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Abstract
Dicks, Evan Penner (M.S., Civil, Environmental, and Architectural Engineering)
Scope Definition of Air Force Design and Construction Projects
Thesis directed by Professor Keith Molenaar and co-directed by Professors Paul Goodrum and
Senior Instructor Matt Morris
Industry practitioners and researchers recognize project scope definition as a factor of
project success in terms of cost and schedule. The Construction Industry Institute developed the
Project Definition Rating Index (PDRI) as a tool to aid in project scope development. The Air
Force has adopted use of this tool, though has yet to validate its effectiveness empirically. The
objective of this study is to provide that empirical validation by comparing the cost, schedule,
and budget estimate performance metrics of Air Force military construction (MILCON) projects
that used the PDRI against those that did not. Project data for 263 (100 PDRI and 163 non-PDRI)
MILCON projects worth $3.9 Billion were analyzed. The projects that used the PDRI performed
better on all three metrics, with statistically significant results on both cost and schedule growth.
This study provides empirical evidence of how the use of formal scope definition tools can
improve project performance.
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Chapter 1: Introduction
As the United States (US) national debt approaches $20 Trillion, the need for budget
scrutiny becomes increasingly clear. Due to the large fiscal demand, Military Construction
(MILCON) projects are an area in which leaders are actively pursuing solutions to maximize the
benefit of public expenditure. The MILCON program received just over $8 Billion in Fiscal Year
2016 (FY16), of which nearly $1.4 Billion was directed to the Air Force MILCON program
(114th Congress 2015). An analysis of 337 Air Force MILCON projects from 2000 to 2013
worth $4.1 Billion showed an average cost growth of 6.4% with as high as 11.4% cost growth on
the traditional design-bid-build projects with a design duration under 180 days (Stouter 2016).
This is a clear demonstration of one performance issue, and the problem is not unique to the
Department of Defense. Wang (2002) studied 78 building projects that showed an average cost
growth of 10.6% and an average schedule growth of 16.9%. Gibson et al. (2006a) later studied
108 building projects with an average cost growth of 7.9% and schedule growth of 17.5%.
Finally, Chen et al. (2015) found an average cost growth of 6.5% through a study of 254 public
building projects using the design-build delivery method. It is clear that the construction industry
as a whole faces performance challenges on building projects.
When projects miss their initial budget and schedule goals, they suffer not only from the
direct effects, but also less quantifiable indirect effects. Chester and Hendrickson (2005) cite
impacts such as legal claims arising from a mismanaged project, the sacrifice of safety or quality
to accelerate a project behind schedule, and having a negative effect on the willingness, price,
and quality of proposals on future projects. In an extreme scenario, a project may be completely
abandoned or cancelled if the budget or schedule goals are not met (Mukuka et al. 2015).
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Cost, schedule, and scope make up what is often called the “iron triangle” in construction
project management, suggesting that impacting one will inevitably affect the other two. The goal
of project management is then finding the most effective combination of these three constraints
to meet the project objectives; managers must actively make tradeoffs among them throughout
the project cycle. Increased scope definition has emerged as a solution to improving cost and
schedule performance. Based on this goal, and building on the progress of past research, the
purpose of this thesis is to evaluate the effectiveness of using a formal scope definition tool
during project planning.

1.1 Literature Review
1.1.1 Scope Definition
With the iron triangle of constraints in mind, one can see why scope definition is
commonly highlighted as a fundamental aspect of construction project management. The level to
which the project development teams define scope requirements has been widely linked as a key
factor for project success (Songer and Molenaar 1997; Dumont et al. 1997; Chan et al. 2001; Cho
and Gibson 2001; Song and AbouRizk 2005; Cho et al. 2009). These research efforts point out
that poor or incomplete scope definition can lead to changes, delays, and rework that result in
cost and schedule overruns, sometimes even leading to failure. Chritamara et al. (2001)
explained the importance of initial scope establishment before engaging a design-build
contractor. An empirical study by Xia et al. (2015) highlights a direct causal effect of project
definition on performance in addition to an indirect effect through design quality, project
communication, and alignment.
Front end planning has been studied through research efforts of the Construction Industry
Institute (CII) beginning in 1991. One result of these efforts was the creation of the Project
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Definition Rating Index (PDRI). While the original PDRI was created for application on
industrial projects, later iterations of the tool added building and infrastructure projects to its
capabilities (Cho and Gibson 2000; Bingham 2010). The PDRI allows a project team to evaluate
the completeness of scope definition prior to detailed design or construction (Dumont et al.
1997). Specifically, this is the point where the project team has the highest influence on changes
to the project for the lowest cost.
The PDRI for buildings was developed to combat the frequent scope definition issues
faced by building project managers. It helps project stakeholders quickly analyze the scope
definition package and predict the factors that may impact project risk, specifically in regard to
buildings (Cho and Gibson 2000). The Building PDRI was the result of a multi-step development
process. First, the developers synthesized industry expert interviews with extensive literature
examination to identify the list of elements. Second, they used multiple workshops involving
input from experienced project managers, architects, and engineers with almost 1,500 total
collective years of building project expertise to evaluate the relative importance and weight the
PDRI elements (Cho and Gibson 2001). The final product consists of 64 elements grouped into
11 categories, and further grouped into three main sections, weighted by their importance to the
completeness of project scope definition. The comprehensive list of elements are shown in
Figure 1.

4

Figure 1. PDRI Sections, Categories, and Elements (Cho and Gibson 2001)

In addition to the simplified scoresheet, the PDRI contains detailed descriptions of each
element and instructions for scoring a project. The detailed descriptions highlight the important
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aspects of the element and provides suggestions for items that deserve consideration. An
example element description is shown in Figure 2.

Figure 2. Example Element Description, A2. Business Justification

Each element is scored on a scale from 1 to 5 based on their level of definition, or given a “0” if
the element does not apply to the particular project. The scoring procedure is illustrated in Figure
3. In the figure, “Phase Gate 3” corresponds to the beginning of the design stage of the project.

Figure 3. Element Scoring

Once every element is scored, the overall project score is determined by adding the weighted
scores. In this way, the tool can directly assess the overall scope definition level on a given

6
project; a higher score indicates poor definition and higher risk, while a lower score indicates
better definition and lower risk.
The PDRI for buildings was then validated through 33 projects selected non-randomly
and scored “after-the-fact.” The results showed a significant difference between projects with
lower PDRI scores (better level of scope definition) and projects with higher PDRI scores in
terms of cost, schedule, and change order performance. While the performance results focused
on the benefit of better scope definition in general, the team also conducted observations to
assess the effectiveness of the PDRI on current projects. Cho and Gibson (2001) summarized the
following observations:


The PDRI can be used effectively more than once during project planning.



The tool provides an excellent mechanism to identify specific problems and assign
actions.



Using the tool is an excellent way to align a project team.



The PDRI is effective even when used very early in the planning process. Individual
planners can use the tool at this point to identify potential problems and to organize their
work effort.



A facilitator provides a neutral party to help maintain consistency when scoring projects.



The team or individual scoring the project should focus on the scoring process, rather
than the final score, in order to honestly identify deficiencies.
While the PDRI can effectively measure the level of definition, the above observations

suggest that the true benefit of the tool is in the facilitation process. After using the PDRI, a
project team will understand the project challenges and risk areas, allowing them to develop and
implement corrective procedures. Because of the success of this tool in industry, the Air Force
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adopted its use beginning in 2008 by updating the Air Force Instruction for MILCON projects.
Use was later mandated through the planning and design instructions issued by the Air Force
Civil Engineer Center that authorize those respective phases of the project.
1.1.2 Project Performance
Each construction project is unique, involving different stakeholders, limitations, and
objectives. As a result, it is difficult to apply the same success criteria among a vast set of
projects. Researchers have varied in how they define and measure project success, but Atkinson
(1999) summarizes that cost, time, and quality have led performance measurement in project
management over the last 50 years. Table 2 shows authors that have linked project definition to
performance.
Table 1. Defining project performance

Author

Dumont et al. 1997
Songer and Molenaar 1997
Cho and Gibson 2000
Griffith and Gibson 2001
Chritamara et al. 2001
Wang 2002
Gibson et al. 2006
Atkinson et al. 2006
Le et al. 2009
Cho et al. 2009
Bingham 2010
Fageha et al. 2014
Rosenfeld 2014
Xia et al. 2015

Schedule Cost

X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X

Cost Definition
Final Estimate
x

Final Contract

Predictability

x
x
x

x
x

x
x
x
x
x
x

x
x

x
x
x

These authors all describe that both schedule and cost are key metrics for determining project
success. Dumont et al. (1997), Cho and Gibson (2000), Wang (2002), and Bingham (2010) all
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studied the PDRI directly. These four authors cited benefits to project performance, measuring
cost growth as the difference between the final project cost and the engineer’s estimate, schedule
growth, and the cost of change orders as a percentage of the project budget. Seven authors
measured cost growth as the difference between the final project cost and the amount specified in
the contract. Four authors identified that increased scope definition can lead to enhanced
predictability of the budget. Additionally, these authors described benefits to the quality of the
project, but due to data availability and time limitations, quality performance metrics are outside
the scope of this research.
Measuring project performance in the Air Force in particular has evolved over the years,
resulting in the current “Ribbon Cutter” criteria, which measure design, award, construction, and
closure performance for the project. The construction performance category consists primarily of
cost and schedule growth.
1.1.3 MILCON Background
To understand this research, the MILCON process must first be explained. Title 10,
United States (U.S.) Code, Section 2801, defines military construction as “development,
conversion, or extension of any kind carried out with respect to a military installation. MILCON
includes construction projects for all types of buildings, roads, airfield pavements, and utility
systems costing $750,000 or more” (Department of the Air Force 2014). The program
subdivides this process into planning, programming, design, and construction phases, and
typically executes these projects over three to five years, see Figure 4.
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Figure 4. MILCON Timeline (adapted from Department of the Air Force 2013)

The planning and programming phases take place at the installation or base level.
Installations identify facility needs 3-5 years in the future and determine which needs cannot be
met with existing facilities. Installation commanders then review, validate, and prioritize
MILCON facility requirements (Department of the Air Force 2014). The output of the MILCON
planning and programming process is the Department of Defense form 1391 (DD 1391) Military
Construction Project Data. “The DD 1391, by itself, shall explain and justify the project to all
levels of the AF, Office of the Secretary of Defense (OSD), Office of Management and Budget,
and Congress. Justification data shall clearly describe the impact on mission, people,
productivity, life-cycle cost, etc., if the project is not accomplished” (Department of the Air
Force 2014). During these phases and included in the DD 1391, the installations produce cost
estimates and define the scope of the project. The project then competes among different
submissions across the Air Force, and once it is approved, it is submitted to congress, and signed
into law in the president’s budget. It should be noted that not all submitted projects are
approved, and that projects are submitted to the OSD before detailed design begins, meaning that
the project is at most 35% designed prior to submission.
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The design and construction phases are then managed by the Air Force Civil Engineer
Center (AFCEC). Progress and performance are tracked through the Automated Civil
Engineering System-Project Management (ACES-PM). The design for the project converts the
requirements identified in the previous phases into a usable facility. Both design-build and
design-bid-build delivery methods can be used, and projects are typically tracked to one of these
during the preliminary design stage. Design-build projects then prepare a Request for Proposal to
guide bid submissions, while design-bid-build projects complete the detailed design on which
construction firms will bid. After the project scope and budget have been approved, there are
tight restrictions on changing the scope to align with the budget. For this reason, detail and
accuracy in the early stages of the project are crucial to the success of the project in the
construction phase.

1.2 Point of Departure
Previous research has thoroughly demonstrated the link between project definition and
project performance. Collaborative efforts from academics and industry practitioners have
created tools like the PDRI to aid in effective scope development, and observed the benefits of
these tools on project planning. Despite the amount of ground covered by previous research,
several gaps emerge. Perhaps due to a lack of projects sets that can be compared directly, there
are no studies comparing the performance of projects that have used the PDRI against projects
that have not. Additionally, little research has been conducted on military projects in this area.
Finally, the studies analyzing performance as a product of PDRI score used “after the fact”
scores, where managers rated the definition of the project scope after completion, possibly
introducing biases from recollection ability and how well the project performed (Dumont et al.
1997, Cho and Gibson 2001, Wang 2002). No study has measured the impact of this tool from
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implementation at the planning stage. This paper will address these gaps by answering the
following question:


How does the implementation of a formal scope definition tool impact project
performance in terms of cost growth, schedule growth, and the ability to accurately
estimate the budget?

1.3 Research Method
When a study seeks to examine a relationship between variables, empirical research is the
most appropriate method, and the approach is considered to be the most powerful support for a
given hypothesis (Kothari 2004). The empirical approach requires data-based observations of the
variables that can answer the research question. In this study, the aim is to examine the
relationship between using a formal scope definition tool and the performance of a project by
comparing performance data in an existing military construction project database. As a result,
individual projects are the units of analysis for this research.
To answer the question posed for this research as accurately as possible, projects were
considered for analysis only if they were (1) located in the US, including Alaska and Hawaii, and
(2) executed from FY09 to FY14. Data was collected from two different sources: The Air Force
ACES-PM system, and the US Army Corps of Engineers (USACE) PDRI website. ACES-PM is
the primary system of record for Air Force construction projects and tracks over 100 unique
fields of project data. The PDRI website is maintained by the Corps, but tracks PDRI progress
and results across all military branches and all three execution agencies. The data from ACESPM was pulled on 19 April 2016 and consisted of 263 projects meeting the stated selection
criteria. The data from the PDRI website was accessed on 27 August 2016 and consisted of 100
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projects meeting the stated selection criteria. The project data was analyzed using the appropriate
statistical tests.

1.4 Thesis Format
This thesis follows the “journal paper” format. Chapter 2 is a stand-alone paper that will
be submitted to an academic journal. As a result, the chapter has its own abstract, introduction,
background, methodology, results, discussion, and conclusion sections. In this format, there will
inevitably be some degree of overlap. The final chapter in this thesis discusses the research
contributions, limitations, and potential future research.
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Chapter 2: Scope Definition of Air Force Design and Construction
Projects
2.1 Abstract
Industry practitioners and researchers recognize project scope definition as a factor of
project success in terms of cost and schedule. The Construction Industry Institute developed the
Project Definition Rating Index (PDRI) as a tool to aid in the effectiveness of scope
development. The Air Force has adopted use of this tool, though has yet to validate its
effectiveness empirically. The objective of this study is to provide that empirical validation by
comparing the cost, schedule, and budget estimate performance metrics of Air Force military
construction (MILCON) projects that used the PDRI against those that did not. Project data for
263 (100 PDRI and 163 non-PDRI) MILCON projects were analyzed. The projects that used the
PDRI performed better on all three metrics, with statistically significant results on both cost and
schedule growth. This study provides empirical evidence of how the use of formal scope
definition tools can improve performance for Air Force MILCON projects. When compared to
previous research, the study also contributes to a broader understanding of scope definition in the
design and construction industry.
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2.2 Introduction
As the United States (US) national debt approaches $20 Trillion, the need for budget
scrutiny becomes increasingly clear. Due to the large fiscal demand, Military Construction
(MILCON) projects are an area in which leaders are actively pursuing solutions to maximize the
benefit of public expenditure. The MILCON program received just over $8 Billion in Fiscal Year
2016 (FY16), of which nearly $1.4 Billion was directed to the Air Force MILCON program
(114th Congress 2015). An analysis of 337 Air Force MILCON projects from 2000 to 2013
worth $4.1 Billion showed an average cost growth of 6.4% with as high as 11.4% cost growth on
the traditional design-bid-build projects with a design duration under 180 days (Stouter 2016).
This is a clear demonstration of one performance issue, and the problem is not unique to the
Department of Defense. Wang (2002) studied 78 building projects that showed an average cost
growth of 10.6% and an average schedule growth of 16.9%. Gibson et al. (2006a) later studied
108 building projects with an average cost growth of 7.9% and schedule growth of 17.5%.
Finally, Chen et al. (2015) found an average cost growth of 6.5% through a study of 254 public
building projects using the design-build delivery method.
When projects miss their initial budget and schedule goals, they suffer not only from the
direct effects, but also less quantifiable indirect effects. Chester and Hendrickson (2005) cite
impacts such as legal claims arising from a mismanaged project, the sacrifice of safety or quality
to accelerate a project behind schedule, and having a negative effect on the willingness, price,
and quality of proposals on future projects. In an extreme scenario, a project may be completely
abandoned or cancelled if the budget or schedule goals are not met (Mukuka et al. 2015).
Increased scope definition has emerged as a potential solution to improving cost performance,
among other metrics.
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This is the first study analyzing the effectiveness of planning tools that were used in real
time and one of the largest studies on projects using the Project Definition Rating Index (PDRI)
to date. Further, this study benefits from the use of a controlled database where projects are all
developed under a standardized process and executed in a similar manner. Previous scope
definition research has suffered from a lack of available projects and an “after-the-fact”
implementation of planning tools that measures the level of scope definition rather than the direct
benefit of the tools themselves. As a means to add to the current body of knowledge, this
research seeks to empirically discover the effectiveness of the PDRI on Air Force MILCON
projects by comparing the performance metrics of those that used a formal scope definition tool
prior to construction with those that did not.

2.3 Background
The MILCON program provides a structure to manage new facility, major renovation,
and repair projects costing $750,000 or more (Department of the Air Force 2014). The program
subdivides this process into planning, programming, design, and construction phases, and
typically executes these projects over three to five years, see Figure 5.

Figure 5. MILCON Timeline (adapted from Department of the Air Force 2013)
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The planning and programming phases develop the requirements into a usable facility and
complete the initial cost estimate. The initial project submission takes place shortly after the cost
and scope validation, between the preliminary and detailed design stages. With the initial scope
development and cost estimates taking place early in the project timeline, and because of the
restrictions governing scope and budget modifications after approval, the importance of
thoroughness and rigor on these processes is evident.
The level to which the project development teams define scope requirements has been
widely linked as a key factor for project success (Songer and Molenaar 1997; Dumont et al.
1997; Chan et al. 2001; Cho and Gibson 2001; Song and AbouRizk 2005; Cho et al. 2009).
These research efforts point out that poor or incomplete scope definition can lead to changes,
delays, and rework that result in cost and schedule overruns, sometimes even leading to failure.
Chritamara et al. (2001) explained the importance of initial scope establishment before engaging
a design-build contractor. An empirical study by Xia et al. (2015) highlights a direct causal effect
of project definition on performance in addition to an indirect effect through design quality,
project communication, and alignment.
Front end planning has been studied through research efforts of the Construction Industry
Institute (CII) beginning in 1991. One result of these efforts was the creation of the Project
Definition Rating Index (PDRI). While the original PDRI was created for application on
industrial projects, later iterations of the tool added building and infrastructure projects to its
capabilities (Cho and Gibson 2000; Bingham 2010). The PDRI allows a project team to evaluate
the completeness of scope definition prior to detailed design or construction (Dumont et al.
1997). Specifically, this is the point where the project team has the highest influence on changes
to the project for little cost.
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The PDRI for Buildings was developed to combat the frequent scope definition issues
faced by building project managers. It helps project stakeholders quickly analyze the scope
definition package and predict the factors that may impact project risk, specifically in regard to
buildings (Cho and Gibson 2000). The Building PDRI was the result of a multi-step development
process. First, the developers synthesized industry expert interviews with extensive literature
examination to identify the list of elements. Second, they used multiple workshops involving
input from experienced project managers, architects, and engineers with almost 1,500 total
collective years of building project expertise to evaluate the relative importance and weight the
PDRI elements (Cho and Gibson 2001). The final product consists of 64 elements grouped into
11 categories, and further grouped into three main sections, weighted by their importance to the
completeness of project scope definition. The weighted scoresheet is shown in Appendix A.
In addition to the scoresheet, the PDRI contains detailed descriptions of each element and
instructions for scoring a project. The CII team then validated the tool through 33 projects
selected non-randomly and scored “after-the-fact.” The results showed a significant difference
between projects with lower PDRI scores (better level of scope definition) and projects with
higher PDRI scores in terms of cost, schedule, and change order performance. While the
performance results focused on the benefit of better scope definition in general, the team also
conducted observations to assess the effectiveness of the PDRI on current projects. Cho and
Gibson (2001) summarized the following observations:


The PDRI can be used effectively more than once during project planning.



The tool provides an excellent mechanism to identify specific problems and assign
actions.



Using the tool is an excellent way to align a project team.
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The PDRI is effective even when used very early in the planning process. Individual
planners can use the tool at this point to identify potential problems and to organize their
work effort.



A facilitator provides a neutral party to help maintain consistency when scoring projects.



The team or individual scoring the project should focus on the scoring process, rather
than the final score, in order to honestly identify deficiencies.
While the PDRI can effectively measure the level of definition, the above observations

suggest that the true benefit of the tool is in the facilitation process. After using the PDRI, a
project team will understand the project challenges and risk areas, allowing them to develop and
implement corrective procedures. Because of the success of this tool in industry, the Air Force
adopted its use beginning in 2008 by updating the Air Force Instruction for MILCON projects.
Use was later mandated through the planning and design instructions issued by the Air Force
Civil Engineer Center that authorize those respective phases of the project.

2.4 Measuring Project Performance
Each construction project is unique, involving different stakeholders, limitations, and
objectives. As a result, it is difficult to apply the same success criteria among a vast set of
projects. Researchers have varied in how they define and measure project success, but Atkinson
(1999) summarizes that cost, time, and quality have led performance measurement in project
management over the last 50 years. The Air Force has established performance criteria of their
own, including cost growth, schedule growth, and award ratio. Table 2 shows authors that have
linked project definition to performance. These authors all describe that both schedule and cost
are key metrics for determining project success.
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Table 2. Authors linking project definition to performance

Cost Performance Definition
Final - Estimate
Final - Contract
Dumont et al. 1997*
Songer and Molenaar 1997*
Cho and Gibson 2000
Chritamara et al. 2001
Chan et al. 2001*
Atkinson et al. 2006*
Wang 2002
Le et al. 2009
Gibson et al. 2006*
Cho et al. 2009
Bingham 2010
Fageha et al. 2014
Xia et al. 2015
Rosenfeld 2014
*Indicates more than 75 citations

Predictability
Griffith and Gibson 2001
Chritamara et al. 2001
Cho et al. 2009
Bingham 2010

The table indicates that the measurement of cost performance varies to some degree,
which can be attributed to available information at the time of the studies and the different
objectives of the studies themselves. Schedule performance is measured by comparing the actual
duration to the planned duration. Additionally, these authors described benefits to the quality of
the project, but due to data availability and time limitations, quality performance metrics are
outside the scope of this research.

2.5 Methodology
When a study seeks to examine a relationship between variables, empirical research is the
most appropriate method, and the approach is considered to be the most powerful support for a
given hypothesis (Kothari 2004). The empirical approach requires data-based observations of the
variables that can answer the research question. In this study, we aim to examine the relationship
between using a formal scope definition tool and the performance of a project by comparing
performance data in an existing military construction project database.
There are several advantages to performing a study on this particular data set. First,
military construction projects are a well-documented and reliable data source due to process
consistency and Congressional oversight (Rosner et al. 2009). Second, performance data is
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managed in a central database where projects can be easily compared. Finally, because of the
process consistency and similarities in project development, variables can be controlled more
easily, leading to enhanced clarity in the results.
Overall performance data and project characteristics were collected from the Automated
Civil Engineering System-Project Management (ACES-PM) database on 19 April 2016. ACESPM is the primary system of record for Air Force construction projects. It is updated by project
managers and maintained by the Air Force Civil Engineer Center. PDRI results were collected
from the US Army Corps of Engineers. The Corps of Engineers is the largest of three executing
agencies in the MILCON program. The agency maintains the PDRI database for the entire
Department of Defense, so that every MILCON project using the PDRI is tracked in the same
location.
Despite the advantages, there are some limitations concerning the accuracy and
thoroughness of the data in ACES-PM. Some of the projects within the database were missing
data or clearly inaccurate upon review, such as a negative duration. These were omitted from the
analysis and results. Although this was rare, it suggests that the data in the system is not flawless
or immune to human error. Extreme outliers were identified in the data set using the statistical
software MVPstats that defines an outlier as “extreme” if it is more than 3 times the interquartile
range above the third quartile or below the first quartile (MVP Programs 2014). These outliers
were examined to determine whether the data was simply entered incorrectly or if the project
actually experienced extreme performance differences. Extreme outliers were removed from the
data set as they were either anomalies or the result of entry errors. The resulting data set was 263
projects (100 that used the PDRI and 163 that did not) representing $3.9 Billion in cost.
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For projects that used the PDRI, there are three “gates” along the project timeline that
project team facilitates a PDRI: Planning, Design, and Ready to Advertise. Referring back to
Figure 5, the Planning gate occurs during the initial planning instruction, and the Design gate
occurs at the preliminary design stage. The Ready to Advertise gate does not occur until after the
project budget has been submitted to Congress. Therefore, projects that facilitated a PDRI only at
the Ready to Advertise gate were omitted from the data set for the budget accuracy comparison
because the benefit of using the tool would not be captured in this metric (i.e. the budget on
which we are measuring accuracy was submitted before the team facilitated a PDRI).
2.5.1 Performance Metrics
To maintain consistency with previous research efforts, and because of the stated
MILCON project management goals, we selected cost growth, schedule growth, and budget
accuracy as the metrics to evaluate the project performance. The metrics are defined and
discusses in the following paragraphs.
The cost growth calculation comes directly from the process used by the Air Force for
assessment. It is a direct ratio of the actual cost of the project to what was specified in the
construction contract. This study models cost growth in the equation
𝐶𝑜𝑠𝑡 𝐺𝑟𝑜𝑤𝑡ℎ (%) = [(

𝐴𝑐𝑡𝑢𝑎𝑙 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐶𝑜𝑠𝑡
) − 1] × 100
𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡 𝐴𝑚𝑜𝑢𝑛𝑡

where the Actual Project Cost is the sum of modifications to the contract and the original
contract amount, and the Original Contract Amount was the winning bid (or proposal) and
contract price. The Air Force currently tracks modifications using nine different “reason codes”
ranging from a user-requested change to an error/omission in the requirements. A detailed look
at contract modifications was not included in this study.
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Schedule growth is used to describe the relationship between planned completion and
actual completion. The equation used to calculate schedule growth is
𝐴𝑐𝑡𝑢𝑎𝑙 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛
𝑆𝑐ℎ𝑒𝑑𝑢𝑙𝑒 𝐺𝑟𝑜𝑤𝑡ℎ (%) = [(
) − 1] × 100
𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛
where Actual Project Duration is calculated as the difference between the date that the contractor
had completed enough of the work for the end user to move in and begin operating (Beneficial
Occupancy Date) and the date that the contractor was issued a notice to proceed indicating that
work can begin, and Contract Duration was the time allotted for construction specified in the
contract.
Budget accuracy was determined by isolating the amount dedicated for construction in
the programmed amount approved by Congress (shown as the President’s budget submission in
Figure 5), and comparing it to the awarded contract. We used the equation
𝐵𝑢𝑑𝑔𝑒𝑡 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 (%) =

|𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡 𝐴𝑚𝑜𝑢𝑛𝑡 − 𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝐵𝑢𝑑𝑔𝑒𝑡|
× 100
𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝐵𝑢𝑑𝑔𝑒𝑡

where the Construction Budget is the portion of the total approved budget dedicated for
construction. While awarding a contract under the budget is better than exceeding the budget, the
ideal scenario is to spend as close to the amount budgeted as possible, therefore, the accuracy
was determined by the absolute value of the difference between the contract amount and the
construction budget rather than simply the difference. If projects are consistently over-budgeted
(i.e., the budgeted amount consistently exceeds the bids), then projects are not being awarded in
an efficient manner, leading to a gap between the amount of projects that could have been
constructed from the funds available and the amount of projects that were actually built.
Conversely, under-budgeted projects require additional funds, which must also be approved by
Congress. This process causes an administrative burden while delaying the project completion.
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The calculated Construction Budget does not include standard contingency (5%) and the
supervision costs (5.7% for Continental US; 6.5% for Alaska/Hawaii) as these percentages are
not represented in the project bid or proposal. Design-build projects also include a 4% design
fee, but this was not factored into the calculation since that fee is included in the contractor’s
price proposal.
To analyze the data, the performance metrics were compared by testing the following
hypothesis:
Ho: the average performance of the projects using PDRI will be worse than or equal to
the average performance of projects that did not use the PDRI.
Ha: the average performance of the projects using PDRI will be significantly better than
those that did not use PDRI.
Testing the groups for statistical significance required first testing the variances to
determine the appropriate test for means. A t test was appropriate in this case because the
projects within both groups are independent of each other, and both groups were independent of
one another (Ramsey and Schafer 2012). This statistical test often assumes that the populations
are normally distributed, but the test is robust to this assumption if the number of projects is
sufficiently large, as is the case for this study (Ramsey and Schafer 2012). Using a one-tailed test
statistic, p values less than 0.05 were considered statistically significant, and p values less than
0.01 were considered highly significant.

2.6 Data Characteristics
For this research, projects were considered for analysis only if they were (1) located in
the US, including Alaska and Hawaii, and (2) executed from FY09 to FY14. To meet the
objective of this study, analysis was conducted to identify differences between the two groups
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that might influence the results. We compared delivery method, facility type, size in terms of
cost, and project duration between both groups. These four characteristics are often compared to
identify other sources of influence on project performance; see Table 3.
Table 3. Influence of Project Characteristics

Characteristic
Delivery Method
Facility Type
Size ($)
Duration

Study
Rosner et al. (2009), Hale et al. (2009)
Beach (2008), Cho et al. (2009)
Cho et al. (2009), Gibson and Bosfield (2012)
Griffith and Gibson (2001), Thal Jr et al. (2010)

Table 4 shows a breakdown of projects for each group in the delivery method and duration subcategories. Rosner et al. (2009) showed that the delivery method has a significant impact on Air
Force MILCON cost growth with design-build projects outperforming design-bid-build projects
4.5% to 6.4%, respectively. The projects using the PDRI had two percent more design-build
projects, and four percent more projects taking less than 650 days to complete. These differences
were not significant, and therefore considered negligible.
Table 4. Delivery Method and Duration

Group
PDRI (n=100)
Non-PDRI (n=163)

Delivery Method
DB
DBB
70%
30%
68%
32%

<365
5%
4%

Duration (Days)
365-649
650-999
51%
34%
48%
38%

≥1000
10%
10%

Figure 6 compares the projects by size. The PDRI group had five percent more projects costing
less than $5 Million, but the differences again were not significant, and considered negligible.
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Programmed Amount ($M)
PDRI (n=100)

Non-PDRI (n=163)

40%
30%
20%

10%
0%
<$5M

$5-9.9M

$10-14.9M

$15-24.9M

$25-39.9M

≥$40M

Figure 6. Project Size

Figure 7 shows the project distribution by facility type, where there are a few differences
between the groups. Beach (2008) showed the effect of facility type on MILCON projects:
Airfield Pavement projects have a significantly higher cost performance (less cost growth), while
Personnel Support and Morale, Welfare, and Recreation projects have significantly lower cost
performance (more cost growth).

Facility Type
PDRI (n=100)
25%
20%
15%

10%
5%
0%

Figure 7. Project Type

Non-PDRI (n=163)
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Projects that used the PDRI have a higher proportion of Airfield Pavements projects (5% vs 4%),
a lower proportion of Personnel Support projects (8% vs 9%), and a significantly lower
proportion of Morale, Welfare, and Recreation projects (2% vs 11%, Fisher’ Exact test for
proportions p = 0.012). By comparing the groups across these four areas, we concluded that even
with the minor difference in facility type, the groups are sufficiently similar for a meaningful
comparison. In other words, the similarities in these characteristics greatly reduces the effect of
confounding variables on the results.

2.7 Results
The analysis compared the 263 projects for each of the three performance metrics- cost
growth, schedule growth, and budget accuracy; Table 5 and Table 6 display the results.
Table 5. Mean Performance Results

Performance Metric
Cost Growth
Schedule Growth
Budget Accuracy

Observations
PDRI
Non-PDRI
100
163
100
163
85
163

Mean
PDRI
Non-PDRI
3.5%
5.9%
14.2%
22.0%
15.0%
16.5%

p-value
<0.001*
0.030*
0.174

St Dev
Non-PDRI
5.3%
35.1%
13.3%

p-value
<0.001*
0.031*
0.023*

*Statistically significant

Table 6. Variance Performance Results

Performance Metric
Cost Growth
Schedule Growth
Budget Accuracy

Observations
PDRI
Non-PDRI
100
163
100
163
85
163

PDRI
2.9%
27.4%
11.1%

*Statistically significant

The following sections describe the results of each metric, one by one, followed by a collective
discussion about their implications.
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2.7.1 Cost Growth
The mean cost growth for projects that implemented the PDRI was 3.5% compared to
5.9% for projects that did not use the PDRI. The 2.4% difference between the two was highly
significant with a p value of less than 0.001, leading to a rejection of the null hypothesis. This
shows that projects implementing the PDRI have significantly less cost growth than projects that
do not use the planning tool. Considering the current practice of assigning a 5% contingency to
all MILCON projects, this shows not only a 2.4% improvement from projects that used the
PDRI, but the difference between exceeding the budget and staying in the limits; the mean cost
growth of PDRI projects is under the contingency, while the mean cost growth of non-PDRI
projects exceeds the contingency. Due to numerous complications associated with exceeding the
approved budget, this is an important difference. These results extend and coincide with previous
related work by Cho and Gibson (2001) and Wang (2002).
2.7.2 Schedule Growth
The mean schedule growth for PDRI projects was 14.2% while the mean for non-PDRI
projects was 22.0%. The 7.8% difference in schedule growth was considered significant with a p
value of 0.03, leading to a rejection of the null hypothesis. Again, this shows that projects
implementing the PDRI experience significantly less schedule growth than projects not using the
tool. Schedule growth can be an important contributor to cost growth by way of extending
equipment and overhead time on the job, but also has a less quantifiable impact on the facility
user: delaying the use of the facility can have negative ramifications on productivity and morale.
Similar to cost growth, this result extends previous research efforts while maintaining
consistency, suggesting the benefit of increased definition on project schedule.
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2.7.3 Budget Accuracy
The mean budget accuracy shows the PDRI projects outperforming the non-PDRI
projects for the third time. However, this result is not considered to be significant with a p value
of 0.174, meaning there is approximately a 17% chance that the budget accuracy difference is
purely coincidental. We fail to reject the null hypothesis. Despite the lack of significance, the
15% mean for PDRI projects against the 16.5% mean for non-PDRI projects suggests that
projects using the PDRI experience slightly more accurate budget submissions. Recall that the
budget accuracy is calculated from an absolute value of the difference between the budgeted
amount and contracted amount, so this particular result does not show whether the projects were
over- or under- budget. We analyzed the projects for differences in this area and found no
statistically significant results; 14.9% of non-PDRI projects awarded a contract amount
exceeding the construction budget by more than the 5% contingency amount, compared to 16.0%
of PDRI projects. These results are the first empirical comparison of budget accuracy and
increased definition. Previous work has only mentioned “increased predictability of cost” due to
an increased planning effort (Griffith and Gibson 2001), with no quantitative results to illustrate
this point.

2.8 Discussion
In construction engineering and management research, it is often difficult to control
project variables as the objectives, constraints, and characteristics change with each project. This
study benefitted from similar data groups with one important difference: whether or not the
projects in each group used the PDRI. However, the homogeneity of the groups can limit our
ability to generalize findings across the industry. This section discusses the results from this
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study and compares them to other research on project scope definition to help readers put our
findings into a broader context.
Projects using the PDRI statistically out-performed non-PDRI projects in two of the three
analyzed metrics: cost growth and schedule growth. The PDRI variances were also significantly
lower for all three metrics (Cost Growth – 2.9% vs 5.3%, p = 0.000; Schedule Growth – 27.4%
vs 35.1%, p = 0.031; Budget Accuracy – 11.1% vs 13.3%, p = 0.023). This shows that not only
are cost and schedule growth lower on average, but there is less variation, making it easier to
predict what the final cost and final schedule will be for projects that implemented the PDRI.
Further, the extremes are less severe (Cost Growth – 13% vs 23%; Schedule Growth – 86% vs
133%; Budget Accuracy – 51% vs 64%); even when the project faces challenges, the impact on
performance is lower when the PDRI is used.
Although the budget accuracy was not significantly different, both groups showed
difficulty in accurately estimating the budget. This warrants further research as there are
processes outside of scope definition likely affecting the ability to estimate the budget on the
projects within this database.
As discussed in the background, one of the main benefits of using the PDRI is the
identification of potential risks. Once the risks are identified, then a mitigation plan can be
created. Moreover, the process of implementing the PDRI provides an opportunity for the entire
project team to communicate and increase alignment on project objectives. Both communication
and alignment have been shown to increase project performance through reduced project changes
and rework, and a higher level of satisfaction among the project team and end user (Griffith and
Gibson 2001). Personal communication with several Air Force managers suggest that the PDRI
may not even be receiving the full benefit of the tool due to misapplication (i.e. not involving the
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entire project team, not conducting the assessment in person, and not devoting the intended
efforts to identify the project’s comprehensive list of risks). Despite the potential misapplication,
the results indicate the value of implementing the PDRI on this set of projects.
The communication, alignment, and risk identification benefits could explain the
significant difference we identified in project performance, however, the scope of this research
was limited to conducting an empirical analysis that did not investigate causality. The focus was
to investigate quantitative relationships, and while the results clearly show there is a difference in
performance between the two groups, potential causal factors were not explored. The results do
carry weight as yet another study supporting the link between the project planning effort and
project performance. Furthermore, lower cost and schedule growth directly address the top
performance issues of projects in the construction industry. These findings support and solidify
the decision for the Air Force policy change to incorporate the use of the PDRI in project
planning. Over the long term, using this tool will improve the efficiency of public expenditure,
reduce construction delays, and allow better planning practices related to construction projects.
We experienced a limitation regarding both cost growth and budget accuracy calculations
that rely on modification data. The database contains a separate category dedicated to tracking
these modifications, providing reason codes and a brief description of the changes. The data in
the modification category proved to be incomplete, as nearly half of the modifications had no
reason code, and the brief description of the change was not enough to interpret the appropriate
reason code. Furthermore, the current procedure for assigning reason codes is unclear and
subjective; it is up to the project manager to decide whether the change is a “technical
error/omission,” or an “error/omission in requirement,” as these are two separate codes. While
the modification amounts were reliable, the lack of clarity on causes forced the authors to assume
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modifications adding to the contract price were negative as they resulted in an increase to cost
growth. On the other hand, in several cases for both groups, there were reductions to the contract
price resulting in a decrease to cost growth; we assumed these modifications to be positive.
Past research has shown the adaptability of military construction studies to the public
sector through the consistency of results. Similarly, this research agrees with previous findings,
but also extends those findings by narrowing the approach to identify the benefit of using formal
scope definition tools. While the study does focus on military construction projects, the facility
types, size, and delivery methods are comparable to building projects industry-wide. The
combination of these factors allows these findings to fit into the broader context of the building
industry as a whole. However, we caution managers about extending the application to highly
specific projects, facility types outside our scope, or non-building projects.

2.9 Conclusion
Project scope definition is widely linked to project performance. This study examined
263 military construction projects (100 using the PDRI and 163 non-PDRI) representing $3.9
Billion in cost to quantitatively evaluate whether there is a benefit derived from increased
planning on these projects. Projects using the PDRI outperformed projects that did not in all
three tested performance metrics, with significant results for cost and schedule growth, and a
lack of significance for budget accuracy. This is the first study analyzing the effect of using a
formal planning tool. The results are consistent with previous research on this subject that also
highlight the benefits of an increased planning effort. While the study subjects are military
construction projects, the results can be generalized to any organization in which the project
process is streamlined and consistent.
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Chapter 3: Conclusion
Construction engineering and management literature points to scope definition as a
leading factor of success. The construction industry has adopted tools to aid planners in
developing a project scope, yet little research has been conducted to test the effectiveness of
using the tool during its intended stage. Previous planning research has used the PDRI as a way
to measure the level of scope definition after the project was completed. However, no previous
studies have evaluated the use of the PDRI empirically. As a result, the purpose of this research
was to help quantify the impact of using a formal scope definition tool on project performance.
This chapter provides an overview of the research contributions as well as limitations and
recommended future research.

3.1 Contributions
Based on the results of this study, there are several contributions, both theoretical and
practical. First, the theoretical contributions include adding to the project management body of
knowledge by providing an empirical analysis on the effect of using formal scope definition tools
during planning. Cho and Gibson (2000) and Wang (2002) provide a detailed look at the PDRI
for buildings, but their analyses were limited to post construction implementation. Cho and
Gibson (2001) later observed benefits of using the tool during its intended planning stage, but
were unable to study that effect empirically. This research extends those studies by not only
confirming that a link between scope definition and performance exists, but providing the
quantitative evaluation needed to validate the tool that was designed to help increase definition.
In other words, we have known that project performance is enhanced by more thorough
definition for the past two decades, but this research documents that using the PDRI is an
effective tool for defining project scope. Further, this study lays the foundation for deeper
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analysis of scope definition on the PDRI specifically. Now that we have discovered a
quantifiable benefit to the inclusion of this tool during planning, we can explore the limits of its
application and optimal usage.
The practical contributions relate to the implementation of the PDRI itself. For the
military, this has proven to be a useful tool. This study solidifies the current policy requiring use
of the PDRI for MILCON projects, illustrating the benefit of doing so. Over the long term, using
this tool will improve the efficiency of public expenditure, reduce construction delays, and allow
better planning practices related to construction projects. Moreover, using the PDRI could be the
difference between meeting the budget and exceeding the contingency amount, which requires
additional funding approval. Every MILCON project should be using the PDRI. To gain the full
benefit of this tool on defining the project scope and identifying areas of risk, managers should
facilitate it with the entire project team during the planning phase. Finally, the results can be
generalizable to other organizations for use on building projects of a similar facility type and cost
range. Because the cost of implementation is minimal, large organizations with consistent project
development practices can and should adopt the use of this tool.

3.2 Limitations and Future Research
This study is notably different from previous PDRI research in that it compares impact to
performance based on whether or not the PDRI was used rather than associating the planning
effort with a PDRI score, and then comparing that score to the performance. That is, it looks at
the benefit of using the tool specifically, not just increased scope definition. The method of study
was developed through an iterative process that experienced several limitations along the way.
This changed the direction of the research from an in-depth look at PDRI scores to a broader
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examination of the tool as a whole. The following paragraphs describe the limitations and
recommended future research to overcome them.
Implementation of the Building PDRI on MILCON projects has been mandatory
beginning with the FY11 program, however, the consistency and diligence of application have
varied greatly. As such, the number of completed projects in the US Army Corps of Engineers
(USACE) database is limited. This research was limited in its ability to investigate the impact of
specific PDRI scores due to the small number of available projects. An increase in the number
of projects coupled with consistency of application would also decrease the amount and impact
of scoring errors on projects. The result would be a large set of projects with reliable scores
relating to the level of definition for each element.
The PDRI has already become a more integral part of the planning process in the last two
years through changes in policy, making the assigned scores a more reliable reflection of the
actual planning status, and less likely an area where the user checked a box simply because it
was required. As the program develops and more projects are incorporated into this system, a
more robust study with a significantly higher number of projects opens doors for several
additional areas to explore: the impact of individual scope definition elements that affect
performance, a stepwise regression examining the impact of multiple elements acting together,
and the impact of the elements in relation to timing of implementation. These areas could
improve the effectiveness of the PDRI by quantitatively evaluating the importance of each
element, detailing the top elements on which to focus planning effort.
Because of the timeline for the research, I chose to study a project set for which I already
had access to a large amount of data. As such, I limited the study to MILCON projects. As
described in previous sections, there are numerous benefits to using this data set, most notably
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that all projects are developed under a consistent process and executed in a similar manner.
However, focusing on this set of projects limits the generalizability of the findings. I’ve argued
that based on project characteristics, the results can be applied outside the military, but the
generalizability would have increased had the data set included more than just MILCON
projects. The ideal set of projects would include both public and private sector organizations that
could be compared against one another in addition to being studied collectively. Multiple
organizations would also mean a larger set of projects to analyze, and the increase in sample size
helps reduce the effect of confounding variables on the results.
Another major limitation of this study is associated with modification data. While the
database has relevant modification data, it is nowhere near thorough enough to conduct a
meaningful analysis. Studying the modifications could help gain insight as to why these projects
suffer from cost and schedule growth, as well as link planning and PDRI scores to the
modifications that make a difference. The only way to overcome this limitation is to implement
procedures that will increase the quality of the data. That is, train project managers on the
importance and consistency of modification data entry. Consistent application would require
clear guidelines as to what reason code to apply in a given situation, and ensuring that every
modification is associated with a reason code.
The initial approach of this research was to extrapolate planning data from interviews
with project managers. Fortunately, I discovered the USACE database of PDRI scores and no
longer needed the interview data, because it was extremely difficult to track down the right
person or group of people involved in the planning process of the selected projects. Often, the
contact information for the project would lead to the member who inherited the project for
closeout, and either did not know who was involved in planning, or the planning team had since

45
relocated or retired. This can be attributed to multiple organizational alignment changes
beginning in 2008. Now that the Air Force has seemingly finalized the hierarchy and
development process, it is likely that better project files and planning information will be kept for
future research.
Finally, this research focused on evaluating relationships rather than investigating
causality. This limitation was again due to the research timeline. Now that the relationships have
been discovered and we know they are statistically significant, future research can engage with
project management staff to discover why these relationships exist. A better understanding of the
causal effect between using the PDRI and project performance could allow enhanced application
and a more efficient use of resources while still achieving positive outcomes. To accomplish that
goal, the researchers would need to take a more qualitative approach. Analyzing the data by itself
limits the researcher to identifying relationships rather than explaining them. The qualitative
approach could include a synthesis of existing literature with expert interviews, then validating
the findings through an additional survey. Additionally, a case study approach would be
appropriate to add depth and gain insight to the quality of application and perceived benefits
from users.

3.3 Final Thoughts
This process has been enlightening. Perhaps the most significant takeaway was
discovering the importance of the iterative process. Throughout the first several months of the
research, I was narrowly focused on the outcome I intended to achieve. This led to a narrowly
focused literature review, methodology development, and low level of flexibility in terms of
findings. As I continued to make discoveries, the direction of the study changed slightly, and I
realized I needed to broaden the approach. I am extremely satisfied with the final results. Only in
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the last month or so did I actually realize the distinctiveness of my research, and the resulting
implications. After immersing myself with project planning and the PDRI specifically, I think
the tool should be used, at least in some version, on just about every project. The benefits of
thorough planning and risk identification far outweigh the low cost of a two-to-four hour
meeting. This is a low-risk, high-reward situation for project teams, and can go a long way to
minimizing the amount of wasted resources in the construction industry.
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