44 general
contractors) that were invited, 9 organizations attempted to take the survey, and
among them 6 organizations (3 developers and 3 architects) completed the survey. The
positions of the respondents of the survey were principals, vice presidents, and project
directors. The response rate was 2.2% (6/273). The response rate of organizations in
surveys is usually relatively low. Additionally, in this study, the respondents were
asked to fill out the survey based on each building case. There were 134 building
projects (new construction or renovation) that were completed in 2004 or earlier,
which was 10 or more years ago from the time that survey respondents were asked.
This resulted in a low response rate because some people who had worked on the
specific project had left the company and some of the companies had been liquidated.

4.7 Survey
A part of Korkmaz’s (2007) high-performance green building project delivery
survey was used regarding project delivery systems, project procurement, and contract
conditions. I added a section of questions asking the respondents about their level of
familiarity with and exposure to LEED and relationships with other stakeholders. Two
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experts reviewed the questions and three people whose first language is English
probed the entire survey to identify any confusion and issues with wording. The
survey consisted of a total of 33 questions on topics including basic project
identification and profile, existence of sustainability certificates (e.g., LEED, Energy
Star), an initiative role to pursue sustainability certificates, previous work history with
other stakeholders on the project, and previous involvement on sustainable projects
(Appendix A).

4.8 Procedure
The procedure for compiling the secondary data from different sources started
with the Emporis building directory, which included basic building information (year
of completion, year of last renovation, address, the number of floors, gross square
footage, and information of companies that were involved in the project). I matched
building addresses in the Emporis data and the USGBC data (LEED certified
buildings) and the EPA data (Energy Star certified building). I also matched the basic
building information with building permit records from New York City’s Department
of Buildings to fill in any missing information. After matching the data sources, the
companies work relations and previous exposure to sustainable practices were
revealed in the data set. The companies’ work relations/history indicated whether they
had worked together on a previous project before the completion of (or before working
on) a current project. Companies’ previous exposure to sustainable practices reflected
whether they had worked on LEED or Energy Star certified projects before the
completion of a current project.
Data were compiled with matching building addresses, and organizations that
were involved in the projects were identified. With a list of companies’ contact
information identified by their websites, I invited companies to participate in this
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study and asked each to refer a person who would be suitable to answer questions
regarding a specific project through phone calls and/or emails. The invitation informed
participants of the purpose and the timeline for the study, how long the survey would
take, how the responses would be treated and stored, and the preferred due date for the
survey to be filled out. Companies that showed interest in participating in the study
were invited to the web-based survey via email. Participants also had a choice to
respond the survey by having a quick phone interview instead of filling out the survey.
The advantages of using a web-based survey are no geographical limitations, speed of
delivery, economic benefits, and the likelihood of reducing the non-response rate.

4.9 Ethical Considerations
The survey responses were coded in Microsoft Excel and were not shared with
anyone or used for any other purpose. Since the survey was designed to collect
information from finished building projects in the past and the survey questions asked
fact-based questions about the previous building projects, it was assumed that the
companies would likely not feel overly sensitive about disclosing the project
information. Furthermore, all the collected data were strictly treated for
confidentiality. All findings were reported in a way that the information cannot be
tracked. The survey questions were finalized after the review and approval of the
Institutional Review Board (IRB) at Cornell University in conformity with human
subject research rules.
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CHAPTER 5
RESULTS
5.1 Introduction
This chapter reports the descriptive statistics for both the secondary and
primary data. It also analyzes the secondary data to identify the model that fits best.
The research findings suggest that having an architect and a general contractor who
had worked on green building programs increased the likelihood of adopting green
building programs; however, the findings also indicate that stakeholders’ previous
work collaboration had no significant influence on adopting green building programs.

5.2 Analysis Procedure
There were several exploratory variables, such as whether a combination of
two stakeholders among four (developer, owner, architect, and general contractor) had
worked together on previous projects and whether each stakeholder had worked on a
similar sustainable building program. Three response variables were 1) whether the
project was LEED certified or not, 2) whether the project was Energy Star certified or
not, and 3) whether the project was either certified as green building (LEED or Energy
Star) or not. These response variables were interpreted as dichotomous (i.e., LEED or
non-LEED, Energy Star or non-Energy Star, green building certified or not) rather
than ordinal (i.e., non-LEED, LEED certified, Silver, Gold, or Platinum) or continuous
(i.e., the number of credits achieved depending on the version of LEED or Energy
Star) due to the limited number of project cases.
For a dichotomous response, multiple logistic regressions were used with
several explanatory variables. An estimate of parameter refers to the effect of the
explanatory variable on the log odds that the response variable equals 1, controlling
the other explanatory variables. The exponential of an estimate of parameter indicates
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the multiplicative effect of the odds of a one-unit increase in the explanatory variable
keeping all other explanatory variables fixed (Agresti, 1996). In other words, the
parameter estimate of an architect’s previous exposure to sustainable building projects
refers to the effects of the architect’s previous exposure on the log odds that the
project will be LEED certified, controlling the other explanatory variable. JMP
statistical software was used for analysis, and the hypotheses were tested in this
compiled data set.
The second step in the analysis was to analyze the data from the online survey
with organizations that were involved in projects. The survey includes questions
regarding achievement of sustainable building certifications, identification of involved
stakeholders, the strength of the relationships with other stakeholders, types of project
delivery systems, types of contractual terms, and previous experience of the
respondent company with sustainable building certification. Each case is reported in
detail followed by the compiled data analysis.

5.3 Analysis of the Compiled Data
5.3.1 Descriptive Statistics
The empirical analysis started with a contingency analysis of sustainable
building standards and stakeholders’ previous work collaboration and exposure to
sustainable building standards. Three dependent variables (dichotomous variables) in
the analysis were: whether a project was LEED certified or not, whether a project was
Energy Star certified or not, and whether a project was either LEED or Energy Star
certified or not. There were 21 independent variables (18 dichotomous variables, with
0 indicating having no experience, 1 indicating having previous experience, and 3
ordinal variables indicating the number of stakeholders that had previous exposure to
sustainable building programs (Table 4).
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Table 3. Variables and variable description
Variable
LEED
Energy Star
Green building standards
Developer x Owner
Developer x Architect
Developer x GC
Owner x Architect
Owner x GC
Architect x GC
Number of stakeholders
with exposure to LEED
Number of stakeholders
with exposure to Energy
Star
Number of stakeholders
with exposure to green
building standards
Developer’s exposure to
LEED
Owner’s exposure to
LEED
Architect’s exposure to
LEED
GC’s exposure to LEED
Developer’s exposure to
Energy Star
Owner’s exposure to
Energy Star
Architect’s exposure to
Energy Star
GC’s exposure to Energy
Star
Developer’s exposure to
green building standards

Variable description
Outcome of building project in terms of achieving LEED certification
0=non-LEED certified, 1=LEED certified
Outcome of building project in terms of achieving Energy Star
certification
0=non-Energy Star certified, 1=Energy Star certified
Outcome of building project in terms of achieving green building
standards (LEED or Energy Star)
0=neither LEED nor Energy Star certified, 1=LEED or Energy Star
Previous work collaboration of a developer and an owner
0=no previous collaboration, 1=previous collaboration
Previous work collaboration of a developer and an architect
0=no previous collaboration, 1=previous collaboration
Previous work collaboration of a developer and a general contractor
0=no previous collaboration, 1=previous collaboration
Previous work collaboration of an owner and an architect
0=no previous collaboration, 1=previous collaboration
Previous work collaboration of an owner and a general contractor
0=no previous collaboration, 1=previous collaboration
Previous work collaboration of an architect and a general contractor
0=no previous collaboration, 1=previous collaboration
The number of stakeholders (among a developer, an owner, an
architect, a general contractor) that previously worked on LEED
certified projects
0: none – 4: all of them were exposed
The number of stakeholders (among a developer, an owner, an
architect, a general contractor) that previously worked on Energy Star
certified projects
0: none – 4: all of them were exposed
The number of stakeholders (among a developer, an owner, an
architect, a general contractor) that previously worked on either LEED
or Energy Star certified projects
0: none – 4: all of them were exposed
Developer’s previous exposure to LEED certification
0=no, 1=yes
Owner’s previous exposure to LEED certification
0=no, 1=yes
Architect’s previous exposure to LEED certification
0=no, 1=yes
General contractor’s previous exposure to LEED certification
0=no, 1=yes
Developer’s previous exposure to Energy Star certification
0=no, 1=yes
Owner’s previous exposure to Energy Star certification
0=no, 1=yes
Architect’s previous exposure to Energy Star certification
0=no, 1=yes
General contractor’s previous exposure to Energy Star certification
0=no, 1=yes
Developer’s previous exposure to either LEED or Energy Star
certifications
0=no, 1=yes
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Owner’s exposure to
green building standards
Architect’s exposure to
green building standards
GC’s exposure to green
building standards

Owner’s previous exposure to either LEED or Energy Star
certifications
0=no, 1=yes
Architect’s previous exposure to either LEED or Energy Star
certifications
0=no, 1=yes
General contractor’s previous exposure to either LEED or Energy Star
certifications
0=no, 1=yes

The data set started with a total of 205 building project cases for both new
construction and renovation. I combined new construction with renovation because of
the following reasons: 1) similarity in new construction and major renovation projects
in terms of the scale of projects, the project process, and the challenges for adopting
sustainable practices, 2) non-distinguished Energy Star certification for new or
existing buildings, and 3) the limited number of cases. Among them, 28 cases had
information for all of the involved stakeholders: developer, owner, architect and
general contractor, and 3 of the 28 cases were LEED certified. All of the projects had
at least one or more stakeholder(s) who had not had previous LEED experience. Each
observation was independent since each observation indicated an independent single
building project. However, this 3x2 contingency table did not meet the other
assumption for using chi-square - more than 20 percent of the expected cell counted
less than 5 and two cells counted 0 (Yates, Moore, & McCabe, 1999, p. 734).
Therefore, The result of Fisher’s Exact Test was not significant, which indicates that
there was no significant difference in the likelihood of achieving LEED certification
for projects with LEED experienced stakeholders and achieving certification with nonLEED experienced stakeholders.
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Number of Stakeholders' exposure to LEED

Table 4. Contingency Table of LEED certified buildings by the number of stakeholders with
previous LEED exposure
Count 0
Total %
Col %
Row %
0

1

2

LEED
1

19
3
67.86 10.71
76.00 100.00
86.36 13.64
5
0
17.86
0.00
20.00
0.00
100.00
0.00
1
0
3.57
0.00
4.00
0.00
100.00
0.00
25
3
89.29 10.71

22
78.57

5
17.86

1
3.57

28

Table 5. Test statistics of LEED certified buildings by the number of stakeholders with
previous LEED exposure
N
28

DF
-LogLike RSquare (U)
2 0.77123729
0.0809

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
1.542
0.4624
Pearson
0.916
0.6324
Warning: 20% of cells have expected count less than 5,
ChiSquare suspect.
Warning: Average cell count less than 5, LR ChiSquare
suspect.
Fisher's Exact Test

Table Two-sided
Probability (P) Prob ≤ P
0.470085
1.0000
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For the level of Energy Star experience, 28 cases out of the 205 projects had
information for all of the involved stakeholders, and 5 projects out of the 28 cases
were Energy Star certified. With significance level of 0.05, is the data revealed a
significance difference in the probability of achieving Energy Star depending on
participating stakeholders’ previous exposure to Energy Star (Fisher’s exact test,
0.0319). When none of the stakeholders had had exposure to Energy Star before
entering the project, 3 projects out of 21 projects (14.29%) were Energy Star certified,
whereas, when 2 stakeholders had previous experience working on Energy Star
certified project(s), both of the projects (100%) were Energy Star certified. However,
5 out of 5 projects (100%) were non-Energy Star certified (even) when one
stakeholder had had previous exposure to Energy Star. This showed a mixed influence
of stakeholders’ exposure to Energy Star on the project outcome in terms of achieving
Energy Star certification/status.
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Number of Stakeholders' exposure to
Energy Star

Table 6. Contingency Table of Energy Star certified buildings by the number of stakeholders
with previous Energy Star exposure
Count 1
Total %
Col %
Row %
0

Energy Star
0

3
18
10.71 64.29
60.00 78.26
14.29 85.71
0
5
0.00 17.86
0.00 21.74
0.00 100.00
2
0
7.14
0.00
40.00
0.00
100.00
0.00
5
23
17.86 82.14

1

2

21
75.00

5
17.86

2
7.14

28

Table 7. Test statistics of Energy Star certified buildings by the number of stakeholders with
previous Energy Star exposure
N
28

DF
2

-LogLike RSquare (U)
4.5257271
0.3445

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
9.051
0.0108*
Pearson
10.470
0.0053*
Warning: 20% of cells have expected count less than 5,
ChiSquare suspect.
Warning: Average cell count less than 5, LR ChiSquare
suspect.
Fisher's Exact Test

Table Two-sided
Probability (P) Prob ≤ P
0.013533
0.0319*
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The contingency analysis for green building standards combined both LEED
and Energy Star data. According to Fisher’s exact test, the two-sided probably was
0.1556, which indicated no significance difference in achieving green building
standards depending on the number of stakeholders that had been exposed to green
building standards

Number of stakeholders' exposure to green
building standards

Table 8. Contingency Table of certified green buildings by the number of stakeholders
exposed to green building programs
Green Bldg Standards
1
Count 0
Total %
Col %
Row %
0
17
3
20
60.71 10.71 71.43
77.27 50.00
85.00 15.00
1
4
1
5
14.29
3.57 17.86
18.18 16.67
80.00 20.00
2
1
2
3
3.57
7.14 10.71
4.55 33.33
33.33 66.67
22
6
28
78.57 21.43

Table 9. Test statistics of certified green buildings by the number of stakeholders exposed to
green building programs
N
28

DF
2

-LogLike RSquare (U)
1.6824991
0.1156

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
3.365
0.1859
Pearson
4.143
0.1260
Warning: 20% of cells have expected count less than 5,
ChiSquare suspect.
Warning: Average cell count less than 5, LR ChiSquare
suspect.
Fisher's Exact Test

Table Two-sided
Probability (P) Prob ≤ P
0.045389
0.1556
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A detailed frequency table of LEED, Energy Star, and green building programs
(LEED and Energy Star) shows the breakdown of cases that achieved LEED or
Energy Star ratings. The breakdown shows achievement of LEED certification
depending on the stakeholders’ previous work collaboration and previous exposure to
LEED programs. Regarding stakeholders’ previous work collaboration, 6 different
combinations were possible: developer-owner, developer-architect, developer-general
contractor, owner-architect, owner-general contractor, and architect-general
contractor. “0” indicates no previous collaboration while “1” indicates the existence of
their previous collaboration on any projects regardless of their level of achievement
with sustainability (Tables 10-12). There are cases that give different signals of
association between stakeholders’ previous collaboration and exposure to green
building standards. For example, two out of 11 cases achieved LEED certification
without any stakeholders’ previous work collaboration or previous exposure to LEED.
Two out of two cases did not achieve LEED certification when stakeholders had no
previous work collaboration but a general contractor had had previous exposure to a
LEED program. On the other hand, a project on which a developer and a general
contractor had previously worked together but on which no stakeholder had been
exposed to LEED achieved LEED certification. Similarly, Energy Star certified
buildings were related to different stakeholders’ work relations (developer-general
contractor and architect-general contractor). Also, the general contractor’s exposure to
Energy Star program showed mixed signals regarding the possible impact of this
exposure on the achievement of Energy Star certification.
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Architect x GC

Owner x GC

0

0

0

0

Architect's
exposure
to LEED
Architect's
exposure
to LEED
Architect's
exposure
to LEED
Architect's
exposure
to LEED

Architect's
0 exposure
to LEED

0

0

0

0

1

0

0

0

Owner's exposure to LEED

0

Developer's exposure to
LEED

Developer's
Owner's
Architect's
Architect
1
0 exposure
0 exposure 0 exposure 0
x GC
to LEED
to LEED
to LEED
Architect's
1 exposure 0
to LEED

Architect x GC

0

Owner x GC

0

Owner x Architect

0

Developer x GC

Owner x Architect

Developer's
Owner's
Developer
Developer
Owner x
Owner
Architect
1
0
0
0
0
0 exposure
0 exposure
x Architect
x GC
Architect
x GC
x GC
to LEED
to LEED
Developer's
Owner's
Owner x
Owner
Architect
1
1
1
1 exposure
0 exposure
Architect
x GC
x GC
to LEED
to LEED
Developer
1
Developer's
Owner's
x GC
Owner x
Owner
Architect
0
0
0
0 exposure
0 exposure
Architect
x GC
x GC
to LEED
to LEED
Owner's
1 exposure
to LEED
Developer's
1
0
0
0 exposure
Owner's
to LEED
0 exposure
to LEED
0

Developer x Architect

Developer x Owner

Table 10. Frequency table for LEED certification and stakeholders’ previous collaboration
and exposure to LEED

1
Architect's
0 exposure
to LEED

0

-All-

Total
Freq
LEED
Share
Responses
1
0
GC's
0
3
3
0.0% 100.0%
exposure 0
to LEED
0
2
2
GC's
0.0% 100.0%
exposure 0
to LEED
GC's
0
2
2
0.0% 100.0%
exposure 0
to LEED
GC's
0
1
1
exposure 1
0.0% 100.0%
to LEED
GC's
0
1
1
exposure 0
0.0% 100.0%
to LEED
1
0
1
GC's
0.0%
exposure 0 100.0%
to LEED
GC's
0
1
1
exposure 0
0.0% 100.0%
to LEED
0
1
1
GC's
exposure 0
0.0% 100.0%
to LEED
0
1
1
GC's
0.0% 100.0%
exposure 0
to LEED
0
2
2
GC's
1
0.0% 100.0%
exposure
2
11
13
to LEED 0
15.4% 84.6%
3
25
28
10.7% 89.3%

0

0

Owner's exposure to
Energy Star

Developer's exposure to Energy
Star

0

0

0

0

0

0

Architect's
exposure
to Energy
Star
Architect's
exposure
to Energy
Star
Architect's
exposure
to Energy
Star
Architect's
exposure
to Energy
Star

Architect's
exposure
to Energy
Star

Freq
Share
GC's
exposure
0
0
to Energy

0

0

0

1

0

Developer's
Owner's
Architect's
Architect
exposure
exposure
exposure
0
0
0
0
x GC
to Energy
to Energy
to Energy
Star
Star
Star

Developer's
exposure
0
0
to Energy
Star

-All-
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Owner's exposure to
Energy Star

0

Owner x GC

0

Architect x GC

0

Architect x GC

Owner x GC

0

1

Owner x Architect

0

Developer x GC

0

1

Owner x Architect

Developer's
Owner's
Developer
Developer
Owner x
Owner
Architect
exposure
exposure
1
0
0
0
0
0
0
x Architect
x GC
Architect
x GC
x GC
to Energy
to Energy
Star
Star
Developer's
Owner's
Owner x
Owner
Architect
exposure
exposure
1
1
1
1
0
Architect
x GC
x GC
to Energy
to Energy
Developer
Star
Star
1
x GC
Developer's
Owner's
Owner x
Owner
Architect
exposure
exposure
0
0
0
0
0
Architect
x GC
x GC
to Energy
to Energy
Star
Star
Owner's
exposure
1
to Energy
Star

Developer x Architect

Developer x Owner

Table 11. Frequency table for Energy Star certification and stakeholders’ previous
collaboration and exposure to Energy Star

Architect's
exposure
0
to Energy
Star

1

0

Star
GC's
exposure
to Energy
Star
GC's
exposure
to Energy
Star
GC's
exposure
to Energy
Star
GC's
exposure
to Energy
Star
GC's
exposure
to Energy
Star
GC's
exposure
to Energy
Star
GC's
exposure
to Energy
Star
GC's
exposure
to Energy
Star

0

0

1

0

1

0

1

1
0

Total
Energy Star
Responses
1
0
0
3
3
0.0% 100.0%

0
2
0.0% 100.0%

2

0
2
0.0% 100.0%

2

1
100.0%

0
0.0%

1

0
1
0.0% 100.0%

1

0
1
0.0% 100.0%

1

0
1
0.0% 100.0%

1

1
100.0%

0
0.0%

0
3
0.0% 100.0%
3
10
23.1% 76.9%
5
23
17.9% 82.1%

1

3
13
28

Table 12. Frequency table for certified green buildings and stakeholders’ previous
collaboration and exposure to green building programs

Developer's exposure to green
bldg standards

Owner's
exposure to
1
green bldg
standards

Owner's
exposure to
0
green bldg
standards

Developer's
Owner's
exposure
Architect
exposure to
0 to green
0
x GC
green bldg
bldg
standards
standards

0

0

-All-

Owner's exposure to green bldg
standards

0

0

Developer's exposure to green bldg
standards

0

Owner x GC

0

Architect x GC

0

Architect x GC

Owner x GC

Owner x Architect

0

1

Owner x Architect

0

Developer x GC

0

1

Developer x Architect

Developer x Owner

Developer x GC

Developer's
Owner's
exposure
Developer
Developer
Owner x
Owner
Architect
exposure to
1
0
0
0
0
0 to green
0
x Architect
x GC
Architect
x GC
x GC
green bldg
bldg
standards
standards
Developer's
Owner's
exposure
Owner x
Owner
Architect
exposure to
1
1
1
1 to green
0
Architect
x GC
x GC
green bldg
bldg
standards
standards
1
Developer's
Owner's
exposure
Owner x
Owner
Architect
exposure to
0
0
0
0 to green
0
Architect
x GC
x GC
green bldg
bldg
standards
standards

0

0

0

0

Architect's
exposure
to green
bldg
standards
Architect's
exposure
to green
bldg
standards
Architect's
exposure
to green
bldg
standards
Architect's
exposure
to green
bldg
standards

Total
Freq Green Bldg Standards
Share
Responses
1
0
0
3
3
GC's exposure
0.0% 100.0%
0 to green bldg 0
standards

GC's exposure
0 to green bldg 0
standards

GC's exposure
0 to green bldg 0
standards

GC's exposure
0 to green bldg 1
standards

GC's exposure
Architect's
1 to green bldg
exposure
standards
0 to green
bldg
GC's exposure
standards 0 to green bldg
standards
Architect's
exposure
GC's exposure
0 to green
0 to green bldg
bldg
standards
standards
Architect's
exposure
GC's exposure
1 to green
0 to green bldg
bldg
standards
standards
GC's exposure
Architect's 1 to green bldg
exposure
standards
0 to green
GC's exposure
bldg
standards 0 to green bldg
standards

0

1

0
0.0%

2
100.0%

2

0
0.0%

2
100.0%

2

1
100.0%

0
0.0%

1

0
0.0%

1
100.0%

1

1
100.0%

0
0.0%

1

0
0.0%

1
100.0%

1

0
0.0%

1
100.0%

1

1
100.0%
0
0.0%
0
0.0%
3
25.0%
6
21.4%

0
0.0%
1
100.0%
2
100.0%
9
75.0%
22
78.6%

1

0

1

1
0
1
0

1
2
12
28

5.3.2 Inferential Statistics
In order to find the impact of work relation/collaboration and previous
exposure to green building standards on the achievement of green building program
status in a project, I analyzed three response variables (LEED or non-LEED, Energy
Star or non-Energy Star, and green certified or not) by applying each exploratory
variable: 6 combinations of stakeholders’ previous work collaboration and each
stakeholder’s previous exposure to LEED, Energy Star, or green building programs,
respectively. The different combinations have different sample sizes, since all of the
available cases depending on the exploratory variables were included. For instance,
the contingency analysis of LEED and any previous collaboration between a developer
and an owner had a total of 55 cases. The summary (Tables 13-15) shows the sample
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size, likelihood ratio, Fisher’s exact test statistics, and odds ratios. Projects on which a
developer and a general contractor had previous work relation/collaboration had a
greater chance to achieve LEED certification than those on which a developer and a
general contractor had had no previous work collaboration; however, this association
was not significant (p=0.40). Also, the likelihood of achieving LEED increased for
projects when an involved general contractor had had previous exposure to LEED than
when the general contractor had not. This relation was also not significant (p=0.36).
The association between achieving Energy Star and an architect’s exposure to
Energy Star was significant – the likelihood of achieving Energy Star was greater for
projects with architects who had had no previous exposure to Energy Star than it was
for those with architects who had had such exposure (p=0.09). Having previous work
collaboration between a developer and a general contractor resulted in a higher chance
of achieving green building certification, however, this relationship was not significant
(p=0.22). Additionally, even though there was a greater probability of acquiring
sustainable building certification when a developer, an architect, or a general
contractor had previously worked on sustainable building standards than when they
had not, this previous experience was not statistically significant (p=0.27, 0.15, 0.20
respectively).
Table 13. A summary of the contingency analysis of LEED certified buildings by various
factors
Contingency Analysis
Likelihood ratio

LEED x number of stakeholders
with exposure to LEED
LEED x previous collaboration of
developer and owner
LEED x previous collaboration of
developer and architect
LEED x previous collaboration of
developer and general contractor

Chi Square

Prob>ChiS
q

Odds
ratio
(95% CI)

Fisher’s
exact test
two-sided
prob ≤ P

2

1.542

0.4624

.

1.0000

55

1

1.310

0.2524

0

1.0000

75

1

0.686

0.4074

0

1.0000

33

1

0.692

0.4054

3.25
(0.2363,
44.6914)

0.3996

Sample
size (N)

DF
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LEED x previous collaboration of
owner and architect
LEED x previous collaboration of
owner and general contractor
LEED x previous collaboration of
architect and general contractor
LEED x developers with previous
exposure to LEED
LEED x owners with previous
exposure to LEED
LEED x architects with previous
exposure to LEED
LEED x general contractors with
previous exposure to LEED

110

1

0.773

0.3791

0

1.0000

53

1

0.613

0.4337

0

1.0000

60

1

0.354

0.5517

0

1.0000

84

1

0.098

0.7540

0

1.0000

133

1

0.125

0.7241

0

1.0000

160

1

0.588

0.4430

0

1.0000

60

1

0.746

0.3877

3.1875
(0.2845,
35.7064)

0.3630

Table 14. A summary of the contingency analysis of Energy Star certified buildings by various
factors
Contingency Analysis
Likelihood ratio

Fisher’s
exact test
two-sided
prob ≤ P

Chi Square

Prob>ChiS
q

Odds
ratio
(95%)

2

9.051

0.0108

.

0.0319*

55

1

0.140

0.7087

1.4074
(0.2427,
8.1602)

0.6538

75

1

1.991

0.1582

0

0.5835

33

1

0.101

0.7505

110

1

0.003

0.9590

53

1

1.746

0.1864

0

0.5671

60

1

0.996

0.3184

0

1.0000

Energy Star x developers with
previous exposure to Energy Star

84

1

1.634

0.2012

Energy Star x owners with
previous exposure to Energy Star

133

1

0.049

0.8249

Energy Star x architects with
previous exposure to Energy Star

160

1

2.792

0.0947

Energy Star x general contractors
with previous exposure to Energy
Star

60

1

0.780

0.3772

Energy Star x number of
stakeholders with exposure to
Energy Star
Energy Star x previous
collaboration of developer and
owner
Energy Star x previous
collaboration of developer and
architect
Energy Star x previous
collaboration of developer and
general contractor
Energy Star x previous
collaboration of owner and
architect
Energy Star x previous
collaboration of owner and general
contractor
Energy Star x previous
collaboration of architect and
general contractor

Sample
size (N)

DF

28

73

1.5
(0.1316,
17.0992)
0.9432
(0.1003,
8.8697)

7.2
(0.4166,
124.4266)
0.7879
(0.0903,
6.8756)
3.96
(0.8778,
17.8657)
2.05
(0.4357,
9.6463)

1.0000
1.0000

0.2461
1.0000
0.0898*
0.3916

Table 15. A summary of the contingency analysis of green certified buildings by various
factors
Contingency Analysis
Likelihood ratio

Green bldg. standards x number of
stakeholders with exposure to
Green bldg. standards
Green bldg. standards x previous
collaboration of developer and
owner
Green bldg. standards x previous
collaboration of developer and
architect
Green bldg. standards x previous
collaboration of developer and
general contractor
Green bldg. standards x previous
collaboration of owner and
architect
Green bldg. standards x previous
collaboration of owner and general
contractor
Green bldg. standards x previous
collaboration of architect and
general contractor
Green bldg. standards x
developer’s previous exposure to
Green bldg. standards
Green bldg. standards x owners
with previous exposure to Green
bldg. standards
Green bldg. standards x architects
with previous exposure to Green
bldg. standards
Green bldg. standards x general
contractors with previous exposure
to Green bldg. standards

Chi Square

Prob>ChiS
q

Odds
ratio
(95%)

Fisher’s
exact test
two-sided
prob ≤ P

2

3.365

0.1859

.

0.2668

55

1

0.054

0.8161

1.2333
(0.2151,
7.0699)

1.0000

75

1

2.189

0.1390

0

0.5811

33

1

1.597

0.2064

110

1

0.010

0.9189

53

1

1.904

0.1676

0

0.5572

60

1

1.084

0.2979

0

1.0000

84

1

1.479

0.2239

133

1

0.193

0.6605

160

1

1.849

0.1739

60

1

2.346

0.1256

Sample
size (N)

DF

28

4
(0.5003,
31.9813)
0.8913
(0.0929,
8.3687)

6.4546
(0.3757,
110.8765)
0.6335
(0.0743,
5.4040)
2.9319
(0.6824,
12.5963)
3.28
(0.7426,
14.4873)

0.2162
1.0000

0.2668
1.0000
0.1490
0.1928

After conducting contingency analysis of the response variables and each
independent variable, I selected and compared the models by conducting a stepwise fit
for LEED certified buildings and stakeholders’ collaboration and previous exposure to
LEED programs. Forward and backward stepwise procedures were conducted by
using p-value threshold (probability to enter: 0.25 and probability to leave: 0.10),
minimum AICc (the corrected Akaike Information Criterion), and minimum BIC (the
Bayesian Information Criterion). The best-fitted logistic model to test the research
hypothesis was conducted using JMP Pro version 11 in a Macintosh environment. The
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results show that the best-fitted model for Energy Star certification included an
architect’s previous exposure to Energy Star. The simple logistic regression model is
as follows:
logit (y) = ln (odds (x)) = ln (π /1- π ) = β0+β1x

...............(1)

where π = Probability (y=1|x)
so, odds(x) = eβ0+β1x, odds(x+1) = eβ1*odds (x).
Therefore, odds ratio = odds(x+1)/odds(x) = eβ1,
π = eβ0+β1x/ (1+ eβ0+β1x)

................(2)

In other words, π is the probability of the outcome of interest (achieving green
building certification in this study), β0 is the y intercept, β1 is the regression
coefficient, and e (=2.71828) is the base of the natural logarithm. In inferential
statistics,
H0: β1=0 (in other words, eβ1=1).
A rejection of this null hypothesis implies that β1 is not equal to zero, which means
that the logistic regression predicts the probability of the outcome better than the mean
of the dependent variable y (β0). The analysis result can be expressed as follows:
Predicted logit of (Energy Star) = -1.8871 + (1.3764)*Architect’s exposure to
Energy Star

...............(3)

According to the model, the log of odds of achieving Energy Star certification in a
building project was positively associated with architect’s previous experience with
Energy Star certified projects (p=0.07). A project on which an architect had previously
worked on Energy Star certified projects was more likely to achieve Energy Star
certification. Specifically, the odds ratio of 3.96 (= e1.3764) represented that the odds of
a project achieving Energy Star certification when an architect had previously worked
on Energy Star certified projects were 3.96 times greater than the odds for a project
without an architect’s previous experience on an Energy Star project. Similarly, an
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architect’s previous exposure to green building standards, either LEED or Energy Star,
was a predictor for achieving either of the green building standards (p=0.15), although
any correlation between achieving LEED certification and an architect’s exposure to
LEED was not significant.
Predicted logit of (Green building standards) = -1.7688 + (1.0756)*Architect’s
exposure to green building standards

...............(4)

The relationship between achieving green building standards and an architect’s
exposure to the standards is similar to relationship with the Energy Star model. In
other words, the odds of achieving either LEED or Energy Star certification when an
architect had worked on either of the two certifications were 2.93 times greater than
the odds for a project when an architect had had work experience on neither of them.
Additionally, a general contractor’s previous experience on either LEED or Energy
Star certified projects was positively related to achieving either of the two
certifications.
Predicted logit of (Green building standards) = -1.4110 + (1.1878)*General
contractor’s exposure to green building standards

.........(5)

When a participating general contractor had had previous experience on either LEED
or Energy Star certified projects, project was more likely to be certified as either of
them. The odds of achieving green building standards when general contractor had
had experience were 3.29 times greater than the odds of a project being certified as
green without the general contractor’s green related experience. One thing that needs
to be noticed here is the different sample sizes in the models (Tables 16-18). This is
because the data set included some missing values among the total of 205 projects.
There were 160 projects that had involved architects’ information, whereas, only 60
projects had information about general contractors.
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Table 16. Logistic regression analysis of 160 building projects for achieving Energy Star
certification
Predictor
Constant
Architect’s exposure to Energy Star
(1=yes, 0=no)

eβ

β

SE (β)

Wald’s χ2

df

p

-1.8871

0.2399

9.73

1

0.0018

NA

1.3764

0.7687

3.21

1

0.0734

3.9600

χ2

df

p

value

2.79

1

0.0947

Test
Overall model evaluation
Likelihood ratio test
Goodness-of-fit test
R2
AICc
BIC

(odds ratio)

0.0212
133.0320
139.1060

Table 17. Logistic regression analysis of 160 building projects for achieving green building
certifications (either LEED or Energy Star)
Predictor
Constant
Architect’s exposure to green
building standards (1=yes, 0=no)

eβ

β

SE (β)

Wald’s χ2

df

p

-1.7688

0.2307

10.96

1

0.0009

NA

1.0756

0.7438

2.09

1

0.1481

2.9318

χ2

df

p

value

1.85

1

0.1739

Test
Overall model evaluation
Likelihood ratio test
Goodness-of-fit test
R2
AICc
BIC

(odds ratio)

0.0133
140.9150
146.9890

Table 18. Logistic regression analysis of 60 building projects for achieving green building
certifications (either LEED or Energy Star)
Predictor
Constant
General contractor’s exposure to
green building standards (1=yes,
0=no)

eβ

β

SE (β)

Wald’s χ2

df

p

-1.4110

0.3527

4.65

1

0.0311

NA

1.1878

0.7579

2.46

1

0.1170

3.2800

χ2

df

p

value

2.35

1

0.1256

Test
Overall model evaluation
Likelihood ratio test
Goodness-of-fit test
R2
AICc
BIC

(odds ratio)

0.0360
67.0574
71.0356

The overall model evaluation was conducted based on a likelihood ratio test.
This resulted in a full model that included the intercept and the effects of an architect’s
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exposure to Energy star and that predicted the response variable (achieving Energy
Star) better than the reduced model, which included only the intercept (p=0.09). R2
represented the ratio of the difference in the negative log-likelihood values of the
reduced and full models compared to the negative log-likelihood value in the reduced
model. Therefore, the range of R2 is zero to 1, with zero being no improvement of the
full model from the reduced model only with the intercept, and 1 being a perfect fit.
However, occasionally, the logistic regression has a high R2 value (JMP chapter 10
Fitting Linear Models, p. 375). The values of R2 for the three models above were not
high, ranging only from 0.01 to 0.03, and among the three models, a general
contractor’s previous exposure to green building standards made the most
improvement (R2=0.04). It should be noted that the corrected Akaike Information
Criterion (AICc) and the Bayesian Information Criterion (BIC) are reported as
indicators of the goodness-of-fit, which takes into account the effect of including the
number of predictors in the model. The smaller the AICc and the BIC, the better the
goodness-of-fit. These criteria were used for model comparison along with other
indicators for goodness-of-fit. The Hosmer-Lemeshow (H-L) test, a Pearson chisquare statistic, was not reported here, because one of the two conditions for H-L test
statistics was not met. The expected frequencies in the H-L table were smaller than 5
in more than 90 percent of the cells.
The Receiver Operating Characteristic (ROC) curve is a plot of sensitivity for
each value of x. Sensitivity is the true positive (hit) rate - the probability that the
model correctly predicts when the condition does exist. Specificity is the false positive
(false alarm, Type I error) rate - the probability that a test correctly predicts when the
condition does not exist. The model is perfectly sensitive when the ROC curve passes
the point (0,1), whereas, the model has no discriminating ability when the ROC curve
follows the diagonal of the grid (DeLong, DeLong & Clarke-Pearson, 1988).
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According to the ROC curves in this study, the logistic regression of green building
standards by a general contractor’s exposure to green building standards was more
sensitive than the model with an indicator of an architect’s exposure (Figures 13 &
14). No interaction was detected.
1.00
0.90
0.80

True Positive
Sensitivity
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0.30
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1-Specificity
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Using Energy Star='1' to be the positive level

Figure 13. The ROC curve for the Energy Star model with an architect’s exposure to
Energy Star
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Figure 14. The ROC curve for the green building standards model with an architect’s
exposure to green building standards
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Figure 15. The ROC curve for the green building standards model with a general contractor’s
exposure to green building standards

The analysis tested the hypotheses stated in Chapter 3. The first hypothesis was
accepted in the data set for Energy Star and green building standards (both LEED and
Energy Star), while no significant difference existed between the number of
stakeholders that had previously worked on LEED projects and achieving LEED
certification for a project. Projects with more organizations that had been exposed to
sustainable building projects resulted in a higher chance of achieving Energy Star
certification and green building standards.
It was also found that certain stakeholders were more influential on the project
outcome. Architects who had had previous exposure to Energy Star certified projects
were most influential in the adoption of sustainable building practices than were other
stakeholders. Architects’ previous exposure to green building standards also increased
the likelihood of achieving sustainable building certification (LEED or Energy Star).
Additionally, the odds of achieving green building standards increased when a general
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contractor had previously worked on projects with green building standards (LEED or
Energy Star). However, there was no significant difference in the sustainable outcome
for a building project depending on other stakeholders’ previous experience with
LEED or Energy Star. The outcomes indicate the importance of the architects’ and
general contractors’ previous exposure to sustainable building projects in the adoption
of sustainable practices. However, stakeholders’ previous work collaboration did not
show a significant difference in whether or not any project is likely to adopt green
building standards. There was not enough evidence to support the third hypothesis that
previous work collaboration is positively related to the adoption of sustainable
building practices.

5.4 Cases from the Survey
A total of six companies completed the survey, and each company responded
to the survey regarding each project (Table 19).
Case 1 (building A). It is the new construction of commercial office building
with a size of around 850,000 square feet (SF) completed in 2001. It is privately
owned with no support from city agency and achieved Energy Star. The architect had
worked on five other Energy Star projects, which are 1,000,000 square feet and 200
million dollar projects on average, before starting this project. However, the architect
had no previous experience on LEED projects. Building A project had a lump-sum
contract for an architect and was delivered by a construction management at risk
method with a cost-plus-fee contract for a contractor. The architect had worked on five
other projects with the same contractor before starting this project and had a somewhat
strong (4 out of 5 Likert scale) perceived relationship with the contractor.
The respondent, an architect in this project, had worked with the owner of the building
in 4 different projects before this particular project. The architect perceived a very
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close/strong tie with the owner (5 out of 5 Likert scale). And the architect initially
proposed the idea of pursuing Energy Star certification in the stage of conceptual
design to reduce energy cost and improve productivity of occupants.
Case 2 (building B). The second case was a newly constructed commercial
office building (28,000 SF) with a public and private ownership, built in 2008. The
respondent, an architect of this project worked with neither the owner nor the
contractor before starting this project but had a very strong perceived tie with the
owner as well as the contractor. The architect had worked on two other LEED projects
before this project. The building B received LEED Gold and the owner initially
proposed the adoption of LEED program for the following reasons: 1) local zoning
allowed for increased density and story to the project; 2) reduced energy cost; and 3)
increased productivity of occupants. The owner adopted the idea of LEED program in
early design stage, conceptual design, and took a design-bid-build project delivery
method with lump-sum contract with both the architect and the contractor. The owner
had a strong motivation and incentive to adopt LEED program and hired the architect
with moderate previous experience on LEED program.
Case 3 (building C). It is a newly constructed commercial office building with
about 300,000 SF with a private ownership, built in 2006. The respondent was the
architect of this project and had much experience on LEED project but not on Energy
Star: ten LEED projects before this project. The architect reported that they had
neither strong nor weak relationship with the owner although the architect and the
owner had worked on three projects together. The architect also reported neither
strong nor weak tie with the construction management company involved in the
project, whom the architect worked with on a previous project before starting this
project. The building achieved LEED CI (commercial interior) and Energy Star with
94 points and the owner initiated adoption of both LEED and Energy Star, which were
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mandated by a tenant. It used construction management at risk as a project delivery
method and a lump-sum contractual relationship with the architect.
Case 4 (building D). This project was new construction of a privately owned
commercial office building with 400,000 SF with 100 million dollars, built in 2013.
The respondent was a developer who had worked on two previous Energy Star
certified projects before this project and the average of these projects was 400,000 SF
with 35 million dollars but never exposed to LEED projects. The developer reported a
very strong relationship with all of the involved stakeholders (owner, architect,
contractor), yet the developer had no previous work collaboration with any of those
stakeholders. The project delivery method was construction management at risk with
guaranteed maximum price. The project achieved LEED Gold and the developer
initiated LEED program originally in the conceptual design stage because the client
(the owner of the project) mandated LEED program to increase energy efficiency.
Case 5 (building E). The fifth case was a renovation of a privately owned
commercial building with 330,000 SF. The owner and the developer of the project was
the same, who also responded this survey. Its previous work history is unknown but
the respondent reported that they had somewhat weak relationship (2 out of 5) with an
architect while having a very strong relationship with a general contractor. The owner
(also the developer of this project) had no previous experience on any sustainable
building practices such as LEED or Energy Star. The project was delivered with
design-bid-build method. The project did not achieve any sustainable building
certification.
Case 6 (building F). It was a newly constructed, privately owned commercial
office building with 425,000 SF, completed in 2014. The respondent served as the
owner as well as the developer of this project. The owner reported somewhat strong
relationship (4 out of 5) with an architect, who they had worked on 5 other projects
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together before this project. The owner also reported a very strong relationship (5 out
of 5) with a general contractor and they had more than 11 projects before this project.
The owner chose guaranteed maximum price (GMP) with the general contractor,
while the architect has a lump-sum contract with the owner. The owner had many
experiences on sustainable building practices on both LEED and Energy Star on more
than 15 projects in total. The project achieved LEED Gold. The idea of adopting
LEED was initially proposed by the owner (also the developer) of this project in
schematic design stage, which is after conceptual design.
In sum, all buildings are located in the New York City metro area. Five
projects were privately owned, and one project was public and private. Five projects
were either LEED or Energy Star certified. Those five either LEED or Energy Star
certified projects had different reasons for achieving sustainable building
certifications, from mandatory requirements to increased productivity of occupants.
The reasons for adopting green building practices were different depending on which
stakeholder took an initiative role in adopting green practices. For example, an
architect took an initiative role for adopting green building practices because of
concerns for energy use/cost and productivity of the occupants. In this case, the
architect had a strong relationship with a developer and an owner, and the architect
also had had experience with green building practices in five previous projects.
Another architect, on the other hand, did not take an initiative role in adopting green
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Table 19. Summary of cases from the survey
Case

1

2

Project
type

New
construction

New
construction

Type
of
owner
-ship

Private

Public
&
Private

Green
building
certification
achieved

Energy
Star

LEED

LEED &
Energy
Star

3

New
construction

4

New
construction

Private

LEED

5

Renovation

Private

None

6

New
construction

Private

Private

LEED

Respondent’s role

Architect

Architect

Architect

Initiative
role for
adopting
green
practices

Designer

Owner

Reasons for
achieving green
building
certification

Energy use/cost,
Productivity of
occupants

Architect-Developer: 4, very
strong
Architect-Owner: 4, very strong
Architect-Construction
manager: 5, somewhat strong

Local zoning allowed
for increased density
and story to project,
Owner driven factor,
Energy use/cost,
Productivity of
occupants

Architect-Developer: 0, very
strong
Architect-Owner: 0, very strong
Architect-General contractor:
0, very strong

Owner

Mandated by tenants

Developer

Developer

Mandated by client
or state,
Owner driven factor,
Energy use/cost

Developer

NA

Developer
& Owner

Developer
& Owner

Work relations (the number of
previous collaborative projects,
the strength of tie)

NA

Owner driven factor
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Architect-Developer: 3, neither
strong nor weak
Architect-Owner: 3, neither
strong nor weak
Architect-Construction
manager: 1, neither strong nor
weak
Developer-Architect: 0, very
strong
Developer-General contractor:
0, very strong
Developer-Construction
manager: 0, very strong
Developer-Architect: somewhat
weak
Developer-General contractor:
very strong
Developer-Architect: 5,
somewhat strong,
Developer-General contractor:
more than 11, very strong

Previous exposure
(The number of
projects)
Green
building
LEED
practices

Project
delivery
system

Contractual
terms

0

CM at
Risk

Lump- sum with
an architect,
Cost plus fee
with a general
contractor

2

2

DesignBidBuild

Lump-sum with
an architect and
a general
contractor

10

10

CM at
Risk

Lump-sum with
an architect

2

0

CM at
Risk

Guaranteed
maximum price
with a general
contractor

0

0

DesignBidBuild

5

More
than
15

More
than
15

.

Lump-sum with
an architect,
Guaranteed
maximum price
with a general
contractor

building practices. This architect had had no previous work collaboration even though
the architect perceived that his/her company had a strong relationship with an owner,
or when an architect and an owner had previously collaborated but the architect
perceived the relationship as neither strong nor weak. For both cases, owners took an
initiative role to achieve green building certification.
When an owner initiated the idea of adopting sustainable building practices,
the utilization of the property was a concern regarding whether or not to adopt
sustainable building practices. In one instance, an owner initiated the adoption of
green building practices because local zoning allowed for increased density and stories
to a project provided that the project adopt green building practices. In another case,
an owner initiated green building practices only after knowing who would rent the
space and that the tenant required sustainable building practices. Energy use and cost
were also a part of the owner’s concern when he initiated the adoption of green
building practices, but they were not a major concern. However, like the case in which
green practices were required by the tenant, who may have been concerned about
energy use/cost and occupants productivity, the owner initiated green practices only
when there was a certainty of demand for sustainable building practices/features.
Interestingly, architects’ and developers’ perceived relationships with other
stakeholders did not necessarily correspond with their previous work collaboration, the
number of previous projects that they had worked together. At times, an owner and a
developer perceived that they had a very strong relationship/tie with other stakeholders
even though they had had not worked together on a project. One owner reported
neither strong nor weak ties with other stakeholders when they actually worked on
project(s) together. For a building that is not green certified, the developer had had no
experience with LEED or Energy Star, had had only a somewhat weak relationship
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with an architect, and had used DBB despite having had a very strong relationship
with a general contractor.
In the six cases, both ‘construction management at risk (CM at Risk)’ and
‘design-bid-build (DBB)’ were used and there was no apparent difference in the
characteristics of the cases regarding the use of different project delivery systems.
Architects had a lump-sum contract (fixed cost), while general contractors had
different contracts such as cost plus fee, guaranteed maximum price, and lump-sum.
Having different contractual terms reflects the concerns of the quality of work for
general contractors. However, various contractual terms rather than lump-sum are
used only in CM at Risk. Because of the nature of DBB, a method of lump-sum was
used for contracts between a developer (or an owner) and both an architect and a
general contractor.
In conclusion, closely looking at five green certified buildings (either LEED
and/or Energy Star) and one non-certified building, owners or developers took an
initiative role in adopting sustainable building practices for the benefits of the property
value and future assets regardless of their previous work collaboration or the strength
of their relationships with other stakeholders. In the case of an architect taking an
initiative role for adopting green building practices, the architect had frequently had
previous work collaboration with other stakeholders and a very strong relationship
with the owner and developer. Both CM at Risk and DBB were used as a project
delivery system. Architects had only a lump-sum contract, whereas general contractors
had different types of contracts such as cost plus fee and guaranteed maximum price,
which are usually beneficial for the quality of work and more productive working
relationships between an owner/developer and the general contractor.
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CHAPTER 6
DISCUSSION
6.1 Introduction
This study contributes to a greater understanding of which type of stakeholder
(or organization) generally tends to become an early adopter or an opinion leader, how
these early adopters and opinion leaders change within the certainty of demand when
voluntary, market-driven certification turns into a mandated requirement. The research
outcomes were derived by empirically testing the three hypotheses with a building
project as the unit of analysis. The statistical analysis was based on the data from a
number of building projects, both new construction and renovations, in the New York
metropolitan area between 1998 and 2013. The research sought to investigate the
associations 1) between the project sustainability outcome and the stakeholders’
previous experience on sustainable building practices and 2) between the project
sustainability outcome and the stakeholders’ previous collaborative work experience.
The outcome of this study suggests that there is different importance associated with
the roles of certain stakeholders to achieve sustainability in the building projects. This
chapter also discusses theoretical, methodological, and practical contribution and
limitations of the study. In the end, through reviewing the findings of the study in
relation to the proposed theoretical framework in chapter 3, it suggests future
directions for research to accelerate the adoption of sustainable innovation in the
building sector. The diffusion process of sustainable building practices in projectbased organizations in the building context can be expanded to other future
construction innovations, to other types of buildings such as hospital and schools, and
to other regions.

6.2 Summary and Discussion of the Results
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The results of the study provide empirical evidence for the following
statement: involvement of stakeholders who had previous experience on a similar
practice would result in more desirable project outcome. However, dissociation
between previous collaborative work experience and the desirable project outcome
may infer different messages from the literature supporting that trust built among
stakeholders through collaboration can yield more desirable project outcomes. The
first hypothesis was that the adoption of sustainable building practices in construction
projects is influenced by stakeholders’ previous exposure to sustainable building
projects. The hypothesis was supported as the number of stakeholders that had had
experience working on green building programs (LEED and Energy Star) was
positively related to achieving certification in these programs on later building
projects. There was a higher chance of achieving Energy Star certification when any
two stakeholders had had previous experience working on Energy Star certified
buildings. However, having only one stakeholder that had had previous experience
with the Energy Star program did not increase the likelihood of adopting the program
compared to when none of the stakeholders had had previous experience with the
program.
This led to further analysis for the second hypothesis, whether the role of
stakeholders made difference on the relationship between having only one stakeholder
with previous experience and adopting green practices. It was also hypothesized that
developers, owners, and architects who had had previous exposure to sustainable
building projects were more influential than general contractors in the adoption of
sustainable building practices. Further analysis of each stakeholder’s exposure to
LEED or Energy Star indicated that having an architect and a general contractor who
had previously worked on green building standards was more likely to result in
adopting green building standards. More specifically, a project with an architect who
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had previously worked for Energy Star certification before was more likely to adopt
the Energy Star program.
Stakeholders’ work collaboration was not positively associated with the
adoption of sustainable building practices; the third hypothesis was not supported.
There was no significant relationship between stakeholders, such as developers,
owners, architects, and general contractors, who had collaborated previously and the
adoption of green building programs.
The cases collected from the survey imply details of these relationships. The
cases from the survey reveal that architects can (or may) take an initiative role in
implementing sustainable building practices when they had previous work
collaboration before the current project with an owner and/or a developer and the
architect has a strong relationship with them. The architect in this study initiated the
adoption of green building practices for energy use and productivity of occupants. For
cases in which a developer or an owner initiated green building practices, their
concerns for sustainability were more the result of mandatory requirements and the
maximization of building assets.
Interestingly, developers’ and owners’ perceptions on the strength of
relationships with other stakeholders did not necessarily align with their previous work
collaboration. Some of them perceived that the relationship was neither strong nor
weak, even with previous collaboration on three projects, whereas, they perceived that
they had a very strong relationship without any previous collaboration with other
stakeholders such as architects or general contractors. The previous assumption in the
Chapter 3 was that having had previous work collaboration could develop a trusted,
strong relationship, which could eventually increase the likelihood of adopting
sustainable building practices in a project. However, the cases from the survey imply
that this might not always be the case, which means other factors may strengthen

90

relationships among stakeholders (e.g., the quality of work from previous
collaboration, having the same (or different) teams and/or professionals from previous
collaboration). In other words, having previous work collaboration does not
necessarily include trust, fine-grained information, or joint problem-solving
arrangements among stakeholders, which are the components of strong (or embedded)
ties among stakeholders (Uzzi, 1997). This result has relevance with the dissociation
between stakeholders’ previous work collaboration and the adoption of sustainable
building practices from the hypothesis testing of the combined dataset.
As a result, the findings of this research shed light on a part of the conceptual
framework that was proposed in the Chapter 3 (Figure 16). The findings of the study
show that previous work experience on sustainable building practices of certain
stakeholders such as architects and general contractors increased the likelihood of
implementing the sustainable building practices. However, the previous work
collaboration among stakeholders was not associated with the likelihood of building
projects to adopt sustainable practices.
From both the compiled dataset and the cases obtained from the survey,
previous work collaboration was not necessarily related to the implementation or
initiation of sustainable building practices. The results support the challenges of
vertical fragmentation or lack of integration among stakeholders on a project, which is
consistent with literature (Feige et al., 2011; van Bueren & Priemus, 2002). Working
on a project together may not necessarily improve the quality of coordination or
collaboration or the building of trust that can be transferred from one project to
another project in an interdependent multi-organizational setting in complicated
contractual and managerial relationships (Bresnen & Marshall, 2001; Cherns &
Bryant, 1984). In the diffusion of innovation theory, the communication channel is an
important component for the diffusing or adopting of new practices (Rogers, 2003).
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Figure 16. Conceptual framework for sustainable innovation, factors highlighted

Also, a trusted, strong relationship can enhance effective communication and
the exchanging of complex information (Uzzi, 1997). This perspective also aligns with
the idea that implementing new practices is a social accomplishment (or change)
rather than a simple technical change because it is related to the power and influence
of stakeholders (Bresnen et al., 2005). However, having previous work collaboration
does not seem to enhance the strength of the relationship among stakeholders in this
study.
There could be several reasons that working together does not strengthen the
relationship. One reason could be a lack of central coordination among stakeholder on
a project, in other words, vertical fragmentation. Even if stakeholders had worked
together they might not have ever had a chance to exchange tacit information or know-
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how or solve a problem together during that project, which are the key components in
trust buildings (Khalfan, McDermott, & Swan, 2005).
Hiring a construction management company and a contract based on cost plus
fee (or profit for a grantee) have been suggested as a way to produce a more desirable
outcome in regard to achieving high performing sustainable buildings (Swarup,
Korkmaz, Asce, & Riley, 2011; Korkmaz, Riley, & Horman, 2010; Korkmaz, 2007).
However, with a benefit of cost competitiveness of bidding procedure or a new actor
that enters the industry, the project delivery system of design-bid-build (DBB) is still
common in the practice, and DBB is usually tied to lump-sum contracts, which might
be a financial challenge to the grantee, especially to a general contractor.
The positive relationship between stakeholders’ previous exposure to
sustainable building practices and the adoption of them reflects that experiential
knowledge or know-how may accumulate within an organization and that certain
stakeholders, such as an architect and a general contractor, can influence the
implementation of sustainable building practices by initiating the practices, using
persuasive power, or providing reliable knowledge and resources.
Experiential knowledge and know-how may be accumulated within an
organization and carried over to other projects that the organization worked later on.
An organization with experiences for sustainable building programs increased the
likelihood of a project to be certified with sustainable practices such as LEED and
Energy Star in this study. On the other hand, collaborative work history did not
necessarily increase a chance of adopting sustainable practices. This implies
sustainable practices may not be affected by previous collaboration or stakeholders’
weak or strong relationships. Or previous collaboration does not necessarily yield a
stronger relationship between stakeholders. This is closely related to challenges for
building project-based stakeholder relationships because of discontinuity of working
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relationship from one project to another, lack of effective coordination and
communication, and fragmentation among stakeholders across the project timeline
(Feige et al., 2011; Bresnen et al., 2005; Priemus, 2005).

6.3 Evaluation of the Method
The method used in this study can be evaluated in three ways. First, the
method allowed collecting fragmented information in the building sector. Lots of
information are created in order to complete a building project including design
(plans), specifications, and contractual information, however, the information are often
created and held by different stakeholders in different stages of the project. Projectbased collaboration among many stakeholders and the lack of platform to integrate
and store the building information contribute to the lack of integrated information,
which reflects the fragmentation among stakeholders across the stages of a building’s
life cycle. It has often been one of the biggest challenges to establish a platform to
integrate and transfer pieces of information produced by different stakeholders in
different stages of the building life cycle (Kamar, Augenbroe, Anumba, & Carrillo,
2002; Siemieniuch & Sinclair, 1999). The lack of integrated information makes it
difficult for decision-makers and researchers to make an informed, evidence-based
decision and analyze the relationships with a large sample size. Construction research
often based on a few cases because of the limitations and difficulties of getting access
and collect data. Although each building has its unique on-off nature because of
geographic characteristics, building project processes still have commonalities in
terms of stakeholders and their interactions, general design-construction-operation
processes, and contractual terms. Therefore, utilizing secondary datasets, which has
been underutilized, has its benefit in the construction research and industry for its
effectiveness and impact from the bigger sample size. Of course, data integration is
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necessary to move the industry forward and inform decision makers, so that they can
make evidence-based decisions. As shown in the current study, existing data from
government, the non-profit organizations, and the private database company do not
share building identification number, which can be coordinated among the datasets
and ultimately compatible with new web-platforms.
The method using secondary data in this study shows the possibility of using
secondary data in the construction industry, especially when having both successful
and non-successful (or sustainable or non-sustainable) buildings in the study to avoid
selection bias upon the response variable, and when looking at the relationships over a
longer period of time. Green certified buildings have been more recognized and have
more information, and as a result, many studies on the topic of building sustainability
have included only cases of sustainable building. The method used in this study
allowed the inclusion of cases having both positive and negative responses.
One of the challenges in compiling and creating the master dataset was that the
matching process could be time consuming and labor intensive. Microsoft Excel used
in the study encountered not having enough memory in a spreadsheet to contain all the
information. Creating an automatic way of matching datasets and using data
management software that can hold more memory can make the matching procedure
easier. Also, in every data set, they used their own building identification number
(BIN) systems, which did not make it possible to combine the data sets based on BIN.
Using BIN for combining the data sets would be less time consuming and might even
allow researchers to create an automatic detection/matching system for combining the
data.
Secondly, the indicator of stakeholders’ work collaboration was derived from
the compiled data set, which may increase the chance of not capturing their
collaboration history. The indicator of stakeholders’ exposure to the green building
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standards might also not capture their exposures when they actually exist. For
instance, national or international companies may have had experience with the green
building standards outside of the New York metropolitan area. As both indicators can
possibly fail to accurately detect some examples of work history, the analysis is a
conservative estimate of relationships between work history and the sustainable
outcome of building projects. On the other hand, it is arguable that the indicators could
increase the confidence in the future study with a larger dataset since many building
practices local because of different building codes, culture, network, and available
personnel.
Thirdly, this method allowed the gathering of a relatively bigger sample size
than those of comparable case studies, which are often used in building research.
However, the method also had some limitations and difficulties. Since it is a
retrospective study, the data did not capture some information, especially for projects
that were more than ten years ago.
For the survey, it was even more difficult to collect data for building projects
that were not recent because organizations had often been liquidated, or teams or
individuals did not work for the company anymore. One of the biggest challenges for
conducting the survey was finding the right person who knew or were able to access
the data on previous projects with limited resources. Also, low interest or perceived
benefit of participating the survey might also contribute the low return rate.
Conducting a survey utilizing venues for professional events or conferences can be
one way to distribute the survey in person. Another way to increase the response rate
would be to focus on current/on-going projects with a longer research term.
In sum, the secondary data mining method used in this study made it possible
to investigate a conservative estimate of the relationships between stakeholders’
collaboration/experience and the outcome of building projects regarding sustainability
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for both green certified and non-certified buildings. This method implies that
information of building projects falls to pieces in different stages of the building life
cycle by different organizations. It also reflects the potential benefits of collecting and
integrating information of building projects to understand stakeholders’ involvement
in the adoption of new practices. The survey method conducted as a less dominant
method in this study also provided information regarding respondents’ perceived level
of relationships with other stakeholders, types of project delivery methods used in a
project, and previous collaborative work history although the survey resulted in a
small number of response because of a number of challenges regarding organizational
survey and previous construction projects.

6.4 Implications
This section discusses how and to what extent this research can make
theoretical, methodological, and practical contributions. First, the study proposes a
conceptual framework for adoption of (sustainable) innovation in the building industry
and provides empirical evidence of the positive relationship between stakeholders who
have had previous exposure to sustainable building practices and a later project
implementing those practices.
The conceptual framework for sustainable innovation in a building project
proposed in Chapter 3 consists of a set of factors related to the characteristics of
stakeholders, inter-stakeholder relationships, the type of innovation, the context of
projects, and the project outcome to understand adoption of sustainable practices in the
building industry. The framework has theoretical basis on innovation diffusion theory,
stakeholder theory, project management, and organizational behavior. In this study, a
part of this conceptual framework, characteristics of stakeholders (role of stakeholders
and their previous exposure to sustainable building practices), inter-stakeholder
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relationships (previous collaborative work experience and perceived level of tie), and
adoption of sustainable building practices, was tested/reviewed in a data set related to
commercial office buildings in the New York metropolitan area.
The results of the study indicate that no significant relationship exists between
previous collaborative work relations between stakeholders and the project outcome
regarding sustainability. The empirical evidence can inform a conceptual framework
of construction innovation and show how some of the factors in the framework are
related. Further research with other factors in the framework can contribute to
understanding and building the relationships among the factors in the framework.
Secondly, the study tries to overcome scattered nature of pieces of information
in an integrated way in order to obtain more comprehensive information about
buildings. This method was driven by one of the most common criticisms in the
building industry for a weak research base: lack of information and data (Oreszczyn &
Lowe, 2010). Cumulative knowledge and information in the building industry is less
available than it is in other fields such as conventional manufacturing industry due to
diffused responsibility and limited capacity of knowledge retention among
stakeholders due to (sub)contracting (Oreszczyn & Lowe, 2010). This is from
segregated, un-integrated information from different stakeholders throughout different
stages of the building life cycle. Compiling data from different sources required many
hours of work and resulted in having missing data points. However, compiling data
also implies the possibility of integrating building information. The method of
compiling the data can also compensate for the trade-off of limited statistical power in
many of the building/construction related research projects that are based on the case
study approach. The process of compiling data sets also suggests that sharing universal
building identification numbers among different data sets/centers would be effective
for researchers and decision-makers to look up building information. The unique
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identification number for each building can be used in all building relevant data sets
such as city’s building permit records, Primary Land Use Tax Lot Output (PLUTO),
USGBC directories and EPA directories. Having a unique building identification
number would be a remarkable improvement in the building sector.
Lastly, the methods and findings of the study can be applied in practices and
policies by both managers in the private sector and policy analysts and managers in
the public sector. There have been some suggestions to have cumulative knowledge
and database to overcome the characteristics of the building industry that retard
progress. These include the fact that the building industry has traditionally been highly
fragmented, project-oriented with multiple stakeholders and low to limited investment
in research and development (Dulaimi, Ling, Ofori, & De Silva, 2002). One recent
new direction is to create a web-platform such as Honest Buildings to connect
organizations and professionals by sharing their previous commercial real estate
projects. Honest Buildings consists of information regarding buildings, organizations,
individuals (professionals), and projects (specific types of works) and can help
decision-makers (e.g., developers, owners, project managers) identify trusted service
providers with previous work experience on relevant projects (Honest Buildings).
Although it still lacks a significant amount of information, this type of web-platform
can be self-sustaining and utilize the power of reputation and trust building by
encouraging service providers and professionals to publish their previous projects.
This network via a web-platform is more active in residential projects (e.g., Houzz,
Home Advisor). This network building can accelerate the adoption of sustainable
practices and other innovative practices by allowing decision-makers informed.
One of the governmental efforts by New York City (NYC.gov) started the
Sustainable Contractor Designation Program (SCDP) and provides a database that
consumers can use to search for sustainable general contractors (for family homes)

99

and skilled licensees (plumbers and electricians) certified or licensed by different third
parties (e.g., the American Society of Heating Refrigerating and Air-Conditioning
Engineers (ASHRAE), Energy Star, LEED). This database provides trusted, verified
information of service providers (general contractors, plumbers, and electricians) to
interested parties/organizations and considers different third party certifications. A
better use of SCDP might take into account a few considerations when the government
expands SCDP from residential to commercial real estate. Currently, the SCDP
database provides service providers only with relevant certifications. It would be more
beneficial to include organizations’ previous projects that have been certified with
more detailed information on these certified projects and enable the sorting of facility
types and locations. An even further step could be a recommendation or referral
system that organizations review and give feedback on for projects that they had
worked on.

6.5 Limitations
This study examines the effects of stakeholders’ previous exposure to
sustainable building practices and the effects of their previous collaborative work
relations on the sustainability outcome of projects. Although the correlation between
the architect’s and general contractor’s previous experience on the sustainable
programs and the achievement of the sustainable programs in projects resulted in a
low p-value, there are several limitations which abate the strength of inferences on the
relationship between stakeholders’ previous experience and the adoption of the
sustainable program as a project outcome.
First of all, the number of tests, 12 tests with three dependent variables and 12
independent variables in the first method using the secondary datasets, may contribute
to the lack of confidence in making a firm conclusion from the small sample size.
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Therefore, the findings of the current study can be neither strongly supported nor
claimed until further research is conducted although the method of combining
secondary data sets would be an effective and sufficient way to examine the
relationships with a larger sample. For the survey method, of course, the small number
of responses prohibited any statistical analysis. The ideal sample size for the future
study would be at least 30 projects, which information can be answered by different
stakeholders involved in the projects. The sample size of thirty would allow statistical
power to make a statistical inference based on approximate normal distribution
considering the Central Limit Theorem. In addition to the increased number of cases,
it is also important to look at any systematic patterns of missing values, non-response
bias, and the selection effect in order to enhance the internal validity of the study. The
patterns of missing values and non-response bias can be analyzed by checking the
distribution of missing values, computing statistics for the full sample and for
respondents only, and identifying and analyzing reasons for non-responses.
Second, the correlation between the variables in this study is limited to make
inference on the association between the stakeholders’ previous experience and the
project outcome, which precludes the determination of causality. There are three
necessary criteria to meet to determine causality: co-variation of the cause and effect
(empirical association), temporal precedence (appropriate time order), and nonspuriousness (no plausible alternative explanations) (Marini & Singer, 1988). The first
criterion of co-variation is met, however, the second and third criteria have not been
tested in this study. Although stakeholders’ exposure from previous projects happened
before the project outcome, there is a possibility of selecting stakeholders’ with
previous experience on sustainable programs with the intention of adopting the
programs. Therefore, specifically, it is neither tested nor claimed to conclude whether
having an architect and/or general contractor who had had experience on similar

101

sustainable programs results in a higher chance of adopting the sustainable programs
or the project which started with sustainable concerns from owners and/or developers
are prone to hire architects and/or general contractors with previous experience on
such programs. For the criterion of non-spuriousness, alternative explanations of the
association between the architect’s and general contractor’s previous exposure to
sustainable programs and their adoption in construction projects are possible. For
instance, a plausible alternative explanation would be changes in regulations and
policy, in fact, New York City enacted Local Law 86 to mandate LEED to
government buildings and buildings receiving city funds of $10 million or greater
since 2007. This mandatory requirement may increase the number of projects pursuing
and achieving LEED programs, which ultimately increase not only the number of
architects and general contractors with previous exposure on LEED but also the
changes of adopting LEED in building projects. The second and third criteria which
are necessary to determine causality can be supported by the future research using
qualitative approach: interviewing with stakeholders and/or following decision
processes regarding the adoption of sustainable programs.
There are two additional factors that can enhance the causality: mechanism
and context. Firstly, a causal mechanism is the process connecting the independent
and dependent variables (Marini & Singer, 1988; Cook & Campbell, 1979). Finding
the mechanism helps to identify which aspects of the independent variable –
architects’ and/or general contractors’ previous exposure to sustainable building
programs in this case - affecting the variation of the dependent variable, which can
ultimately increase the confidence in concluding the casual effect (Costner, 1989). For
example, architects with previous experience on the same program might have a
persuading (or initiating) power in a decision-making process and/or have a more
knowledge, know-how, and confidence to explain and persist the adoption of the
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sustainable program. Additionally, understanding a larger context can help enhance
the causality since a set of interrelated factors required for the effect can vary
depending on the context involving other variables (i.e., time, region) (Hage &
Meeker, 1988). In this study, the sample of building projects in New York City metro
was tested and this approach can be also applied in different regions in order to find
the associations among variables: stakeholders’ previous exposure to sustainable
programs, their previous collaborative work history, and the adoption of sustainable
programs in project.
Third, it is a retrospective study that captures the trajectory of the adoption of
sustainable practices by relying on the records of the projects, which led to missing
data for both methods of using the secondary datasets and the survey. The matching
and compiling procedure in this study started with the Emporis dataset, which may not
cover all of the buildings in the New York metropolitan area. Only 9 out of the 128
LEED certified projects that were obtained from USGBC were found in the Emporis
dataset. Twenty-two out of the 354 Energy Star certified projects were found in the
Emporis dataset. This reflects that the Emporis dataset may not cover all of the
buildings in the region. Specifically, recently built high-rise buildings may have more
detailed data than low-rise buildings built 10 years ago. Among 205 projects, 134
building projects (new construction or renovation) were completed in 2004 or earlier,
and at least 155 of these projects had a size of less than 1000,000 square feet of gross
floor area. In the first method using the secondary data, there seems no systematic
pattern on missing data - information on not only certified sustainable buildings but
also non-certified buildings was not available – missing data points tend to be random.
In the second method using the survey had a low response rate, which is related to a
selection bias – a threat to internal validity of the study. Only non-liquidated
companies were invited to the survey and some teams and/or personnel worked on the
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projects were not available for the survey. One architectural firm raised a concern for
confidentiality for its client – an owner or a developer. Two other incomplete survey
responses were related to the lack of information that the survey respondent had, who
was not directly involved in the project. Additionally, the secondary data analysis can
be improved by utilizing Multiple Imputation for missing data. Multiple Imputation
includes three steps: imputation, analysis, and pooling – fill in the missing values m
times, analyze each of the m complete data sets, and combine the m analyses. Also,
more hand-on, manual search on building information to fill in the missing data in the
master dataset can be conducted with assistance. PLUTO (Primary Land Use Tax Lot
Output) provided by the Department of City Planning of New York City can also be
included in the data matching process to ensure and fill the missing data regarding
owner’s information.
Fourth, one assumption in the study is that stakeholders’ previous exposure to
sustainable building practices and stakeholders’ previous collaborative work relations
since 1998 are captured in the data set based on the projects in the New York
metropolitan area. These data might not capture all of the stakeholders’ previous
involvement in construction projects with sustainable or energy efficient features
before 1998. Any earlier exposure to sustainable practices might be related to some of
the credits in LEED certification or the features of Energy Star certification. Their
previous experience and expertise on energy efficient building fixtures and systems
might influence the decisions on when and how to adopt the new sustainable building
practices when they were introduced. This might be more relevant to Energy Star
certification rather than LEED certification because LEED has not only energy
efficiency but also other aspects of environmental impacts of buildings such as site
selection and indoor air quality.
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Lastly, there is also a limitation regarding the generalizability of the results of
this study. The data were collected only in the New York metropolitan area.
Therefore, it is inevitable that the external validity of the results will be limited. The
New York metro area is one of the most active real estate markets in the U.S.;
therefore, resources and human capital there may be more accessible than in other
areas. For this reason, the results of the study might not be comparable to the building
context in rural areas. However, the results may be analogous to sub-urban areas
neighboring other big cities because of shared resources and human capital or the
spillover effects of phenomenon in neighboring large cities. Additionally, the study is
limited to office buildings. Different types of buildings such as hospitals, schools, and
residential buildings might have different mechanisms in terms of adopting
sustainability.

6.6 Future Research
In the future, different research directions and designs could be used to control
for the mentioned limitations of this research and enhance internal validity. For the
method using secondary data, using web-platform such as Honest Buildings can be
used to expand the sample size. Additionally, a prospective approach could be
considered in order to avoid missing records on projects. The public bidding
information on government buildings (i.e., Download Bid Documents by the
Department of Design and Construction in New York City, New York City Economic
Development Corporation) can be used to collect information on ongoing and future
construction projects. For instance, future research could include cases of current,
ongoing projects to collect more complete data. However, this approach might require
a significant amount of time and resources if the study considers time as a factor or
looks at the trajectory of adoptions over time.
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There are three recommended strategies for increasing the sample size in the
second method using the survey: 1) redesigning the survey; 2) changing distribution
channels; and 3) conducting a case study. First, the survey can include fewer items
such as asking only the names of stakeholders and their pervious collaborative work
history with other stakeholders. The current study was asking stakeholders to fill out
the survey based on a specific building project that the research was asking, which is
from the master dataset. Instead, stakeholders can be asked to fill out the survey based
upon the recent (i.e., five) building projects, which may increase the number of
responses per respondent as well as reduce the non-responses, which resulted from the
lack of access to projects information because they were years old projects or the
involved teams and personnel were not with the firm anymore. Second, more strategic
approaches of distributing the survey would be utilizing venues such as career fairs
and conference expo, partnering with associations (i.e., American Society of Civil
Engineers, American Institute of Architects), and recruiting owners with multiple
properties such as universities and banks. Combining the first two strategies
(redesigning the survey and changing distribution channels) would be more effective
than using a single strategy in order to increase the response rate. Lastly, a case study
would enhance the understanding of the relationships and the mechanism of how the
independent and dependent variables are related, which can give the researcher a
(more) complete picture of the network and the relationships among stakeholders.
Recommended research methods are: observation or in-depth interview with
stakeholders on ongoing or recently completed projects with a few targeted projects
(i.e., different organizations that serve as different stakeholders but that are involved in
the same project). Observation of major decision-making points with regard to
adopting the sustainable programs would allow researchers to investigate and analyze
how the adoption process evolves and which stakeholders initiate the idea of
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sustainability and have more influential power than others. Having an access to the
meeting where stakeholders make decisions could be challenging. One way to proceed
might be to first contact a developer or an owner since they often have more power
and influence on disclosing information about a project. Public building projects or a
project with public funds would likely be more accessible. In-depth interviews with
personnel involved in a project would also add the understanding of the decision
making process for sustainability. These types of ethnographic research: interviews
and observation can benefit and add detailed description of how stakeholders’
behavior/decisions influence and are influenced by other stakeholders depending on
their levels of previous experience and expertise. Moreover, they can provide an idea
of how organizations/stakeholders evolve as they accumulate their knowledge and
know-how, create a climate for innovation, and react to changes in government
regulations. This approach would also make it possible to see information flow and
knowledge management among professionals and teams within an organization.
Considering the response rate of the current study and the difficulties of recalling and
collecting information on the past building projects, multiple approaches suggested in
the above should be addressed simultaneously to increase the number of responses.
With a single strategy, it would be hard to have a response rate higher than 5 percent.
Lastly, the study’s generalizability could be strengthened by repetition of this
study in different cities. This study is limited to commercial office buildings in the
New York metro area. The findings of this study can be generalized by conducting
studies in other cities, but natural environment factors and different municipal
requirements that may influence the adoption of sustainable building practices should
be taken into account in future research.

6.7 Conclusion
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The building industry faces the challenge of integrating many players and
activities throughout a building’s life cycle to minimize the environmental impact of
the building by adopting innovative processes and/or products. To achieve this goal,
stakeholders must be engaged to achieve a cohesive structure by working together on
(or for the benefit of) the project (du Plessis & Cole, 2011). This current dissertation
research summarizes the diffusion of innovation in the building sector and suggests a
conceptual framework focusing on organizational factors.
By compiling data from different sources, the research findings suggest that an
architect’s and a general contractor’s previous experience with sustainable building
practices can have an impact on implementing sustainable building practices, which
can indicate knowledge management/accumulation within an organization. However,
stakeholders’ previous work collaboration does not seem significant in the adoption of
those practices. A closer investigation of the cases from the survey indicates that work
collaboration may not necessarily be related to establishing the trusted, strong
relationships among stakeholders. This reflects that project-based organizations may
have difficulties developing or maintaining strong ties with other stakeholders in the
short term. Unlike knowledge management/accumulation, transferring or exchanging
knowledge and know-how seem difficult between those project-based stakeholders.
The cases also imply that primary concerns or motives for implementing sustainable
building practices are different when different stakeholders take an initiative role in
the adoption of the practices. Understanding other stakeholders’ primary concerns
regarding the adoption of sustainable practices can help stakeholders know which
supporting information or evidence to present to be more persuasive in the adoption
process. The ultimate goals of this study are to 1) enhance understanding of factors
that influence the adoption of sustainable building practices, 2) discover the
relationships of these factors and the adoption of the practices, and 3) find leverage
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point(s) to break the circle of blame (Cadman, 2007) among stakeholders to initiate
the adoption of sustainability.

109

APPENDIX
Appendix A Survey Instrument
Building Project Stakeholder Survey
Introduction
The purpose of this survey is to assess the effect of previous exposure to sustainable practices on
stakeholder’s involvement in sustainability building projects. The following survey may take about 1015 minutes to complete. We assure you that your answers will be treated in the strictest of
confidentiality. We appreciate your participation!

Project Profile
1. Building project name:
2.
m
m
m

Project type:
New Construction
Renovation
Addition

3.
m
m
m
m
m
m
m

Building type:
Commercial
Residential
K-12
Higher Education
Laboratory
Health care
Other. Please specify. ____________________

4. Building size (SF):
5. Number of floors
6.
m
m
m

Building location (Address)
Number & Street ____________________
City & State ____________________
Postcode ____________________

7.
m
m
m

Type of ownership
Public
Private
Other. Please specify. ____________________

8. Estimated construction cost (in dollars)
9. Actual construction cost (in dollars)
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10. Amount of capital dollars by city agency for this project (in dollars)
11. Estimated construction period (in months)
12. Actual construction period (in months)

Sustainable Building Certification
13. Did the project achieve any sustainable building certification? (You can select more than one if
needed.)
q LEED (Leadership in Energy and Environmental Design)
q Energy Star
q None
q Other. Please specify. ____________________
14.
m
m
m
m

Who initially proposed the idea of pursuing "green" or "sustainable" building certification?
Owner
Developer
Designer / Design-Builder
Other. Please specify. ____________________

15. Why did the project team pursue sustainable building objectives? (You can select more than one if
needed.)
q Mandated by client or state
q Owner Driven Factor (Vision Statement)
q Energy Use / Cost
q Productivity of Occupants
q Other. Please specify. ____________________
16. At what point during the design process was notion of a sustainable building introduced? (Please
based your timing definition on the level of design completed.)
m Conceptual Design (0-15%)
m Schematic Design (15-30%)
m Design Development (30-60%)
m Construction Documents (60-90%)
m Bidding (Full Design Document)
m Other. Please specify. ____________________

Stakeholders
Following questions will ask you to identify other major stakeholders involved in this project and
relationships with your company (e.g., previous work history, strength of the relationships). You can
answer relevant questions only.
17. Who was the owner of this project?
18. Who was the developer of this project?
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19. Who was the architect of this project?
20. Who was the contractor (general contractor) of this project?
21. Who was the construction management company of this project?
22. Who was the design-builder of this project?
23. How many projects did you work together with each company before starting this project?
Never

1

2

3

4

5

6

7

8

9

10

11 or
more

N/A

Owner

m

m

m

m

m

m

m

m

m

m

m

m

m

Developer

m

m

m

m

m

m

m

m

m

m

m

m

m

Architect

m

m

m

m

m

m

m

m

m

m

m

m

m

Contractor
(General
Contractor)

m

m

m

m

m

m

m

m

m

m

m

m

m

Construction
Management
Company

m

m

m

m

m

m

m

m

m

m

m

m

m

DesignBuilder

m

m

m

m

m

m

m

m

m

m

m

m

m

24. How would you describe the level of tie (or strength of the relationship) with your company and
each of the following organizations?
Very
close/strong

Somewhat
strong

Neither strong
nor weak

Somewhat
weak

Very weak

Owner

m

m

m

m

m

Developer

m

m

m

m

m

Architect

m

m

m

m

m

Contractor
(General Contractor)

m

m

m

m

m

Construction Management
Company

m

m

m

m

m

Design-Builder

m

m

m

m

m

Project Delivery System
25. Mark the appropriate box for the project delivery system that best describes your project. (Use the
definitions of project delivery systems below.)
CM at Risk: The owner contracts with a design company to provide a facility design. The owner
separately selects a contractor to perform construction a management services and construction work in
accordance with the plans and specifications for a fee. The contractor usually has significant input in the
design process and generally guarantees the maximum construction price.
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Design Build: This is a single agreement between an owner and a single entity to perform both design
and construction under a single design build contract. Portions or all of the design and construction may
be performed by the entity or subcontracted to other companies.
Design Bid Build: This is a traditional process in the US construction industry, where the owner
contracts separately with a designer and a contractor. The owner normally contract with a design
company to complete design documents. The owner or his/her agent then solicits fixed price bids from
contractors to perform the work. One contractor is usually selected and enters into an agreement with
the owner to construct a facility in accordance with the plans and specifications. (Korkmaz, 2007)
m Construction Management at risk
m Design-Build
m Design-Bid-Build
m Other. Please specify ____________________
26. Mark the appropriate box for the contractual terms used for the design-builder or designer and
contractor.
Lump-Sum

Guaranteed
Maximum Price

Cost Plus Fee

Other

Architect/Designer

m

m

m

m

Contractor

m

m

m

m

Design-Builder

m

m

m

m

Previous Exposure to Sustainable Practices
27. Had your company worked on any sustainable building projects (e.g., LEED, Energy Star) before
starting this project?
m Yes
m No
m Not sure
28. Please provide the following information about your company’s previous experience on any
sustainable building practices (e.g., LEED, Energy Star, other building energy programs) before starting
the project?

Number of
previous
sustainable
projects

None

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

More
than
15

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

29. Average project size on the response of Q28 (SF):
30. Average capital investment per project on the response of Q28 (US dollar):
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31. Please provide the following information about your company’s previous experience on LEED
before starting the project?

Number of
previous
sustainable
projects

None

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

More
than
15

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

32. Average project size on the response of Q31 (SF):
33. Average capital investment per project on the response of Q31 (US dollar):

Respondent’s Information
What is your job position/title?
What is your company's name?
Thank you so much for your participation.
Please contact Eunhwa Yang at ey94@cornell.edu if you have any question or concern.
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Appendix B Analysis of the Compiled Data
B.1 Contingency analysis of achieving green building certifications and the number of stakeholders that had experience with green
building projects

Tests

LEED
1

19
3
67.86 10.71
76.00 100.00
86.36 13.64
5
0
17.86
0.00
20.00
0.00
100.00
0.00
1
0
3.57
0.00
4.00
0.00
100.00
0.00
25
3
89.29 10.71

1

2

N
28

22
78.57

5
17.86

1
3.57

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
1.542
0.4624
Pearson
0.916
0.6324
Warning: 20% of cells have expected count less than 5,
ChiSquare suspect.
Warning: Average cell count less than 5, LR ChiSquare
suspect.
Table Two-sided
Probability (P) Prob ≤ P
0.470085
1.0000

Green building programs (LEED &
Energy Star)

Energy Star
0

Green Bldg Standards
1
Count 0
Total %
Col %
Row %
0
17
3
20
60.71 10.71 71.43
77.27 50.00
85.00 15.00
1
4
1
5
14.29
3.57 17.86
18.18 16.67
80.00 20.00
2
1
2
3
3.57
7.14 10.71
4.55 33.33
33.33 66.67
22
6
28
78.57 21.43

3
18
10.71 64.29
60.00 78.26
14.29 85.71
0
5
0.00 17.86
0.00 21.74
0.00 100.00
2
0
7.14
0.00
40.00
0.00
100.00
0.00
5
23
17.86 82.14

1

2

28

DF
-LogLike RSquare (U)
2 0.77123729
0.0809

Fisher's Exact Test

Count 1
Total %
Col %
Row %
0

Energy Star

N
28

DF
2

21
75.00

5
17.86

2
7.14

28

-LogLike RSquare (U)
4.5257271
0.3445

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
9.051
0.0108*
Pearson
10.470
0.0053*
Warning: 20% of cells have expected count less than 5,
ChiSquare suspect.
Warning: Average cell count less than 5, LR ChiSquare
suspect.
Fisher's Exact Test
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Table Two-sided
Probability (P) Prob ≤ P
0.013533
0.0319*

Number of stakeholders' exposure to green
building standards

Count 0
Total %
Col %
Row %
0

Number of Stakeholders' exposure to
Energy Star

Contingency
tables

Number of Stakeholders' exposure to LEED

LEED

N
28

DF
2

-LogLike RSquare (U)
1.6824991
0.1156

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
3.365
0.1859
Pearson
4.143
0.1260
Warning: 20% of cells have expected count less than 5,
ChiSquare suspect.
Warning: Average cell count less than 5, LR ChiSquare
suspect.
Fisher's Exact Test

Table Two-sided
Probability (P) Prob ≤ P
0.045389
0.1556

B.2 Scatterplot matrix of green building certifications and stakeholders’ previous collaboration and exposure to green building
certifications
B.2.1 LEED, stakeholder’s previous collaboration, and exposure to LEED

LEED

0

1

1

0

Developer
x Owner

1

0

Developer
x Architect

1

0

Developer
x GC

1

0

Owner x
Architect

1

0

Owner x GC

1

0

Architect
x GC

1

0

Developer's
exposure to LEED

1

0

Owner's
exposure to LEED

1

0

Architect's
exposure to LEED

1

0

GC's exposure
to LEED

B.2.2 Energy Star, stakeholder’s previous collaboration, and exposure to Energy Star

Energy Star

0

1

1

0

Developer
x Owner

1

0

Developer
x Architect

1

0

Developer
x GC

1

0
Owner x
Architect

1

0

Owner x GC

1

0
Architect
x GC
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1

0

Developer's exposure
to Energy Star

1

0

Owner's exposure
to Energy Star

1

0

Architect's exposure
to Energy Star

1

0

GC's exposure
to Energy Star

B.2.3 Green building certifications, stakeholder’s previous collaboration, and exposure to green building certified projects
Scatterplot Matrix

Green Bldg
Standards

0

1

1

0

Developer
x Owner

1

0

Developer
x Architect

1

0

Developer
x GC

1

0
Owner x
Architect

1

0

Owner x GC

1

0
Architect
x GC

117

1
0
1
0
1
0
1
0
Developer's exposure
Architect's exposure
to green bldg
to green bldg
Owner's exposure to
GC's exposure to
green bldg standards
green bldg standards
standards
standards

B.3 Contingency analysis of green building certifications by stakeholders’ previous collaboration and exposure to green buildings
B.3.1 Contingency analysis of LEED by stakeholders’ previous collaboration and exposure to LEED
LEED &
Developer x Owner

Tests

Count 0
Total %
Col %
Row %
0

LEED
1

43
4
78.18
7.27
84.31 100.00
91.49
8.51
8
0
14.55
0.00
15.69
0.00
100.00
0.00
51
4
92.73
7.27

1

N
55

Developer x Architect

Developer x Owner

Contingency
tables

LEED &
Developer x Architect

47
85.45

8
14.55

Count 0
Total %
Col %
Row %
0

65
4
86.67
5.33
91.55 100.00
94.20
5.80
6
0
8.00
0.00
8.45
0.00
100.00
0.00
71
4
94.67
5.33

1

55
N
75

DF
-LogLike RSquare (U)
1 0.65488561
0.0457

LEED
1

69
92.00

6
8.00

75

DF
-LogLike RSquare (U)
1 0.34316097
0.0220

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
1.310
0.2524
Pearson
0.734
0.3915

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
0.686
0.4074
Pearson
0.367
0.5444

Fisher's
Exact Test
Left
Right
2-Tail

Fisher's
Exact Test
Left
Right
2-Tail

Prob
0.5230
1.0000
1.0000

Alternative Hypothesis
Prob(LEED=1) is greater for Developer x Owner=0 than 1
Prob(LEED=1) is greater for Developer x Owner=1 than 0
Prob(LEED=1) is different across Developer x Owner

Prob
0.7113
1.0000
1.0000

Alternative Hypothesis
Prob(LEED=1) is greater for Developer x Architect=0 than 1
Prob(LEED=1) is greater for Developer x Architect=1 than 0
Prob(LEED=1) is different across Developer x Architect

Odds ratio
Odds Ratio Lower 95% Upper 95%
0
.
.

Odds Ratio Lower 95% Upper 95%
0
.
.
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B.3.1 Contingency analysis of LEED by stakeholders’ previous collaboration and exposure to LEED (continued)
LEED &
Developer x General contractor

Tests

Count 0
Total %
Col %
Row %
0

1

N
33

LEED
1

26
78.79
86.67
92.86
4
12.12
13.33
80.00
30
90.91

2
6.06
66.67
7.14
1
3.03
33.33
20.00
3
9.09

Owner x Architect

Developer x GC

Contingenc
y tables

LEED &
Developer x Architect

28
84.85

5
15.15

Count 0
Total %
Col %
Row %
0

97
8
88.18
7.27
95.10 100.00
92.38
7.62
5
0
4.55
0.00
4.90
0.00
100.00
0.00
102
8
92.73
7.27

1

33
N
110

DF
-LogLike RSquare (U)
1 0.34605716
0.0344

LEED
1

105
95.45

5
4.55

110

DF
-LogLike RSquare (U)
1 0.38674143
0.0135

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
0.692
0.4054
Pearson
0.849
0.3570

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
0.773
0.3791
Pearson
0.411
0.5215

Fisher's
Exact Test
Left
Right
2-Tail

Fisher's
Exact Test
Left
Right
2-Tail

Prob
0.9468
0.3996
0.3996

Alternative Hypothesis
Prob(LEED=1) is greater for Developer x GC=0 than 1
Prob(LEED=1) is greater for Developer x GC=1 than 0
Prob(LEED=1) is different across Developer x GC

Prob
0.6805
1.0000
1.0000

Alternative Hypothesis
Prob(LEED=1) is greater for Owner x Architect=0 than 1
Prob(LEED=1) is greater for Owner x Architect=1 than 0
Prob(LEED=1) is different across Owner x Architect

Odds ratio
Odds Ratio Lower 95% Upper 95%
3.25
0.236343
44.69139

Odds Ratio Lower 95% Upper 95%
0
.
.
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B.3.1 Contingency analysis of LEED by stakeholders’ previous collaboration and exposure to LEED (continued)

Tests

Count 0
Total %
Col %
Row %
0

45
5
84.91
9.43
93.75 100.00
90.00 10.00
3
0
5.66
0.00
6.25
0.00
100.00
0.00
48
5
90.57
9.43

1

N
53

Architect x GC

Owner x GC

Contingency
tables

LEED &
Owner x General contractor
LEED
1

50
94.34

3
5.66

Count 0
Total %
Col %
Row %
0

53
5
88.33
8.33
96.36 100.00
91.38
8.62
2
0
3.33
0.00
3.64
0.00
100.00
0.00
55
5
91.67
8.33

1

53
N
60

DF
-LogLike RSquare (U)
1 0.30648466
0.0185

LEED &
Architect x General contractor
LEED
1

58
96.67

2
3.33

60

DF
-LogLike RSquare (U)
1 0.17712535
0.0103

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
0.613
0.4337
Pearson
0.331
0.5649

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
0.354
0.5517
Pearson
0.188
0.6645

Fisher's
Exact Test
Left
Right
2-Tail

Fisher's
Exact Test
Left
Right
2-Tail

Prob
0.7383
1.0000
1.0000

Alternative Hypothesis
Prob(LEED=1) is greater for Owner x GC=0 than 1
Prob(LEED=1) is greater for Owner x GC=1 than 0
Prob(LEED=1) is different across Owner x GC

Prob
0.8390
1.0000
1.0000

Alternative Hypothesis
Prob(LEED=1) is greater for Architect x GC=0 than 1
Prob(LEED=1) is greater for Architect x GC=1 than 0
Prob(LEED=1) is different across Architect x GC

Odds ratio
Odds Ratio Lower 95% Upper 95%
0
.
.

Odds Ratio Lower 95% Upper 95%
0
.
.
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LEED &
Developer’s previous exposure to LEED
LEED
Count 0
1
Total %
Col %
Row %
0
79
4
83
94.05
4.76 98.81
98.75 100.00
95.18
4.82
1
1
0
1
1.19
0.00
1.19
1.25
0.00
100.00
0.00
80
4
84
95.24
4.76

Owner's exposure to LEED

Contingency
tables

Developer's exposure to LEED

B.3.1 Contingency analysis of LEED by stakeholders’ previous collaboration and exposure to LEED (continued)

Count
Total %
Col %
Row %
0

1

LEED &
Owner’s previous exposure to LEED
LEED
0
1

124
8
93.23
6.02
99.20 100.00
93.94
6.06
1
0
0.75
0.00
0.80
0.00
100.00
0.00
125
8
93.98
6.02

132
99.25

1
0.75

133

Tests
N
84

N
133

DF
-LogLike RSquare (U)
1 0.04909023
0.0031

DF
-LogLike RSquare (U)
1 0.06227724
0.0021

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
0.098
0.7540
Pearson
0.051
0.8220

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
0.125
0.7241
Pearson
0.064
0.7995

Fisher's
Exact Test
Left
Right
2-Tail

Fisher's
Exact Test
Left
Right
2-Tail

Prob
0.9524
1.0000
1.0000

Alternative Hypothesis
Prob(LEED=1) is greater for Developer's exposure to LEED=0 than 1
Prob(LEED=1) is greater for Developer's exposure to LEED=1 than 0
Prob(LEED=1) is different across Developer's exposure to LEED

Prob
0.9398
1.0000
1.0000

Alternative Hypothesis
Prob(LEED=1) is greater for Owner's exposure to LEED=0 than 1
Prob(LEED=1) is greater for Owner's exposure to LEED=1 than 0
Prob(LEED=1) is different across Owner's exposure to LEED

Odds ratio
Odds Ratio Lower 95% Upper 95%
0
.
.

Odds Ratio Lower 95% Upper 95%
0
.
.
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Count
Total %
Col %
Row %
0

1

LEED &
Architect’s previous exposure to LEED
LEED
0
1

146
9
91.25
5.63
96.69 100.00
94.19
5.81
5
0
3.13
0.00
3.31
0.00
100.00
0.00
151
9
94.38
5.63

GC's exposure to LEED

Contingency
tables

Architect's exposure to LEED

B.3.1 Contingency analysis of LEED by stakeholders’ previous collaboration and exposure to LEED (continued)

155
96.88

5
3.13

160

Tests
N
160

LEED &
General contractor’s previous exposure to LEED
LEED
Count 0
1
Total %
Col %
Row %
0
51
4
55
85.00
6.67 91.67
92.73 80.00
92.73
7.27
1
4
1
5
6.67
1.67
8.33
7.27 20.00
80.00 20.00
55
5
60
91.67
8.33
N
60

DF
-LogLike RSquare (U)
1 0.29422873
0.0085

DF
-LogLike RSquare (U)
1 0.37310639
0.0217

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
0.588
0.4430
Pearson
0.308
0.5791

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
0.746
0.3877
Pearson
0.972
0.3242

Fisher's
Exact Test
Left
Right
2-Tail

Fisher's
Exact Test
Left
Right
2-Tail

Prob
0.7458
1.0000
1.0000

Alternative Hypothesis
Prob(LEED=1) is greater for Architect's exposure to LEED=0 than 1
Prob(LEED=1) is greater for Architect's exposure to LEED=1 than 0
Prob(LEED=1) is different across Architect's exposure to LEED

Prob
0.9492
0.3630
0.3630

Alternative Hypothesis
Prob(LEED=1) is greater for GC's exposure to LEED=0 than 1
Prob(LEED=1) is greater for GC's exposure to LEED=1 than 0
Prob(LEED=1) is different across GC's exposure to LEED

Odds ratio
Odds Ratio Lower 95% Upper 95%
0
.
.

Odds Ratio Lower 95% Upper 95%
3.1875
0.284547
35.70644
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B.3.2 Contingency analysis of Energy Star by stakeholders’ previous collaboration and exposure to Energy Star

Count
Total %
Col %
Row %
0

1

38
69.09
86.36
80.85
6
10.91
13.64
75.00
44
80.00

9
16.36
81.82
19.15
2
3.64
18.18
25.00
11
20.00

Developer x Architect

Developer x Owner

Contingency
tables

Energy Star &
Developer x Owner
Energy Star
0
1

47
85.45

8
14.55

Count
Total %
Col %
Row %
0

1

55

Energy Star &
Developer x Architect
Energy Star
0
1

58
11
77.33 14.67
90.63 100.00
84.06 15.94
6
0
8.00
0.00
9.38
0.00
100.00
0.00
64
11
85.33 14.67

69
92.00

6
8.00

75

Tests
N
55

DF
-LogLike RSquare (U)
1 0.06981012
0.0025

N
75

DF
-LogLike RSquare (U)
1 0.99543697
0.0318

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
0.140
0.7087
Pearson
0.146
0.7021

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
1.991
0.1582
Pearson
1.121
0.2897

Fisher's
Exact Test
Left
Right
2-Tail

Fisher's
Exact Test
Left
Right
2-Tail

Prob
0.8106
0.5082
0.6538

Alternative Hypothesis
Prob(Energy Star=1) is greater for Developer x Owner=0 than 1
Prob(Energy Star=1) is greater for Developer x Owner=1 than 0
Prob(Energy Star=1) is different across Developer x Owner

Prob
0.3723
1.0000
0.5835

Alternative Hypothesis
Prob(Energy Star=1) is greater for Developer x Architect=0 than 1
Prob(Energy Star=1) is greater for Developer x Architect=1 than 0
Prob(Energy Star=1) is different across Developer x Architect

Odds ratio
Odds Ratio Lower 95% Upper 95%
1.407407
0.242737
8.160242

Odds Ratio Lower 95% Upper 95%
0
.
.
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B.3.2 Contingency analysis of Energy Star by stakeholders’ previous collaboration and exposure to Energy Star (continued)

Count
Total %
Col %
Row %
0

1

24
72.73
85.71
85.71
4
12.12
14.29
80.00
28
84.85

4
12.12
80.00
14.29
1
3.03
20.00
20.00
5
15.15

Owner x Architect

Developer x GC

Contingency
tables

Energy Star &
Developer x Owner
Energy Star
0
1

28
84.85

5
15.15

Count
Total %
Col %
Row %
0

1

33

Energy Star &
Developer x Architect
Energy Star
0
1

83
75.45
95.40
79.05
4
3.64
4.60
80.00
87
79.09

22
20.00
95.65
20.95
1
0.91
4.35
20.00
23
20.91

105
95.45

5
4.55

110

Tests
N
33

DF
-LogLike RSquare (U)
1 0.05056465
0.0036

N
110

DF
-LogLike RSquare (U)
1 0.00132248
0.0000

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
0.101
0.7505
Pearson
0.108
0.7427

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
0.003
0.9590
Pearson
0.003
0.9592

Fisher's
Exact Test
Left
Right
2-Tail

Fisher's
Exact Test
Left
Right
2-Tail

Prob
0.8454
0.5859
1.0000

Alternative Hypothesis
Prob(Energy Star=1) is greater for Developer x GC=0 than 1
Prob(Energy Star=1) is greater for Developer x GC=1 than 0
Prob(Energy Star=1) is different across Developer x GC

Prob
0.7202
0.6981
1.0000

Alternative Hypothesis
Prob(Energy Star=1) is greater for Owner x Architect=0 than 1
Prob(Energy Star=1) is greater for Owner x Architect=1 than 0
Prob(Energy Star=1) is different across Owner x Architect

Odds ratio
Odds Ratio Lower 95% Upper 95%
1.5
0.131585
17.09921

Odds Ratio Lower 95% Upper 95%
0.943182
0.100295
8.869744
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B.3.2 Contingency analysis of Energy Star by stakeholders’ previous collaboration and exposure to Energy Star (continued)

Tests

Count
Total %
Col %
Row %
0

1

N
53

37
13
69.81 24.53
92.50 100.00
74.00 26.00
3
0
5.66
0.00
7.50
0.00
100.00
0.00
40
13
75.47 24.53

Architect x GC

Owner x GC

Contingency
tables

Energy Star &
Owner x General contractor
Energy Star
0
1

50
94.34

3
5.66

Count
Total %
Col %
Row %
0

1

53
N
60

DF
-LogLike RSquare (U)
1 0.87310575
0.0296

Energy Star &
Architect x General contractor
Energy Star
0
1

45
13
75.00 21.67
95.74 100.00
77.59 22.41
2
0
3.33
0.00
4.26
0.00
100.00
0.00
47
13
78.33 21.67

58
96.67

2
3.33

60

DF
-LogLike RSquare (U)
1 0.49785388
0.0159

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
1.746
0.1864
Pearson
1.034
0.3093

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
0.996
0.3184
Pearson
0.572
0.4494

Fisher's
Exact Test
Left
Right
2-Tail

Fisher's
Exact Test
Left
Right
2-Tail

Prob
0.4218
1.0000
0.5671

Alternative Hypothesis
Prob(Energy Star=1) is greater for Owner x GC=0 than 1
Prob(Energy Star=1) is greater for Owner x GC=1 than 0
Prob(Energy Star=1) is different across Owner x GC

Prob
0.6107
1.0000
1.0000

Alternative Hypothesis
Prob(Energy Star=1) is greater for Architect x GC=0 than 1
Prob(Energy Star=1) is greater for Architect x GC=1 than 0
Prob(Energy Star=1) is different across Architect x GC

Odds ratio
Odds Ratio Lower 95% Upper 95%
0
.
.

Odds Ratio Lower 95% Upper 95%
0
.
.
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Energy Star &
Developer’s previous exposure to Energy Star
Energy Star
Count 1
0
Total %
Col %
Row %
1
1
1
2
1.19
1.19
2.38
9.09
1.37
50.00 50.00
0
10
72
82
11.90 85.71 97.62
90.91 98.63
12.20 87.80
11
73
84
13.10 86.90

Tests
N
84

Owner's exposure to Energy Star

Contingency
tables

Developer's exposure to Energy
Star

B.3.2 Contingency analysis of Energy Star by stakeholders’ previous collaboration and exposure to Energy Star (continued)
Energy Star &
Owner’s previous exposure to Energy Star
Energy Star
Count 0
1
Total %
Col %
Row %
0
104
22
126
78.20 16.54 94.74
94.55 95.65
82.54 17.46
1
6
1
7
4.51
0.75
5.26
5.45
4.35
85.71 14.29
110
23
133
82.71 17.29
N
133

DF -LogLike RSquare (U)
1 0.81676276
0.0250

DF -LogLike RSquare (U)
1 0.02447983
0.0004

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
1.634
0.2012
Pearson
2.452
0.1174

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
0.049
0.8249
Pearson
0.047
0.8289

Fisher's
Exact Test
Prob Alternative Hypothesis
Left
0.9842 Prob(Energy Star=0) is greater for Developer's exposure to Energy Star=1 than 0
Right
0.2461 Prob(Energy Star=0) is greater for Developer's exposure to Energy Star=0 than 1
2-Tail
0.2461 Prob(Energy Star=0) is different across Developer's exposure to Energy Star

Fisher's
Exact Test
Prob Alternative Hypothesis
Left
0.6518 Prob(Energy Star=1) is greater for Owner's exposure to Energy Star=0 than 1
Right
0.7442 Prob(Energy Star=1) is greater for Owner's exposure to Energy Star=1 than 0
2-Tail
1.0000 Prob(Energy Star=1) is different across Owner's exposure to Energy Star

Odds ratio
Odds Ratio Lower 95% Upper 95%
7.2
0.416631
124.4266

Odds Ratio Lower 95% Upper 95%
0.787879
0.090283
6.875609
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Energy Star &
Architect’s previous exposure to Energy Star
Energy Star
Count 0
1
Total %
Col %
Row %
0
132
20
152
82.50 12.50 95.00
96.35 86.96
86.84 13.16
1
5
3
8
3.13
1.88
5.00
3.65 13.04
62.50 37.50
137
23
160
85.63 14.38

GC's exposure to Energy Star

Contingency
tables

Architect's exposure to Energy
Star

B.3.2 Contingency analysis of Energy Star by stakeholders’ previous collaboration and exposure to Energy Star (continued)
Energy Star &
General contractor’s previous exposure to Energy Star
Energy Star
Count 0
1
Total %
Col %
Row %
0
41
10
51
68.33 16.67 85.00
87.23 76.92
80.39 19.61
1
6
3
9
10.00
5.00 15.00
12.77 23.08
66.67 33.33
47
13
60
78.33 21.67

Tests
N
160

DF
1

N
60

-LogLike RSquare (U)
1.3962108
0.0212

DF -LogLike RSquare (U)
1 0.38996569
0.0124

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
2.792
0.0947
Pearson
3.659
0.0558

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
0.780
0.3772
Pearson
0.849
0.3568

Fisher's
Exact Test
Prob Alternative Hypothesis
Left
0.9844 Prob(Energy Star=1) is greater for Architect's exposure to Energy Star=0 than 1
Right
0.0898 Prob(Energy Star=1) is greater for Architect's exposure to Energy Star=1 than 0
2-Tail
0.0898 Prob(Energy Star=1) is different across Architect's exposure to Energy Star

Fisher's
Exact Test
Prob Alternative Hypothesis
Left
0.9083 Prob(Energy Star=1) is greater for GC's exposure to Energy Star=0 than 1
Right
0.2995 Prob(Energy Star=1) is greater for GC's exposure to Energy Star=1 than 0
2-Tail
0.3916 Prob(Energy Star=1) is different across GC's exposure to Energy Star

Odds ratio
Odds Ratio Lower 95% Upper 95%
3.96
0.877751
17.86566

Odds Ratio Lower 95% Upper 95%
2.05
0.435661
9.64627
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B.3.3 Contingency analysis of green building certifications (LEED and Energy Star) by stakeholders’ previous collaboration and
exposure to green buildings

Developer x Architect

Developer x Owner

Contingency
tables

Green building certifications &
Developer x Owner
Green Bldg Standards
Count 0
1
Total %
Col %
Row %
0
37
10
47
67.27 18.18 85.45
86.05 83.33
78.72 21.28
1
6
2
8
10.91
3.64 14.55
13.95 16.67
75.00 25.00
43
12
55
78.18 21.82

Green building certifications &
Developer x Architect
Green Bldg Standards
Count 0
1
Total %
Col %
Row %
0
57
12
69
76.00 16.00 92.00
90.48 100.00
82.61 17.39
1
6
0
6
8.00
0.00
8.00
9.52
0.00
100.00
0.00
63
12
75
84.00 16.00

Tests
N
55

N
75

DF
-LogLike RSquare (U)
1 0.02703568
0.0009

DF
1

-LogLike RSquare (U)
1.0946942
0.0332

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
0.054
0.8161
Pearson
0.056
0.8137

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
2.189
0.1390
Pearson
1.242
0.2650

Fisher's
Exact Test
Prob Alternative Hypothesis
Left
0.7672 Prob(Green Bldg Standards=1) is greater for Developer x Owner=0 than 1
Right
0.5633 Prob(Green Bldg Standards=1) is greater for Developer x Owner=1 than 0
2-Tail
1.0000 Prob(Green Bldg Standards=1) is different across Developer x Owner

Fisher's
Exact Test
Prob Alternative Hypothesis
Left
0.3374 Prob(Green Bldg Standards=1) is greater for Developer x Architect=0 than 1
Right
1.0000 Prob(Green Bldg Standards=1) is greater for Developer x Architect=1 than 0
2-Tail
0.5811 Prob(Green Bldg Standards=1) is different across Developer x Architect

Odds ratio
Odds Ratio Lower 95% Upper 95%
0
.
.

Odds Ratio Lower 95% Upper 95%
1.233333
0.215154
7.069872
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B.3.3 Contingency analysis of green building certifications (LEED and Energy Star) by stakeholders’ previous collaboration and
exposure to green buildings (continued)

Owner x Architect

Developer x GC

Contingency
tables

Green building certifications &
Developer x General contractor
Green Bldg Standards
Count 0
1
Total %
Col %
Row %
0
24
4
28
72.73 12.12 84.85
88.89 66.67
85.71 14.29
1
3
2
5
9.09
6.06 15.15
11.11 33.33
60.00 40.00
27
6
33
81.82 18.18

Green building certifications &
Owner x Architect
Green Bldg Standards
Count 0
1
Total %
Col %
Row %
0
82
23
105
74.55 20.91 95.45
95.35 95.83
78.10 21.90
1
4
1
5
3.64
0.91
4.55
4.65
4.17
80.00 20.00
86
24
110
78.18 21.82

Tests
N
33

N
110

DF
-LogLike RSquare (U)
1 0.79828208
0.0510

DF
-LogLike RSquare (U)
1 0.00517719
0.0001

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
1.597
0.2064
Pearson
1.886
0.1697

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
0.010
0.9189
Pearson
0.010
0.9197

Fisher's
Exact Test
Prob Alternative Hypothesis
Left
0.9687 Prob(Green Bldg Standards=1) is greater for Developer x GC=0 than 1
Right
0.2162 Prob(Green Bldg Standards=1) is greater for Developer x GC=1 than 0
2-Tail
0.2162 Prob(Green Bldg Standards=1) is different across Developer x GC

Fisher's
Exact Test
Prob Alternative Hypothesis
Left
0.7010 Prob(Green Bldg Standards=1) is greater for Owner x Architect=0 than 1
Right
0.7155 Prob(Green Bldg Standards=1) is greater for Owner x Architect=1 than 0
2-Tail
1.0000 Prob(Green Bldg Standards=1) is different across Owner x Architect

Odds ratio
Odds Ratio Lower 95% Upper 95%
0.891304
0.094927
8.368749

Odds Ratio Lower 95% Upper 95%
4
0.500293
31.98126
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B.3.3 Contingency analysis of green building certifications (LEED and Energy Star) by stakeholders’ previous collaboration and
exposure to green buildings (continued)

Tests

N
53

Architect x GC

Owner x GC

Contingency
tables

Green building certifications &
Owner x General contractor
Green Bldg Standards
Count 0
1
Total %
Col %
Row %
0
36
14
50
67.92 26.42 94.34
92.31 100.00
72.00 28.00
1
3
0
3
5.66
0.00
5.66
7.69
0.00
100.00
0.00
39
14
53
73.58 26.42

Green building certifications &
Architect x General contractor
Green Bldg Standards
Count 0
1
Total %
Col %
Row %
0
44
14
58
73.33 23.33 96.67
95.65 100.00
75.86 24.14
1
2
0
2
3.33
0.00
3.33
4.35
0.00
100.00
0.00
46
14
60
76.67 23.33
N
60

DF
-LogLike RSquare (U)
1 0.95209873
0.0311

DF -LogLike RSquare (U)
1 0.54181878
0.0166

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
1.904
0.1676
Pearson
1.142
0.2853

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
1.084
0.2979
Pearson
0.630
0.4275

Fisher's
Exact Test
Prob Alternative Hypothesis
Left
0.3901 Prob(Green Bldg Standards=1) is greater for Owner x GC=0 than 1
Right
1.0000 Prob(Green Bldg Standards=1) is greater for Owner x GC=1 than 0
2-Tail
0.5572 Prob(Green Bldg Standards=1) is different across Owner x GC

Fisher's
Exact Test
Prob Alternative Hypothesis
Left
0.5847 Prob(Green Bldg Standards=1) is greater for Architect x GC=0 than 1
Right
1.0000 Prob(Green Bldg Standards=1) is greater for Architect x GC=1 than 0
2-Tail
1.0000 Prob(Green Bldg Standards=1) is different across Architect x GC

Odds ratio
Odds Ratio Lower 95% Upper 95%
0
.
.

Odds Ratio Lower 95% Upper 95%
0
.
.

130

B.3.3 Contingency analysis of green building certifications (LEED and Energy Star) by stakeholders’ previous collaboration and
exposure to green buildings (continued)

Tests

Odds
ratio

N
84

DF -LogLike RSquare (U)
1 0.73961737
0.0215

Green building certifications &
Owner’s previous exposure to green building certification
Green Bldg Standards
Count 0
1
Total %
Col %
Row %
0
102
23
125
76.69 17.29 93.98
93.58 95.83
81.60 18.40
1
7
1
8
5.26
0.75
6.02
6.42
4.17
87.50 12.50
109
24
133
81.95 18.05

Owner's exposure to green bldg
standards

Developer's exposure to green
bldg standards

Contin
gency
tables

Green building certifications &
Developer’s previous exposure to green building certification
Green Bldg Standards
Count 0
1
Total %
Col %
Row %
0
71
11
82
84.52 13.10 97.62
98.61 91.67
86.59 13.41
1
1
1
2
1.19
1.19
2.38
1.39
8.33
50.00 50.00
72
12
84
85.71 14.29

N
133

DF -LogLike RSquare (U)
1 0.09643843
0.0015

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
1.479
0.2239
Pearson
2.134
0.1441

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
0.193
0.6605
Pearson
0.177
0.6740

Fisher's
Exact Test
Prob Alternative Hypothesis
Left
0.9811 Prob(Green Bldg Standards=1) is greater for Developer's exposure to green bldg standards=0 than 1
Right
0.2668 Prob(Green Bldg Standards=1) is greater for Developer's exposure to green bldg standards=1 than 0
2-Tail
0.2668 Prob(Green Bldg Standards=1) is different across Developer's exposure to green bldg standards

Fisher's
Exact Test
Prob Alternative Hypothesis
Left
0.5589 Prob(Green Bldg Standards=1) is greater for Owner's exposure to green bldg standards=0 than 1
Right
0.8061 Prob(Green Bldg Standards=1) is greater for Owner's exposure to green bldg standards=1 than 0
2-Tail
1.0000 Prob(Green Bldg Standards=1) is different across Owner's exposure to green bldg standards

Odds Ratio Lower 95% Upper 95%
6.454545
0.375744
110.8765

Odds Ratio Lower 95% Upper 95%
0.63354
0.074273
5.40403
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B.3.3 Contingency analysis of green building certifications (LEED and Energy Star) by stakeholders’ previous collaboration and
exposure to green buildings (continued)

Tests

Odds
ratio

N
160

Green Bldg Standards
1
Count 0
Total %
Col %
Row %
0
129
22
151
80.63 13.75 94.38
95.56 88.00
85.43 14.57
1
6
3
9
3.75
1.88
5.63
4.44 12.00
66.67 33.33
135
25
160
84.38 15.63

Green building certifications &
General contractor’s previous exposure to green building
certification
Green Bldg Standards
1
Count 0
Total %
Col %
Row %
0
41
10
51
68.33 16.67 85.00
89.13 71.43
80.39 19.61
1
5
4
9
8.33
6.67 15.00
10.87 28.57
55.56 44.44
46
14
60
76.67 23.33

GC's exposure to green bldg
standards

Contin
gency
tables

Architect's exposure to green
bldg standards

Green building certifications &
Architect’s previous exposure to green building certification

N
60

DF -LogLike RSquare (U)
1 0.92467099
0.0133

DF -LogLike RSquare (U)
1 1.1729111
0.0360

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
1.849
0.1739
Pearson
2.268
0.1320

Test
ChiSquare Prob>ChiSq
Likelihood Ratio
2.346
0.1256
Pearson
2.638
0.1043

Fisher's
Exact Test
Prob Alternative Hypothesis
Left
0.9657 Prob(Green Bldg Standards=1) is greater for Architect's exposure to green bldg standards=0 than 1
Right
0.1490 Prob(Green Bldg Standards=1) is greater for Architect's exposure to green bldg standards=1 than 0
2-Tail
0.1490 Prob(Green Bldg Standards=1) is different across Architect's exposure to green bldg standards

Fisher's
Exact Test Prob Alternative Hypothesis
Left
0.9746 Prob(Green Bldg Standards=1) is greater for GC's exposure to green bldg standards=0 than 1
Right
0.1182 Prob(Green Bldg Standards=1) is greater for GC's exposure to green bldg standards=1 than 0
2-Tail
0.1928 Prob(Green Bldg Standards=1) is different across GC's exposure to green bldg standards

Odds Ratio Lower 95% Upper 95%
3.28
0.74261
14.48729

Odds Ratio Lower 95% Upper 95%
2.931818
0.682388
12.59628
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