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ABSTRACT 

This study investigates the impact of concurrent design on the cost growth and schedule 

growth of US Department of Defense Major Defense Acquisition Systems (MDAPs).  It is 

motivated by the question of whether employment of concurrent design in the development of a 

major weapon system will produce better results in terms of cost and schedule than traditional 

serial development methods.  Selected Acquisition Reports were used to determine the cost and 

schedule growth of MDAPs as well as the degree of concurrency employed.  Two simple linear 

regression analyses were used to determine the degree to which cost growth and schedule growth 

vary with concurrency.  The results were somewhat surprising in that for major weapon systems 

the utilization of concurrency as it was implemented in the programs under study was shown to 

have no effect on cost performance, and that performance to development schedule, one of the 

purported benefits of concurrency, was actually shown to deteriorate with increases in 

concurrency.  These results, while not an indictment of the concept of concurrency, indicate that 

better practices and methods are needed in the implementation of concurrency in major weapon 

systems.  The findings are instructive to stakeholders in the weapons acquisition process in their 

consideration of whether and how to employ concurrent design strategies in their planning of 

new weapons acquisition programs. 
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 CHAPTER 1 

 

INTRODUCTION 

Overview 

The discipline of Technology Management is concerned with the “development, 

planning, implementation and assessment of technological capabilities to shape and accomplish 

the strategic and operational objectives of an organization or central planning goals and priorities 

of a nation” (OMICS International, n.d.).  As technology continues to permeate every aspect of 

our lives, both personal and professional, it is becoming widely recognized that it is infeasible 

for most organizations to effectively accomplish their goals, whatever they may be, if they do not 

have a plan to utilize technology effectively in the pursuit of those goals. 

There are few better examples of using technology to accomplish goals than that of the 

U.S. armed forces.  From flintlocks to modern unmanned aerial vehicles, success in war has 

largely depended upon fielding the best-equipped fighting force.  For the modern U.S. Military, 

the process of turning strategic goals into effective fielded weapon systems falls to the U.S. 

Department of Defense (DoD) with their management of Major Defense Acquisition Programs 

(MDAPs).  An MDAP is defined as a defense weapon system acquisition “that is estimated by 

the Secretary of Defense to require an eventual total expenditure for research, development, test, 

and evaluation of more than $300,000,000 (based on fiscal year 1990 constant dollars) or an 

eventual total expenditure for procurement, including all planned increments or spirals, of more 
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than $1,800,000,000 (based on fiscal year 1990 constant dollars)” ([USC02] 10 USC 2430: 

Major defense acquisition program defined, n.d.).  MDAPs are projected to consume $183.9 

billion of the defense spending for fiscal 2017 (US Dept. of Defense, 2016).  As of March 31, 

2016 there were 79 MDAP programs in the DoD’s portfolio with a total value of $1.4 trillion, or 

nearly a third of the DoD’s planned development and procurement funding over the next five 

years (US Government Accountability Office, 2016).  During the past four decades, the military 

services and the Office of the Secretary of Defense (OSD) have managed hundreds of MDAPs, 

accounting for more than 40 percent of weapon system acquisition funding appropriated by 

Congress (R. S. Leonard & Wallace, 2014).  As the goal of the U.S. government in protecting its 

citizens is one of great breadth and complexity, the effective management of this technology 

requires a great deal of expertise. 

In 1986 the Blue Ribbon Commission on Defense Management (known as the “Packard 

Commission” after its chair, former Deputy Defense Secretary David Packard) recommended 

that the DoD completely overhaul its acquisition structure.  Many of the recommendations of the 

group were codified later that year in the Goldwater-Nichols Department of Defense 

Reorganization Act, named for Senator Barry Goldwater (R-AZ) and Representative William 

Nichols (D-AL).  The Packard Commission report and the Goldwater-Nichols Act resulted in a 

number of changes within the DoD, including significant revisions to acquisition regulations 

(5000.1 series), the creation of the Defense Acquisition Board, and the increased involvement of 

the Joint Chiefs of Staff in weapon system procurement decisions (Sharp, 2010). 

Yet, the acquisition of several recent major weapon systems has been fraught with serious 

issues in terms of budget, schedule, and capability.  These issues, it can be argued, have a 

dramatic impact on the ability of U.S. Armed forces to protect the country’s citizens in that they 
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reduce the number of weapon systems that can be successfully developed and fielded.  To 

illustrate, in fiscal year 2010 the Department of the Army was forced to eliminate more than 30 

weapons system acquisitions because of cost-overruns and schedule delays (Pernin, 2012).  

These systems were planned in support of the U.S. military Future Combat Systems program, 

and their cancellation weakens the effectiveness of the country’s defense strategy. 

Efforts have been made to improve DoD Acquisitions performance by incorporating 

modern commercial acquisition and manufacturing methods and principles and by using 

practices that have been proven effective in commercial environments.  As an example, 

Department of Defense Regulation 5000.2R of 15 March 1996 directs program managers to use 

Integrated Product Teams (IPTs) to the fullest extent possible (Department of Defense, 2003). 

These teams are to be “composed of representatives from all appropriate functional disciplines 

working together with a Team Leader to build successful and balanced programs, identify and 

resolve issues, and make sound and timely decisions” (Perry, 2010).  In preparing for the 

development of the F/A-18 Super Hornet, McDonnell Douglas Aerospace (MDA, now The 

Boeing Company), one of the prime contractors for the F/A-18, changed its business practices in 

the hope of reaping the benefits of these measures. In a September 1991 letter to the Navy, the 

president of McDonnell Aircraft Company wrote: “Traditional management techniques and the 

old ways of doing business will not suffice. We have committed our F/A-18 E/F program to full 

implementation of Integrated Product Development/Concurrent Engineering practices” (White, 

1997, p. 23). 

The preceding dialogue begs the question of how effective these modern principles have 

been in improving the performance of the DoD in procuring major weapon systems in terms of 

system development cost and also in terms of ability to meet schedule.  This study explored the 
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application of one popular modern principle, namely concurrent design, to modern weapon 

systems development and the effect that concurrent design has upon development cost and 

schedule growth.   

Concurrent Design 

Concurrent design is based on the principle that a given technology can be brought from 

the concept stage to the deployment stage more quickly and less expensively by eschewing the 

traditional consecutive design sequences in favor of an integrated design effort in which all 

stakeholders are involved in the design from the outset.  This provides feedback as to the 

manufacturability, affordability, maintainability, distribution, suitability to purpose and eventual 

disposal of the technology during each stage of the design process, reducing or eliminating the 

need for prototype development and testing, while identifying and addressing problems early in 

the design phase that would not have been brought to light in a traditional design sequence until 

much later in the process.  These issues are addressed during design, resulting in a product that is 

better suited to its purpose with fewer requirements for rework or support as the it advances 

through its life cycle (BMP COE, 1996).   

Scope of the Study 

The focus of this study was on how the application of concurrent design principles effects 

development cost and schedule growth in the DoD’s acquisition of Major Defense Acquisition 

Systems (MDAPs).  An MDAP is defined as: 

An acquisition program that is designated by the Under Secretary of Defense for 

Acquisition, Technology and Logistics (USD(AT&L)) as an MDAP; or is estimated to 

require an eventual total expenditure for research, development, test, and evaluation 

(RDT&E), including all planned increments, of more than $480 million in Fiscal Year 
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(FY) 2014 constant dollars or, for procurement, including all planned increments, of 

more than $2.79 billion in FY 2014 constant dollars. (Defense Acquisition University, 

n.d.-b, p. 2191) 

MDAPs account for more than 40 percent of weapon system acquisition funding 

appropriated by Congress (R. S. Leonard & Wallace, 2014), and as such it is critical that their 

procurement be managed in the most effective way possible.  Concurrency is one measure that is 

commonly utilized in order to optimize cost and schedule performance of MDAPs.  Concurrency 

in defense acquisitions is broadly defined as the degree of overlap between the development and 

production phases of an acquisition program. In terms of MDAPs, concurrency means that the 

manufacture of a given weapon system begins prior to the completion of all development efforts.  

The Congressional Budget Office (CBO) measures the degree of concurrency in major weapons 

systems as the extent of operational testing before the production decision is made.  A non-

concurrent system, by their measurements, is one in which all planned operational testing has 

occurred before the production decision. And a highly concurrent system is one in which little or 

no operational testing has occurred before the production decision (Conahan, 1990).  

Using Selected Acquisition Reports in Research 

SARs, What They Are, Where They Come From 

Before progressing to measures of cost and schedule growth for MDAPs it is necessary to 

discuss the sources from which the data for this study were taken.  The primary source of data 

for cost and schedule growth used in this study was Selected Acquisition Reports (SARs).  SARs 

are federally-mandated reports on the performance of current MDAPs ([USC02] 10 USC 2432: 

Selected Acquisition Reports, n.d.).  Each qualifying program submits a SAR at least annually 

that includes cost, schedule and performance information.  The SAR compares the schedule, 
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technical and cost information from the acquisition program baseline to the actual performance 

of the program and the updated projections of its future performance.  This performance 

information is further broken down into the costs of development and the costs of procurement.  

A cost variance section identifies changes in program cost both from the baseline estimate and 

from the previous SAR.  All costs are reported in both base-year and then-year dollars to provide 

for normalization of comparisons. 

Information regarding program schedule is also contained in the SAR.  This includes the 

baseline estimates for formal acquisition decisions as well as major testing and production 

milestones.  The SAR also includes a description of the program and its mission, program 

highlights, and explanations of significant breaches of planned budget and/or schedule. 

Limitations of Using SARs in Research 

SARs are the predominant source of data for research into DoD acquisition of major 

weapon systems because of their availability, their relative consistency and their coverage of the 

performance of a weapon acquisition program over time.  However, while the laws governing 

SAR preparation are intended to provide for consistent comparison, differences do arise in 

practice.  A RAND study of cost growth on DOD weapon systems acquisition using SAR data 

highlighted the shortfalls of using SARs to study the performance of defense acquisition 

programs: 

1. SAR data are highly aggregated. 

2. Baseline cost estimates change over time. 

3. Cost information for future years reflects budget values and is not necessarily 

consistent with any particular cost estimate. 

4. Reporting guidelines and requirements change over time. 
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5. Cost variances are often allocated inconsistently to SAR categories over time and 

between programs. 

6. Program content reported by and estimated in the SARs is program-unique; thus, 

SARs for similar program types may not cover similar program content. 

7. Only programs meeting established funding thresholds or are of special interest to 

Congress submit SARs. 

8. The programmatic basis of SAR baseline estimates and current cost estimates is 

not explained. 

9. Risk reserves, confidence levels, and uncertainty are not provided with SAR cost 

and schedule data (Bolten, 2008, p. 9). 

The shortfalls in using SARs in research that were of most concern to this study deal with 

the methodology with which estimates are developed, and in particular whether the bases for 

these estimates can be assumed to be consistent from project to project.  There is little 

opportunity to independently judge the quality of the estimates that are provided in the individual 

SARs.  Also problematic is the lack of identification of program risks in the SAR reporting 

format.  An analysis of risk and confidence levels, if it were included in the SAR reports, could 

be used to judge the quality of the baseline estimates.  It is important to note, however, that the 

DoD provides comprehensive guidelines in the preparation of these estimates in the form of a 

Cost Estimating and Assessment Guide that is published by the Government Accountability 

Office (B. Leonard, 2009).  Although the presence of this document does not ensure that all 

estimates were prepared in precisely the same manner, it does provide a level of confidence that 

the estimating methods used in the SARs are not arbitrary and that they are held to a consistent 

standard of acceptability. 
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Despite these weaknesses, SARs play an essential role in reporting progress on the 

performance of DOD weapon systems acquisition to Congress and to the public at large. 

Therefore, most analysts utilize SAR-derived information to study the cost and schedule 

performance of MDAPs. SARs are one of the most comprehensive documents available that 

provide details and insight into the performance of the weapon systems acquisition effort.   

To summarize, even though Selected Acquisition Reports are not ideal as sources for 

detailed research, they are useful in determining trends among and between programs.  It is 

important to understand the limitations of the SAR and how these may influence measurements 

of cost and schedule growth.  Nonetheless, for the purposes of this study the SAR data was 

accepted as true and accurate. 

Research Objectives 

This study examined the effect of concurrent design principles on the development cost 

and schedule growth of Major Defense Acquisition Programs (MDAPs). 

For this analysis, historical cost and schedule data was taken from the SARs of acquisition 

programs that were active between 2011 and 2015 and that had completed their development 

stage prior to publication of the SAR.  This restriction was applied to consider only programs 

that have had an opportunity to complete the development phase and provide actual cost and 

schedule data to compare with estimated cost and schedule data in order to calculate cost and 

schedule growth.  The utilization of concurrent design was determined by reviewing each 

program’s Selected Acquisition Report to determine how much, if any, funding for production 

was allocated prior to Milestone C, the completion of the development phase.  Concurrency was 

measured as the percentage of the overall production funding that was released prior to the 

completion of the development phase. 
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The topic was explored using statistical analysis to compare the planned development 

cost and schedule estimates that were prepared at the entrance of the development phase 

(Milestone B) to actual measures of development cost and schedule upon completion of the 

development phase (Milestone C).  These measures of cost and schedule growth were compared 

in terms of the degree of concurrency employed in the development of the weapon system. 

The implications of this study are: 

 Providing feedback on the effectiveness of DoD acquisition methods 

 Focusing efforts to mitigate excess defense spending 

 Establishing priorities for proper expertise and training requirements for persons 

employed in defense acquisition of major weapon systems. 

Research Hypotheses 

The research hypotheses addressed in this study were: 

H01 – There will be no significant prediction of cost growth by concurrency, and 

H02 - There will be no significant prediction of schedule growth by concurrency. 

Data was collected from Selected Acquisition Reports on forecast and actual 

development cost, forecast and actual development schedule, and the level of concurrency.  The 

results of this study should be of interest to policymakers, analysts and others interested in the 

efficiency of weapons systems acquisition. 

Terms and Acronyms 

Concurrency 

This study defines concurrency in MDAPs as the proportion of the overall procurement 

budget for a program that is authorized prior to the completion of the research, development, test 

and evaluation (RDT&E) stage of the program.  In other words, concurrency is the amount of 
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overlap between the development of a weapon system and its manufacture.  Concurrency in 

MDAP development is not a binary condition, but rather a continuum that can range from zero (a 

case in which no production finds are released prior to the end of development) to absolute 

concurrency (a case in which all production funds would be released prior to the completion of 

development).  The formula for concurrency as defined in this study was 

 % =   

where PMSC is the amount of funding that was released for procurement prior to the year 

of the Milestone C review and PTotal is the total procurement funding for the program. 

Cost growth 

After adjusting for inflation, the proportional increase (or decrease) of the final 

development cost to the initial development cost estimate. 

Base-year dollars 

Also known as Constant Dollars, base-year dollars are expressed in the value of dollars as 

of the time of the baseline estimate.  Base year dollars are used in this study to accurately 

measure proportional cost growth over time while excluding the effects of inflation. 

Schedule growth 

The proportional increase (or decrease) in time to complete the development phase of the 

project from the baseline estimate. 

Then-year dollars 

Dollars that include the effects of inflation or escalation and/or reflect the price levels 

expected to prevail during the year at issue (Defense Acquisition University, n.d.-a). 
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Uniqueness of the Study 

This study distinguishes itself from previous studies on the topic of concurrency in 

weapon systems acquisition in that it focuses solely on the impact of concurrent design on the 

cost and schedule growth of the development phase.  While the potential benefits of concurrency 

may include lower end-user cost, this study seeks to be a resource to those practitioners who are 

seeking insight into the effectiveness of concurrency in bringing a new weapon system from 

concept to deployment as quickly and as inexpensively as possible.  

Repeatability of the Study 

The raw data that was collected from the SARs is presented in Appendix A at the end of 

this study.  This data was taken directly from Selected Acquisition Reports that are published 

annually by the Department of Defense and made available to the public via the Freedom of 

Information Act (FOIA), and as such its veracity can be verified by the reader.  Researchers 

interested in duplicating this study will find that the data required are readily accessible and that 

the analysis techniques that are utilized in the study are clearly identified and described in detail. 

Organization of the Document 

This study contains five chapters.  Chapter One introduces the problem statement and 

contains an overview of the issues that the Department of Defense has dealt with in the 

acquisition of major defense weapon systems.  The scope, limitations and objective of the study 

are discussed, and important terms defined.  There is a discussion of the merits and potential 

pitfalls of using data derived from Selected Acquisition Reports as the basis for this research.  

Chapter Two presents a brief history of the DoD’s struggles in managing the acquisition of 

complex and expensive weapons systems and outlines some of the efforts that have been 

employed to improve the cost and schedule performance of the development of these systems.  It 
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examines research on concurrency in DoD weapon systems acquisition and explores some 

examples in which concurrency was utilized in an effort to improve the development process.  

Finally, Chapter Two summarizes the findings regarding concurrency in the acquisition of major 

defense weapon systems. 

Chapter Three presents the methods used to analyze the data and the methods that were 

used to prepare and cleanse the data.  It also includes an examination of the measurements used 

in determining cost and schedule growth.  The results of the study are presented in Chapter Four.  

In Chapter Five conclusions of the research are drawn as well as a discussion of further research 

topics that were suggested by this study. 

  



13 
 

 

 

 

 CHAPTER 2 

 

REVIEW OF THE LITERATURE 

The Need for Department of Defense Acquisitions Reform 

The United States Department of Defense performs weapon systems acquisitions to 

support the defense strategies of the nation’s joint armed forces.  According to the US 

Department of the Army: 

… the focus of the capabilities development and materiel system acquisition management 

systems is producing military units that are adequately trained, equipped, and sustained to 

execute the National Security Strategy (NSS), National Defense Strategy (NDS), 

National Military Strategy (NMS), and Quadrennial Defense Review (QDR) effectively 

by developing and acquiring warfighting systems that are affordable and support the 

national strategies (Odierno, 2013, p. 5). 

The DoD acquisition process is governed by Defense Federal Acquisition Regulations, 

which were derived from general federal acquisition policies.  The purpose of this process is to 

create an environment in which developers of advanced weapon technologies are incentivized to 

compete in terms of capabilities, cost and schedule in order to secure the weapon systems that 

support the national defense strategy in the most effective manner possible. 

During the past four decades, the Department of Defense has managed hundreds of very 

large weapon system acquisition programs. These Major Defense Acquisition Programs 
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(MDAPs), account for more than 40 percent of weapon system acquisition funding appropriated 

by Congress (R. S. Leonard & Wallace, 2014).  Given the complexity and expense of these 

systems and their importance to the defense of the nation, their performance is the subject of 

much study and attention.  And unfortunately, bad news abounds.  For example, the Government 

Accountability Office (GAO) reported in March 2009 that 96 major defense acquisition 

programs were a combined $296 billion over budget in FY 2008. In contrast, 75 major programs 

were only $43 billion over-budget in FY 2000 (Sharp, 2010). Total cost over-runs had therefore 

increased by 588 percent in eight years.  A 2006 RAND Corporation study of MDAPs that were 

completed or mostly so used a Cost Growth Factor (CGF) to represent the proportional 

difference between the estimated costs of a weapon system and the actual costs experienced.  A 

CGF of less than 1 meant that the weapon system was developed for less than the forecast 

amount, an underrun.  A CGF of greater than 1 was an overrun.  The study found that for the 68 

weapon systems studied the mean CGF was 1.46 (Arena, Project Air Force (U.S.), & Rand 

Corporation, 2006).  Figure 1 shows the distribution of these CGF measures for the weapon 

systems that were part of the comparison. 
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Figure 1. Distribution of Cost Growth Factors for Selected MDAPs. 

Review of Past Initiatives to Reform DoD Acquisitions 

The DoD Acquisition Work Force 

 Following the Packard Commission recommendations and the passing of the Goldwater-

Nichols Department of Defense Reorganization Act, Defense Secretary Dick Cheney led the 

Defense Management Review, which examined the increasingly challenging role of DoD 

acquisition personnel in managing the developing of highly technological weapons systems.  The 

Review revealed deficiencies in the ability of these personnel to effectively lead these complex 

acquisitions, and led to the implementation of the Defense Acquisition Workforce Improvement 

Act (DAWIA) of 1990 (Sharp, 2010).  DAWIA established standards for the education of 

defense acquisition workforce personnel and for their continued training.  It instituted formal 

career paths for defense acquisition workforce personnel and, in an effort to ensure quality and 

consistency in the workforce, established the Defense Acquisition University.  The mission of 

Source Arena, et al., 2006 
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the Defense Acquisition University is to “Provide a global learning environment to develop 

qualified acquisition, requirements and contingency professionals who deliver and sustain 

effective and affordable warfighting capabilities” (Woolsey, n.d.). 

Privatization and Outsourcing 

Modern weapons are extraordinarily complex large-scale systems that are the fruit of 

advanced engineering.  In addition, many of the technologies that are produced to advance the 

state of weapons capability are the intellectual property of the companies that have invested in 

the research and development efforts that created the technology, which companies are reluctant 

to distribute openly in a government acquisition process.  Despite an effort to improve the 

education and abilities of the DoD Acquisition workforce, it often seems impractical for DoD 

acquisition personnel to possess the specific knowledge and understanding required to 

effectively manage the development of such complex systems.  In some cases, DoD acquisition 

personnel have relied upon the assistance of private contractors who are experts in the particular 

weapon system being procured (Sharp, 2010).  Difficulties have arisen from this approach, 

however, as these experts often have ties to industry, and are therefore in a position to develop 

requirements that can only be met by firms in which they have a financial interest.   

DoD attempted to improve this dilemma through a concept that has been labelled Total 

System Program Responsibility or TSPR.  Under the TSPR concept a defense firm that is 

selected as the prime contractor for a program is given total responsibility for its successful 

completion. This puts the prime contractor in charge of the integration of an overall system, 

instead of the government program office for that weapon system. TSPR was intended to put the 

risk of financial and schedule performance on the contractor, but in many cases the inherent 

opportunity for the contractor to skew the project in their favor resulted in program decisions that 
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were not in the best interests of the government.  In these cases costs spiraled, while the gap 

between industry and government technical expertise widened (Novak & Smith III, 2015).  

Adopt Commercial Acquisition Strategies 

The early 1990’s saw an increase in legislation to improve the performance of the DoD 

acquisitions by more fully integrating the defense and commercial sectors.  This was seen as a 

way to increase efficiency by leveraging the best practices of U.S. manufacturers who must 

compete in the commercial marketplace in order to survive.  It was also intended to provide a 

way to ensure the perpetuation of a U.S. industrial base that maintains the capability and 

incentive to continue to develop more capable weapon systems in an environment of tightening 

defense budgets. 

In 1992 the Defense Conversion and Transition Assistance Act established the National 

Defense Technology and Industrial Base Council (NDTIB) to provide overall policy guidance 

and direction to military departments and defense agencies concerning the integration of the 

commercial manufacturing sector with the defense acquisition effort.  The council aimed to 

reduce waste and to take advantage of best commercial practices, technical expertise and 

research & development capabilities of the U.S. industrial base.  It also provided for the 

monitoring of the U.S. defense industrial base capabilities to ensure that the ability to develop 

and manufacture critical defense technologies does not atrophy due to a lack of demand.  

Specifically, the Act directs the Secretary to establish a National Defense Manufacturing 

Technology Program to:  

1. provide centralized guidance and direction to the military departments and defense 

agencies on all matters relating to manufacturing technology;  



18 
 

2. direct the development and implementation of DOD goals, plans, projects, activities, 

and policies that promote the development and application of advanced technologies 

to manufacturing processes, tools, and equipment;  

3. improve the quality and practices of businesses providing goods and services to 

DOD;  

4. promote dual-use manufacturing processes;  

5. disseminate to businesses information concerning improved manufacturing concepts;  

6. enhance the skills of the manufacturing work force; and  

7. ensure appropriate coordination between the manufacturing technology and industrial 

preparedness programs of DOD and similar programs undertaken by other Federal 

departments and agencies and the private sector. (Civic Impulse, 2017) 

Adopt Modern Manufacturing Methods 

In a related but separate effort April of 1992 saw the formation of the Defense 

Conversion Commission, created to assess the consequences of the defense drawdown that 

followed the end of the Cold War and to make recommendations to constructively address them.  

The Commission clearly espoused the concept that more closely aligning the defense and 

commercial sectors would serve to reduce the cost of defense acquisitions while benefitting 

defense manufacturers, all the time maintaining a robust defense development and manufacturing 

capability.  Examples of specific recommendations to facilitate the conversion of defense 

manufacturers to this new paradigm included: 

 Dramatic and immediate actions to promote the integration of military and 

commercial technologies, products and processes. 
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 Actions both to strengthen the development and application of technologies that 

meet defense needs and to accelerate their commercial application. 

 Supporting military commercial integration and increasing reliance on an 

integrated private sector for defense goods and services. (Defense Conversion 

Commission, 1992) 

The Commission at this time saw a clear path to the successful transition of weapon 

systems acquisitions from the budget-heavy Cold War era to a more budget-conscious and 

discerning modern era by converting the current defense manufacturing base to modern 

commercial manufacturing practices.  The Commission defines conversion as: 

…the process by which the people, skills, technology, equipment, and facilities in 

defense are shifted into alternative economic applications. By viewing conversion as a 

process in transition, the Commission focuses on actions that make the process more 

efficient. (Defense Conversion Commission, 1992, p. i) 

The Commission would propose to do this by, among other means, improving 

government programs: 

Government programs and policies should be effective and efficient. More effective 

programs can increase benefits without necessarily increasing costs. (Defense Conversion 

Commission, 1992, p. iii) 

And one of the primary methods with which the government intended to manage the 

reduction in defense spending involved the integration of the military and commercial 

manufacturing sectors and the sharing of methods and processes that make commercial 

enterprises inherently more efficient: 
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The Commission recommends dramatic and immediate actions to promote the integration 

of military and commercial technologies, products and processes. These actions include 

removing barriers to integration as well as taking specific steps that enhance the ability of 

defense companies to develop and market commercial products. (Defense Conversion 

Commission, 1992, p. iv) 

It is apparent that the Commission was espousing a neoclassical economic solution, and 

that the efforts of the Commission were to create an environment in which the strategy of the 

defense sector became more aligned with the workings of the free market economy.  In the 

words of the Commission, “Government should intervene only when free-market allocations are 

inefficient or take too long to address transition needs and when intervention can be proven to 

work.” (Defense Conversion Commission, 1992, p. iv). 

Concurrency in Department of Defense Weapons System Development 

The Concept of Concurrency in MDAPs 

The use and popularity of concurrency in the development of major weapon systems for 

the U.S. have seen ebbs and flows as different challenges in the defense of our nation are 

addressed.  During World War I the German U-boats represented an extremely effective tactical 

weapon, with their ability to track and destroy U.S. and Allied naval forces while shielded from 

counterattack by operating in the ocean’s depths, where conventional weapons had little effect.  

The first depth charges were developed by the British, and were little more than a waterproof 

canister filled with explosives that was dropped off the stern of a ship in the area where a 

submarine was thought to be operating.  The potential of this approach prompted the U.S. Navy 

to quickly adopted this technology on its vessels while simultaneously working to improve their 

effectiveness.  Major innovations that quickly followed included hydrostatic valve triggers that 



21 
 

allowed the depth charges to be detonated at a chosen depth, and devices to propel the depth 

charges at various distances from the ship, allowing the effective patrol of a larger area from a 

single combatant (Encyclopedia Britannica, n.d.). 

This is an early example of a high-priority weapon system presenting a compelling case 

for concurrent design and production.  There was an immediate and urgent need for a solution, 

and fielding a weapon that was less than optimized was far preferable to fielding no weapon at 

all.  As a result, the U.S. and British naval forces were equipping their ships with early versions 

of the depth charges while at the same time developing enhanced versions that incorporated the 

latest improvements.  A concomitant effort was necessary to determine how to provision and re-

supply the current forces with this new weapon system and to decide which current shipboard 

weapons should be removed in order to accommodate the need for additional capacity and deck 

space.  The case for concurrency in this instance was self-evident; the need of the warfighter in 

time of war prevailed. 

This sort of concurrency was an exception to the peacetime process of developing and 

improving major weapon systems via a sequential design→ prototype→ test→ feedback 

development methodology that produced a final, approved design prior to the start of 

manufacture.  This remained largely unchanged until the introduction of the Total Package 

Procurement Concept (TPPC) in May of 1966.  The TPPC approach was developed under then 

Secretary of Defense Robert McNamara, and it encouraged “womb to tomb” contracting of 

major weapon systems.  The TPPC envisioned that all of the anticipated design, development, 

production and, to the greatest extent possible, support be procured as one contract at the outset 

of the project.  The anticipated benefit of this approach was to be the avoidance of becoming 

inextricably tied to a particular supplier who developed a weapon system and now has 
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tremendous leverage in the form of tooling, knowledge and well-established supply chains that 

present barriers to competition and allow for price gouging by the incumbent supplier (U.S. Air 

Force, 1966). 

The enthusiasm that accompanied the concept of TPPC was relatively short-lived.  

Problems with several concurrent weapons acquisitions, most notably the disastrous C-5 

development, illustrated the risks of depending upon such preliminary and poorly-informed 

estimates of cost and schedule to such a degree.  By the end of the 1960’s the DoD to had begun 

to gravitate to a “fly before buy” mentality to ensure that they were fielding battle-ready weapon 

systems.  The Total Package Procurement Concept was completely abolished in 1972, the DoD 

having decided that “the task of systems acquisition was too complex and too sensitive to turn 

over in such a manner to industry” (Morris, 1994, p. 61). 

The tide turned again in 1977, when studies revealed that the time span from weapon 

concept to successful fielding of a weapon system was longer than ever.  The Defense Science 

Board, an advisory board to the U.S. Secretary of Defense, recommend a return to concurrent 

development practices (Glass, 1988).  In yet another dramatic course change, in 1987 the 

Packard Commission recommended that the development and testing of weapon system 

prototypes be successfully completed prior to the start of production (Sharp, 2010). 

Today many major weapon systems incorporate some amount of concurrency, despite the 

potential increases in risk of cost growth.  Reasons for concurrency include a) an urgent need for 

an immediate solution, b) maintaining the continuity of the defense industrial base, c) avoiding 

obsolescence, and d) reducing the possibility of scope changes as a project’s development lingers 

(Birchler, Christle, & Groo, 2011).  The third reason, avoiding obsolescence, becomes 
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increasingly important as the rate of advance in weapons technology development continues to 

increase. 

Establishing a Technology Target: Maturity vs Cutting Edge 

The threat of obsolescence in the era of exponentially-increasing technological advances 

places the DoD acquisition forces firmly on the horns of a dilemma.  In procuring a new weapon 

system that is designed to effectively support our defense strategy, the disturbing fact that must 

be addressed is that the state of the technology being acquired may be significantly more 

advanced at the time of the fielding of the weapon system than it is at the time that the 

requirements are developed.  The DoD is faced with the difficult decision of where on the 

continuum between sequential and concurrent development their dwindling funds are most 

effectively invested.  The least risk approach is to have the weapon system design complete and 

the performance verified prior to releasing the Request For Proposal (RFP) for the production of 

the system.  The ability of the system to satisfy its role in the U.S. defense strategy would be 

known, the materials required to construct the system would be understood and obtainable at 

known costs, and specifications would not change once production started, resulting in low risk 

to achieving planned cost and schedule. 

But the risks involved in the acquisition, development and fielding of a major weapon 

system have many facets.  Most modern MDAPs rely upon the very latest in electronics and 

software in order to perform their designed functions.  It has become the nature of these 

technologies to progress at a breakneck pace, driven largely by consumer demand for the most 

advanced electronic devices.  This places great pressure on the program team to adopt a 

significant degree of concurrency in an effort to reduce the time to field the weapon system, 

therefore reaping the greatest benefit from the weapon system before it becomes obsolete in the 
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face of newer technology.  This is the risk of non-concurrency, that the expensive weapon 

system just fielded is proven to be ineffective in the face of more advanced opposing technology.  

This risk is further exacerbated by the waterfall effect of the supply chain for modern electronic 

components.  Maintaining an aging weapon system becomes increasingly complex and 

expensive as the components from which they are manufactured themselves become obsolete 

and are replaced with newer, more advanced versions (Birchler, Groo, & Christle, 2009). 

It is with these issues in mind that many MDAPs that depend upon modern technology 

plan for some level of concurrency.  This is often the topic of dispute during the planning stages 

of a new weapons program, as fears of delays and cost growth combat with equally disturbing 

fears of investing scarce defense funds in ineffective solutions.  That was the certainly the case in 

the planning for the F-35 Joint Strike Fighter (JSF), a multi-national multi-role fighter jet that 

was expected to leverage concurrency to a greater degree than previous fighter aircraft 

developments, while avoiding the pitfalls of concurrency by utilizing new and innovative 

methods to support manageable concurrent development.  

Example: The F-35 Joint Strike Fighter 

The developers of the JSF planned to use the latest in simulation technology to bridge the 

gap between design uncertainty and production necessity.  The DoD invested heavily in 

concurrency in the development of the JSF in the form of simulation laboratories and modeling 

infrastructure.  These resources were believed to be able to provide such accuracy and fidelity in 

modeling that developers expected to discover and solve the majority of development issues 

entirely in the virtual realm, leading to a perfect integration of subsystems and components that, 

once combined into the finished fighter aircraft, would interoperate in cooperation and harmony 

with one another.  Following this philosophy, it was considered low risk to release various long-
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lead components of the aircraft for procurement and manufacture prior to the completion of the 

design of other components (Wilkerson, 2010).   

One of the more creative investments to support concurrency in the development of the 

F-35 was the Cooperative Avionics Test Bird (CATB). The CATB is a modified Boeing 737 that 

duplicates the JSF cockpit and controls, as well as its avionics, software and sensor systems. It 

has specialized canards and an extended, sculpted nose to help duplicate characteristics of the F-

35s handling and systems operation.  The CATB allows engineers to test actual mission software 

and components prior to incorporating them into the actual JSF test aircraft. To date, the CATB 

has flown over 700 flights totaling nearly 2,070 hours testing new software and components 

ahead of the actual F-35 designated test aircraft (Cochrum, 2017). 

The JSF solution to the challenge of concurrency in weapons development, then, was to 

support concurrent development with robust simulation and modeling technology.  This would 

allow for a shorter development cycle, reduce cost per aircraft, and maximize the sponsor 

countries’ return on their defense investment.  It was not long, however, until results began to 

temper the various governments’ eagerness for the concurrent approach.  A 2014 RAND 

Corporation study of the acquisition of seven fighter aircraft weapon systems revealed in a 

startling manner that the strategies that were so enthusiastically adopted in the development of 

the JSF were not able to reduce costs or speed production.  In fact, the JSF program had the 

highest cost growth of all of the fighter jets studied, and because these costs occurred at a 
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relatively early point in the life cycle of the JSF program compared to the others, the likelihood 

for additional cost growth is great (R. S. Leonard & Wallace, 2014). 

Findings Regarding Concurrency in MDAPs 

As we have discussed, concurrency in this study refers to the overlap between the 

completion of the development of an MDAP and the start of production.  Literature on the topic 

presents conflicting views regarding the effect that concurrency should be expected to have upon 

cost growth and schedule growth.  According to Drezner et al. (1993), the risks associated with 

moving a program to procurement without completing the development process would make one 

expect that concurrency leads to late design changes and reworks that result in increases to cost 

as well as schedule delays.  On the other hand, concurrency that is effectively executed will by 

definition shorten the time to Initial Operating Capability, which would obviously represent an 

improvement to schedule.  One could also reasonably argue that a program with a shorter 

duration of development might have less opportunity for cost growth than a program with an 

extended, serial development cycle. 

One of the earlier studies on concurrency in weapon systems development was 

commissioned by the Congressional Budget Office.  In that study, 14 major weapon systems that 

were developed during the 1970’s were analyzed to determine the effectiveness of concurrency 

in improving the cost and schedule performance of MDAPs.  In this study, no relationship was 

found between concurrency and schedule growth.  A modest relationship was found between 

concurrency and cost growth in that approximately 14 percent of the variance in cost growth in 

these programs could be explained by concurrency.  This was a positive relationship, meaning 

that cost increased with concurrency, rather than decreased (Glass, 1988). 
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Drezner’s expectation that concurrency results in risks that will tend to increase rather 

than decrease costs has generally been borne out by research in the area.  In the Government 

Accountability Office (GAO) 2016 assessment of MDAP acquisitions, the authors leave no room 

for doubt as to their view of the effectiveness of concurrency in MDAP acquisitions.  In the 

report the GAO emphasized the need for programs to complete developmental testing before 

beginning production “thereby avoiding concurrency and its associated cost and schedule 

growth” (US Government Accountability Office, 2016, p. intro.).  The study explored the SARs 

of the DOD’s 2015 portfolio of 79 MDAPs.  Sixteen of those programs that were in production 

at the time of the study reported cost growth over the past year even though the production phase 

of the acquisition cycle should have minimal cost growth.  In eleven of those sixteen cases, the 

cost growth was attributed to late changes to the capabilities of the system.  According to the 

authors: 

Eleven of the 16 added unplanned capability to a program’s baseline. Increasing the 

capabilities of a program beyond the established requirements adds cost and potential risk 

to mature weapon systems already in production. Three of the four largest development 

percentage increases are due to increases in capability. Adding capability while in 

production leads to concurrency in development and production and can lead to 

instability. In some cases, the added capability may be warranted whereas in others it 

might be best to develop and deliver a new capability incrementally, which could be part 

of a new major defense acquisition program, rather than as an add-in to a current 

program, as recommended by best practices for cost estimating. Adding capability to 

existing cost baselines can also create oversight challenges as it becomes difficult to 
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differentiate the reasons for cost growth. (US Government Accountability Office, 2016, 

p. 22) 

The study was unable to find positive financial or schedule outcomes for any program as 

a result of their utilization of concurrency.  This was the fourteenth annual study of this type 

performed by the GAO, and their continuing analysis of the use of concurrency in the 

development of MDAPs has resulted in a grim view of its effectiveness.  For the programs that 

GAO has assessed their determination can be simply stated as this, as concurrency increases, so 

does acquisition cost and schedule.  As the study states, “Our previous work has found that 

highly concurrent acquisition strategies can result in poor cost, schedule, and performance 

outcomes” (p. 54). 

In a 2015 Rand Corporation study of six U.S. Air Force MDAPs that were experiencing 

extreme cost growth, each of the programs suffered as milestones were approved despite 

significant gaps in the understanding of the technology being developed.  As these complex 

weapon systems were being developed the desire to field the most up-to-date technology resulted 

in poorly understood and insufficiently tested systems being pushed toward production while 

many questions regarding their operation and integration with other systems remained.  

According to the study: 

Our in-depth qualitative analysis of their programmatic histories indicates that two main 

categories of common characteristics and conditions, comprised of five sub-elements, 

were prominent in these programs: 

 premature approval of Milestone B 

o insufficient technology maturity and high integration complexity 

o unclear, unstable, or unrealistic requirements 
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o unrealistic cost estimates 

 suboptimal acquisition strategies and program structure 

o adoption of acquisition strategies and program structures that lacked 

adequate processes for managing risk through incrementalism and 

provision of appropriate oversight and incentives for the prime contractor 

o use of a combined MS B/C milestone or premature award of MS C prior to 

the achievement of adequate production article design stability. (Lorell, 

Leonard, & Doll, 2015, p. viii) 

The authors found that the single most significant factor in the cost growth of each of 

these six programs was the fact that each program received approval of Milestone B prematurely.  

Their rationale for declaring the programs to have been prematurely approved is that they 

received MS B approval while suffering from unstable requirements that were poorly understood 

or disputed among acquisition team members.   

A related factor that also had a significant impact on the cost growth of these programs 

was the failure of the acquisition team to ensure that the design was sufficiently stable and the 

technology was sufficiently mature before approval of Milestone C and the start of low rate 

initial production (LRIP).  In each case, technical issues were encountered, design flaws were 

discovered, and the necessity for retrofits and modifications to already produced units served to 

significantly increase costs while extending the program schedule. 

Summary and Conclusions 

The rapid pace of advancement in technology presents major weapon acquisition teams 

with a difficult challenge in deciding just how cutting edge the technology should be.  It is clear 

that past MDAPs have suffered staggering increases in cost and schedule due to a lack of a 
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mature, well-understood design prior to production.  To help navigate this issue, Lorell et al. 

have developed the following set of broad guidelines that are based on their study of the causes 

of cost growth in MDAPs.   

 Adopt revolutionary technologies only when necessary, such as when required to 

counter relatively near-term threats. Reemphasize evolutionary acquisition 

strategies to achieve full objective capabilities through a series of separate lower-

risk program increments or steps. 

 Begin a new Acquisition Category (ACAT) I MDAP only when objective 

capabilities and goals cannot reasonably be met through a series of smaller, less 

risky ACAT II-IV programs. 

 Conduct early and comprehensive cost-benefit and risk assessments of 

requirements and technology, as well as system design and integration, all with an 

emphasis on affordability. 

 Reach consensus on requirements and costs among all stakeholders before 

determining final formal requirements. 

 Ensure adequate oversight of the prime contractor but use positive incentives to 

motivate contractors to pursue affordability and cost-saving initiatives. 

 Minimize overlap within and among specific evolutionary program increments, as 

well as between major overall program phases. Avoid granting simultaneous MS 

B/C approval, unless the item is fully production ready. Ensure design stability 

and maturity prior to the launch of LRIP to avoid the need for costly retrofits on 

production items based on continuing research, development, test, and evaluation 

(RDT&E) activities. (2015, p. xv) 
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The authors also urged that in cases where imminent threat or other considerations made 

it impossible or undesirable to fully develop the technology prior to production that the program 

recognize the risks that are associated with the development of a weapon system based on 

technology that is less than mature and take appropriate consideration of these risks in planning, 

managing and budgeting the program.  
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 CHAPTER 3 

 

METHODOLOGY 

Overview 

This chapter focuses on the methods used for collecting data for the study and the data 

analysis techniques that were employed.  The goal of the study was to determine the effect of 

concurrency on the development cost and schedule performance of major defense weapons 

system acquisitions.  As we have seen from our examination of the literature, the results of 

studies of process improvement measures in MDAP acquisitions are sensitive to the definitions 

of concurrency, cost growth, and schedule growth.  It is therefore important to clarify the precise 

meaning of these terms as employed in this study and to understand the rationale behind the 

chosen definitions.   

Concurrency as Defined in this Study 

The Department of Defense does not formally define concurrency in MDAPs, but per the 

Government Accounting Office:  

The extent of operational testing before the production decision is generally the way the 

Congressional Budget Office (CBO), and more recently, DOD have measured the degree 

of concurrency in major weapons systems. A non-concurrent system, by their 

measurements, is one in which all planned operational testing has occurred before the 
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production decision. And a highly concurrent system is one in which little or no 

operational testing has occurred before the production decision. (Conahan, 1990, p. 2) 

This study utilized the definition of concurrency in MDAPs described above.  

Concurrency is the proportion of the total production funding that is released while development 

is still in progress.  Concurrency is not a Boolean phenomenon, but instead can occur in degrees 

depending on the magnitude of overlap between development and production.  Different 

programs have widely varying amounts of production funding prior to completion of 

development, and attempting to strike a line that separates all projects into concurrent and non-

concurrent would be arbitrary.  Instead, this study defined concurrency as the proportion of 

production funds that are authorized before the completion of the development phase of the 

program (see Figure 2). 
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Figure 2. Illustration of three programs with varying levels of concurrency. 

  

 

Concurrency as defined in this study can be expressed by the formula 

 % =   ×  100 

where PMSC is the amount of funding that was released for procurement prior to the year 

of the Milestone C review and PTotal is the total procurement funding for the program. 

Cost Growth Defined 

The null hypothesis for the exploration of whether cost growth varies with concurrency is 

expressed as: 

H0 – There will be no significant prediction of cost growth by concurrency. 
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Moderately Concurrent - Some overlap 
of Development and Production
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Cost growth as used in this study is a comparison of the actual cost of the development of 

a major weapon system to the cost estimates that were made prior to the development stage.  

These items were taken from the Cost and Funding section that is included in each SAR report.  

The SAR Baseline Production Estimate was used as the initial estimate, and the Current Estimate 

was used as the actual cost of weapon system development.  As this study only utilized programs 

that have completed the development stage, the Current Estimate was no longer an estimate, but 

instead was the actual development cost that the program experienced. 

Measures of cost growth over time have the potential to be affected by differences in the 

purchasing power of money between the year that the baseline estimates were developed and the 

year in which the SAR data actual performance measures were taken.  SARs account for the 

varying value of money over time by presenting performance numbers in both then-year and 

base-year numbers.  Then-year numbers are used to accurately convey the full impact of current 

estimates on current budgets.  Base-year numbers are presented to allow for balanced 

comparisons of actual costs to the baseline estimated costs.  The adjustments for inflation are 

specified in the Budget Enforcement Act, in which baseline estimates are adjusted along two 

factors.  Payroll-related costs are informed by the U.S. Department of Labor’s Bureau of Labor 

Statistics' (BLS) Employment Cost Index (ECI) for wages and salaries of private sector 

employees.  Non-payroll-related costs are adjusted by the projected increase in the chain-

weighted price index for the Gross Domestic Product (GDP) (Wise & Cochran, 2006).  This 

study utilized the base year numbers of each SAR for both estimated and actual costs to calculate 

the percentage of cost growth while eliminating the effect of the varying value of money over 

time. 



36 
 

The development cost performance data of the presented in the SARs was not adjusted 

for changes in procurement quantity from the baseline estimate to the final numbers of systems 

purchased.  According to the U.S. Department of Defense, RDT&E costs are a financial 

obligation regardless of how many units are produced. They are, in essence, the fixed cost to 

arrive at a point where the DoD can field the weapon system (US Department of Defense, 2013). 

As this study focused specifically on the effect of concurrency on the development cost of 

MDAPS, adjustment for changes in the eventual quantity to be procured were not required.   

The formula used to calculate cost growth is 

  ℎ % =  
−

 ×  100 

where CA is the actual development cost and CE is the estimated development cost, as recorded in 

the SARs. 

Schedule Growth Defined 

The null hypothesis for the exploration of whether schedule growth varies with 

concurrency is expressed as: 

H0 – There will be no significant prediction of schedule growth by concurrency. 

Schedule growth as used in this study is a comparison of the actual duration of the 

development stage of a major weapon system to the duration estimates that were made prior to 

the development stage.  These items were taken from the SAR Baseline History section that is 

included in each SAR report.  The SAR Baseline History section provides the estimated date at 

which the project will enter the development phase (termed Milestone B or MS-B), the estimated 

date at which the project will complete the development phase (termed Milestone C or MS-C), 

and the actual dates in which these milestones occurred.  The actual dates are in the column of 

this section of the SAR labeled Current Estimate, but as this study only considered programs that 
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had completed MS C prior to publication the current estimate reflects the actual date in the past 

that the milestone occurred.  In two cases where the SAR Baseline History section did not 

provide a development estimate, but the Schedule Events section provided a Baseline Production 

Estimate, the Baseline Production Estimates were used. 

The length of MDAP development schedules varies due to many factors including 

complexity, maturity, material lead times, etc.  The schedule growth data in this study were 

normalized for length of schedule by using the percentage growth of development schedule as 

opposed to the actual schedule growth in days.  Schedule growth was calculated as the percent 

difference between the baseline development schedule estimate and the actual development 

schedule.  As stated, the development schedule was defined as starting at Milestone B and 

ending at Milestone C when development was complete.  The calculation of development 

schedule growth as used in this study can be expressed by the formula 

Development Schedule Growth % =  
−

 ×  100 

where Actual Days (DA) is 

= −  

and Estimated Days (DE) is 

=  −  

DA is the span in days between actual Milestone B (MSBA) and Milestone C (MSCA) dates 

and DE is the span in days between estimated Milestone B (MSBE) and Milestone C (MSCE) 

dates.  These time spans represent the actual and the estimated lengths of project development, 

respectively. 
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Data Collection 

The population from which the data for this study was drawn is the entire library of 

Selected Acquisition Reports for all Major Defense Acquisition Programs for the years 2011 

through 2015.  These reports were made available from the Office of the Under Secretary of 

Defense for Acquisition, Technology and Logistics via the Freedom of Information Act.  The 

most recent SAR for each program in the population was examined for a total of 109 unique 

SARs over the five-year period.  The acquisition of major weapon systems typically spans 

several years, and each program is required to submit a SAR each year, so the most recent SAR 

for the majority (79) of programs in the population was 2015.  If a program’s most recent SAR 

was between 2011 and 2014 it was because the program was 90% completed and was no longer 

required to submit a SAR, or because the program was canceled or consolidated into another 

program. 

From the 109 unique Selected Acquisition Reports in the population a total of 46 of the 

SARs were found to meet the criteria to be included in the study.  The reason for exclusion of 

SARs, in order of frequency, was: 

1. Program had not completed MS C prior to publication of the SAR.  If the program 

had not yet completed MS C there would be no actual cost and schedule data to 

compare to estimates (20 of 63). 

2. The program did not utilize the standard milestone reporting format for reasons 

unique to that program.  Examples include programs that consist of a mix of 

deliverable components with various delivery schedules, programs that are not 

end items but components of other systems, or programs that by their nature 

require an incremental evaluation approach (20 of 63). 
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3. The program had no development component, it was a follow-on to a previously-

developed item or an adaption of a commercial item (12 of 63). 

4. The program had no production component, the project was for development 

alone (6 of 63). 

5. The program was cancelled prior to completion of development or consolidated 

into another program (5 of 63). 

 

The specific data items that were taken from the SARs or derived directly from SAR data 

are shown in Table 1.   
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Table 1. Data Items for Study – Source: Selected Acquisition Reports. 

 

Data Preparation and Analysis Methods 

As described earlier, SAR cost data was normalized for inflationary influences by using 

base year cost figures that were adjusted for inflation using DoD prescribed techniques.  Cost 

ITEM UOM Notes

Baseline Estimate Milestone B (MS B) Date Date Taken from SAR Baseline History section

ActuaL Milestone B Date Date Taken from SAR Baseline History section

Baseline Estimate Milestone C (MS C) Date Date Taken from SAR Baseline History section

Actual Milestone C Date Date Taken from SAR Baseline History section

Estimated Length of Development Days
Calculated field = Baseline Estimate MS C date - 
Baseline Estimate MS B date

Actual Length of Development Days
Calculated field = Actual MS C date - Actual MS B 
date

Development Schedule Growth Percent
Calculated field = (Actual Length of Development - 
Estimated Length of Development) / Estimated 
Length of Development

Development Cost Estimate Base Year $M Taken from SAR Cost and Funding Section

Actual Development Cost Base Year $M Taken from SAR Cost and Funding Section

Development Cost Growth Percent
Calculated field = (Actual Development Cost - 
Development Cost Estimate) / Development Cost 
Estimate

Funding for Production Prior to Milestone C Base Year $M
Taken from Annual Funding tables for 
Procurement in SAR Cost and Funding Section

Total Production Funding Base Year $M Taken from SAR Cost and Funding Section

Percent Concurrency Percent
Calculated field = Funding for Production Prior to 
MS C / Total Production Funding
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data was normalized for program size by expressing development cost growth as the proportion 

of development cost growth to the overall planned development cost of the program. 

MDAPs vary significantly in terms of planned schedule length according to the 

complexity and individual challenges of the system being developed.  To avoid overemphasizing 

the effect of programs of longer duration, the SAR schedule data was normalized for program 

length by using the proportion of schedule growth to the baseline planned schedule of the 

program. 

Concurrency was normalized for the varying size and scope of the various projects by 

expressing concurrency as a percentage of the total procurement funding that was spent prior to 

Milestone C.  In this study cost growth, schedule growth and concurrency are all expressed as 

percentages to allow for equal comparisons of programs of varying size and duration, although to 

facilitate calculations the three variables, development schedule growth, development cost 

growth, and concurrency were transformed from percent to decimals prior to performing the 

analysis in SPSS. 

The study examined whether concurrency, a ratio independent variable ranging from 0% 

to 100%, has a relationship with cost growth and/or with schedule growth, each of which are 

ratio dependent variables measuring the percentage of development cost or schedule growth of 

the project from the baseline estimate.  Both cost and schedule growth are expressed as 

percentages and can be positive to represent cost or schedule increase or negative to represent 

cost or schedule reduction.   

Simple linear regression is the most commonly used analysis method when examining the 

relationship between a quantitative outcome and a single quantitative explanatory variable 

(Seltman, 2009).  Simple linear regression is a statistical method that allows the researcher to 
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assess the linear relationship between two continuous variables.  “Simple” in this context refers 

to the fact that there is a single explanatory variable being tested, as opposed to multiple linear 

regression.  This test is also known by several different names, including bivariate linear 

regression.  The independent variable was the level of development concurrency of the program 

as defined by the proportion of production funds that were released prior to the programs’ 

planned Milestone C dates.  The dependent variables were development cost growth and 

development schedule growth as collected from SAR data and as derived using the previously-

defined formulae. 

For this study, simple linear regression analysis was used to a) determine whether the 

linear relationship between cost or schedule growth and concurrency is statistically significant; 

b) determine how much if any of the variation in cost growth and schedule growth are explained 

by concurrency; c) understand the direction and magnitude of the relationship, if any (e.g. does 

the cost of MDAP development increase with concurrency, or does it decrease?); and d) predict 

values for the cost and schedule growth of MDAPs based on the amount of concurrency that the 

program employs.  Expressed mathematically, the research relationships that were explored can 

be expressed as: 

Y =  β0 +  β1X +  ε 

where X is concurrency, Y is cost growth in the first analysis and schedule growth in the second, 

β0 is the intercept of the line described by the relationship, β1 is the slope of the line, and ε is the 

error, or the amount of cost growth or schedule growth that are not explained by concurrency. 

Two separate analyses were performed, one to describe the relationship between 

concurrency and the cost growth of program development, and another to describe the 

relationship between concurrency and the schedule growth of program development.  For each of 
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these analyses, the data was examined to determine if it meets the criteria for performing simple 

linear regression.  Simple linear regression assumes a continuous dependent variable and a 

continuous independent variable.  In the case of this study, the dependent variable is Cost 

Growth in the first analysis and Schedule Growth in the second analysis.  Each of these 

dependent variables represents a proportion of change in a measurement over time. 

Consequently, there are an infinite number of possible values for each of the dependent variables 

and they meet the definition of continuous.  Similarly, the independent variable in both analyses 

is concurrency, which is expressed as a proportion that ranges from zero to one with an infinite 

number of possible values therein.  Thus, both the dependent and the independent variables meet 

the assumption of being continuous. 

The data was examined for the next assumption requirement of simple linear regression, 

linearity.  Linearity was assessed through the creation of scatterplots for both analyses, which are 

presented in Figure 3 and Figure 4.  Visual inspection of this scatterplot indicated a linear 

relationship between cost growth and concurrency and between schedule growth and 

concurrency. 
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Figure 3. Scatterplot of Cost Growth by Concurrency. 

 
Figure 4. Scatterplot of Schedule Growth by Concurrency. 
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Simple linear regression requires independence of observations, meaning that the errors 

or residuals in the data are independent of one another.  If observations are independent there is 

no information contained in the residual for one sample that can provide insight into the residual 

of another sample.  This is also referred to as 1st-order autocorrelation.  Independence of 

observations were determined using the Durbin-Watson statistic.  The Durbin-Watson statistic 

ranges from 0 to 4, with a result of 2 representing perfect independence of observations (Laerd 

Statistics, 2015).  There was independence of residuals for cost growth and concurrency, as 

assessed by a Durbin-Watson statistic of 2.282, and there was independence of residuals for 

schedule growth and concurrency, as assessed by a Durbin-Watson statistic of 2.139. 

Significant outliers (cases where the actual value of the dependent variable is very 

different to the value the model would have predicted) can have a detrimental effect on linear 

regression analysis.  Outliers were identified through casewise diagnostics.  Case number 25 was 

identified as a potential outlier for cost growth with a residual value that was more than 3 

standard deviations from its predicted value.  Case number 25 was the MQ-8 Fire Scout, an 

unmanned autonomous helicopter developed by Northrop Grumman that experienced a 

development cost growth of 92.1%.  The MQ-8 Selected Acquisition Report reveals that the 

program went through a Title 10 Section 2433 (Nunn-McCurdy Breach) review in 2014 due to a 

unit cost breach in the FY 2015 Presidential Budget.  The reason for the cost increase was 

identified as an increase in development scope due to technological progress that eventually 

resulted in the division of the program into two variants, the original MQ-8B and a more 

advanced variant based on a different airframe with greater endurance, range and payload 

capacity labeled the MQ-8C.  As this is an atypical instance in which the increased development 
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costs were clearly attributable to the addition of a new variant, this case was excluded from 

study. 

Case number 4 was identified as a potential outlier for schedule growth, with an observed 

value that was greater than 5 standard deviations from the predicted value.  Case number 4 was 

the Advanced Medium Range Air-to-Air Missile (AMRAAM) program, which experienced 

311.8% schedule growth in the development phase from 761 days to 3,134 days.  The 

AMRAAM experienced such profound difficulties in development that the Air Force sponsored 

a study of the program to determine exactly what went wrong and how to avoid such difficulties 

in future acquisitions (Mayer, 1993).  The primary contributors to the program’s schedule issues 

were directly related to the utilization of concurrent design principles.  At the outset of 

development of this program there was significant pressure to shorten the development timeline 

to respond to a congressional desire to have the AMRAAM missile ready in time to include its 

capability in a planned sale of F-16 fighter jets to Europe.  This pressure led the development 

team to dramatically compress the planned development schedule, a feat that was to be 

accomplished largely through the utilization of concurrency.  According to the study, “From the 

beginning, AMRAAM was a highly concurrent program, with combined Contractor 

Development Testing and Evaluation (CDT&E) and Operational Testing and Evaluation 

(OT&E) to take place in the latter half of Full Scale Development (FSD)” (Mayer, 1993, p. 18).  

Additional concurrency measures that were implemented to meet the compressed schedule 

included scheduling much of the development work during the validation phase and planning a 

production decision prior to the completion of FSD. 

While the dramatic schedule growth of the AMRAAM program is not ideal from a 

statistical perspective, the development schedule issues that the program faced were identified as 
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resulting from the utilization of concurrency.  According to the 2015 AMRAAM SAR, the 

program released 24% of the production funding prior to the completion of development (Sobel, 

2015).  Many of the potential disadvantages of concurrency that were identified in the literature 

were illustrated in the development of this weapon system.  The development issues cannot be 

attributed to an inherent defect in the weapon’s design concept, as technologically, the missile 

was successful.  It has been delivered to 36 countries to date and has completed over 1.8 million 

captive-carry hours and 2,900 live firings (Air Force Technology, n.d.), fulfilling its intended 

role as a medium range fire and forget weapon that greatly increased both the offensive and 

defensive capabilities of domestic and allied fighter jets.  While it is true that the dramatic delays 

in the program’s schedule became increasingly political in origin as overseers became 

“hypervigilant” and more and more resources became devoted to defending the program as 

opposed to managing it, these delays are a direct consequence of development problems that 

stemmed from the program’s heavy reliance upon concurrency.  This appears to be a valid case 

and representative of the questions being explored in this study, therefore, the decision was made 

to include this case in the study despite its identification as a potential outlier. 

The assumption of homoscedasticity is important to linear regression analysis.  To be 

homoscedastic means that the variance of the errors is constant across all the values of the 

independent variable.  An example of a violation of homoscedasticity would be if the values of 

the dependent variable were more tightly grouped around the regression line for lower values of 

the independent variable than for higher values.  The assumption of equal error variances can be 

checked by inspection of a plot of the residuals against the predicted values (Laerd Statistics, 

2015).  Scatterplots of the standard residual of cost growth and schedule growth are shown in  
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Figure 5 (with the outlying case removed) and Figure 6, respectively.  In both cases, there 

was homoscedasticity, as assessed by visual inspection of a plot of standardized residuals versus 

standardized predicted values.

 

Figure 5. Plot of Residual vs Predicted Value for Cost Growth. 
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Figure 6. Plot of Residual vs Predicted Value for Schedule Growth. 

Finally, the data was examined for normality using visual inspection of a histogram and a 

Normal P-P Plot.  Figure 7 and Figure 8 are a histogram of the standardized residuals for cost 

growth and schedule growth, respectively.  
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Figure 7. Histogram of Standardized Residual for Cost Growth. 

 
Figure 8. Histogram of Standardized Residual for Schedule Growth. 

From these figures the residuals for cost growth appear to suffer slightly from positive 

skewness while the residuals for schedule growth are normally distributed.  While the skewness 

exhibited by cost growth can have an impact on the results of a linear regression analysis, it is 
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not always essential to perform data transformations to correct for the condition.  In 2014, 

Minitab, Inc. published a white paper to explain the research conducted by Minitab statisticians 

to develop the methods and data checks used in their statistical software.  In that report Minitab 

statisticians performed multiple simulation analyses of distributions with a sample size of 15 that 

departed substantially from a normal distribution to determine how large the sample size needs to 

be in order to provide reliable results for analyses that are based on an assumption of normal 

distribution.  They found that for sample sizes of 15 or greater the probability of finding 

statistically significant results did not differ substantially for any of the non-normal distributions 

(Minitab, 2014).  As such, it was determined that no transformations were required to correct for 

the positive skewness of cost growth.  
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 CHAPTER 4 

 

RESEARCH FINDINGS 

Introduction 

It was determined above that simple linear regression was the appropriate analysis to 

determine whether concurrency was an effective predictor of cost growth or schedule growth in 

the development of major weapon systems, and that the collected data meet the requirements for 

utilizing linear regression analysis.  Two separate analyses were conducted.  The first examined 

the relationship between cost growth and concurrency and the second examined the relationship 

between schedule growth and concurrency.  For each of the analyses the hypothesis was 

explored by determining the proportion of the dependent variable (either cost growth or schedule 

growth) that is explained by concurrency.  An Analysis of Variance (ANOVA) was performed 

for both cost growth and schedule growth to determine whether the models are a better predictor 

of cost or schedule growth than the sample mean.  The coefficients of the regression analyses 

were examined to describe the relationship between cost growth and concurrency and between 

schedule growth and concurrency and to determine whether a statistically significant relationship 

existed for either model. 

The rationale for performing the analyses as described was to determine whether 

concurrency is an effective predictor of cost growth or of schedule growth, and to understand the 

nature of any relationship that may be found.  From the perspective of DoD acquisitions or 
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program management personnel who may be trying to decide whether to utilize concurrency in 

an upcoming weapon acquisition effort, a negative association of concurrency with cost growth 

would indicate that concurrency has the potential to improve the cost performance of the 

program’s development.  Similarly, a negative association of concurrency with schedule growth 

would indicate that concurrency would improve schedule performance.  If no relationship is 

found it would indicate that concurrency would not be a fruitful strategy to employ for those 

looking to improve cost or schedule performance.  A positive association of concurrency with 

cost or schedule growth would indicate that concurrency has a detrimental effect on development 

cost or schedule performance.  These are all critical considerations when deciding upon the 

appropriate funding strategy for a new program. 

Analyzing Cost Growth and Concurrency 

The first hypothesis that was explored was the relationship between cost growth and 

concurrency in Major Defense Acquisition Programs.  The null hypothesis is expressed as: 

H0 – There will be no significant prediction of cost growth by concurrency. 

In contrast, the alternate hypothesis is: 

HA – Concurrency is a significant predictor of cost growth. 

Percentage of cost growth variance explained by concurrency 

Table 2 presents summary statistics for the dependent variable cost growth.  The measure 

for R2 represents the percentage of variance in cost growth that can be explained by concurrency.  

The R2 = .023 result of our analysis indicates that concurrency accounted for 2.3% of the 

variance in sample cost growth. The Adjusted R2 = .000 indicates that concurrency does not 

explain cost growth in the population. 
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Table 2. Model Summary for Cost Growth. 

Model Summaryb 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate Durbin-Watson 

1 .150a .023 .000 .21867 2.282 

a. Predictors: (Constant), Concurrency 

b. Dependent Variable: Cost Growth 

 

Statistical significance of the cost growth model 

The ANOVA test indicates whether the regression model is a better predicter of cost 

growth than simply predicting that the cost growth of a given program will equal the mean cost 

growth of the sample.  Table 3 shows ANOVA results of cost growth using concurrency as the 

predicting value.  The results indicate that concurrency did not statistically significantly predict 

cost growth, F(1,43) = 0.996, p > .05. 

Table 3. ANOVA Analysis of Cost Growth. 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 Regression .048 1 .048 .996 .324b 

Residual 2.056 43 .048   

Total 2.104 44    

a. Dependent Variable: Cost Growth 

b. Predictors: (Constant), Concurrency 

 

Interpreting the coefficients of the cost growth model 

The regression equation for the line that describes the relationship between cost growth 

and concurrency can be expressed by the formula: 

 ℎ = + (  ×  ) 

where  is the intercept, or constant, of the line, and  is the coefficient of the slope.  Table 4 

shows the table of coefficients for the dependent variable cost growth.  You can see from the 
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table that the intercept of the line is .115 and the coefficient of the slope is .348.  Therefore, the 

formula for this regression is: 

 ℎ = .115 + (.348 ×  ) 

The p-value of the slope coefficient is .324, meaning that the slope coefficient is not statistically 

significant and that there is no linear relationship between concurrency and cost growth in 

MDAPs.  Thus, we fail to reject the null hypothesis that there will be no significant prediction of 

cost growth by concurrency. 

 
Table 4. Table of Coefficients for Cost Growth. 

Coefficientsa 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

95.0% Confidence Interval 

for B 

B Std. Error Beta Lower Bound Upper Bound 

1 (Constant) .115 .040  2.884 .006 .035 .196 

Concurrency .348 .349 .150 .998 .324 -.356 1.052 

a. Dependent Variable: Cost Growth 

 

Analyzing Schedule Growth and Concurrency 

The relationship between schedule growth and concurrency in Major Defense Acquisition 

Programs was the next hypothesis that was explored.  The null hypothesis is expressed as: 

H0 – There will be no significant prediction of schedule growth by concurrency. 

In contrast, the alternate hypothesis is: 

HA – Concurrency is a significant predictor of schedule growth. 

Percentage of schedule growth variance explained by concurrency 

In Table 5 we can see that the R value for the relationship between schedule growth and 

concurrency is R = .386.  Cohen (1988) provides guidance for placing R values in perspective in 

terms of the magnitude of effect along with a discussion of the implications of the R value for 
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different types of studies.  The general-purpose assessment of R scores that Cohen provides 

assigns ranges for small, medium and large effects, with R = .10 being described as a small 

effect, R = .30 as a medium effect, and R = .50 as a large effect.  Given this assessment rubric, 

the resulting R score for the relationship between schedule growth and concurrency would be 

characterized as a medium to large effect.  Cohen cautions that this categorization is subject to 

interpretation based on the type of study and the phenomena being studied.  In general, studies of 

behavioral phenomena result in lower R scores than studies of physical phenomena.  In carefully 

controlled studies of the physical sciences researchers can often account for greater than 99% of 

the variance of the dependent variable.  In those types of studies an R score of R = .50, which 

implies that 25% of the variance of the sample can be explained by the independent variable, 

would not be considered a large effect.  The results are therefore subject to interpretation based 

on the parameters of the study itself.  Research outside of the laboratory rarely produces such 

strong relationships as more and more noise accompanies the variables.  This is likely the case 

with the measurement under consideration, which supports the interpretation of the resulting 

score of R = .386 as a medium to large effect. 

Table 5. Model Summary for Schedule Growth. 

Model Summaryb 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate Durbin-Watson 

1 .386a .149 .129 .48408 2.139 

a. Predictors: (Constant), Concurrency 

b. Dependent Variable: Schedule Growth 

 

The R2 value for the relationship between schedule growth and concurrency is .149, 

meaning that 14.9% of the variance in the schedule growth of the sample can be explained by 

concurrency.  As demonstrated above this is considerably greater than the amount of cost growth 
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that can be explained by concurrency.  An adjusted R2 = .129 means that 12.9% of the schedule 

growth of the population can be explained by concurrency. 

Statistical significance of the schedule growth model 

The ANOVA analysis table presented in Table 6 indicates that concurrency is a better 

predicter of schedule growth than simply predicting that the schedule growth of a given program 

will equal the mean schedule growth of the sample.  The results indicate that concurrency is a 

statistically significantly predictor of cost growth, F(1,43) = 7.53, p < .05. 

Table 6. ANOVA Analysis of Schedule Growth. 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 1.764 1 1.764 7.527 .009b 

Residual 10.076 43 .234   

Total 11.840 44    

a. Dependent Variable: Schedule Growth 

b. Predictors: (Constant), Concurrency 

 

Interpreting the coefficients of the schedule growth model 

The regression equation for the line that describes the relationship between schedule 

growth and concurrency can be expressed by the formula: 

ℎ  ℎ = + (  ×  ) 

where  is the intercept, or constant, of the line, and  is the coefficient of the slope.   
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Table 7. Table of Coefficients for Schedule Growth. 

Coefficientsa 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

95.0% Confidence Interval for B 

B Std. Error Beta Lower Bound Upper Bound 

1 (Constant) .140 .089  1.583 .121 -.038 .319 

Concurrency 2.120 .773 .386 2.744 .009 .562 3.678 

a. Dependent Variable: Schedule Growth 

 

Table 7 is the table of coefficients for the dependent variable schedule growth.  You can 

see from the table that the intercept of the line is .140 and the coefficient of the slope is 2.120.  

Therefore, the formula for this regression is: 

ℎ  ℎ = .140 + (2.120 ×  ) 

The p-value of the slope coefficient .009, meaning that the slope coefficient is statistically 

significant at p < .05 and that there is a positive linear relationship between concurrency and 

schedule growth in MDAPs.  Thus, we reject the null hypothesis that there will be no significant 

prediction of schedule growth by concurrency and instead accept the alternate hypothesis that 

concurrency is a significant predictor of schedule growth. 

Validation of the schedule growth model 

The Pearson’s Product-Moment Correlation procedure was used to validate the results of 

the schedule growth regression model.  The results are shown in Table 8 below. 
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Table 8. Pearson’s Correlation Analysis of Schedule Growth and Concurrency. 

Correlations 

 
Schedule 

Growth Concurrency 

Schedule Growth Pearson Correlation 1 .386** 

Sig. (2-tailed)  .009 

N 45 45 

Concurrency Pearson Correlation .386** 1 

Sig. (2-tailed) .009  

N 45 45 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

You can see from the table that the analysis shows a positive correlation between 

concurrency and schedule growth. This correlation is significant at the 0.01 level. 
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 CHAPTER 5 

 

CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH 

Introduction 

This chapter synthesizes the results of the analyses performed in light of the research 

hypotheses, the findings in the literature, and the conceptual framework of the study.  The results 

of the study are discussed in terms of their application to future major weapon systems 

acquisitions and how the stakeholders in such efforts can utilize the findings in order to make 

decisions that lead to better outcomes.  This chapter also discusses the limitations of the study 

that should be considered when applying the results to specific weapons system acquisition 

scenarios.  Finally, this chapter presents suggestions for further research that were brought to 

light by this study. 

Summary of Findings 

Two separate analyses were performed, one to determine whether the cost growth of 

Major Defense Acquisition Programs varied with the adoption of concurrent design principles, 

and the other to determine whether the schedule growth of MDAPs varied with concurrent 

design principles.  The study found that concurrency was not a statistically significant predictor 

of cost performance of program development.  The study also found that concurrency was a 

statistically significant predictor of schedule performance and that the relationship was positive, 

meaning that schedule growth increased with increasing levels of concurrency. 
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Conclusions and Discussion 

This study was undertaken to add to the body of knowledge regarding defense weapons 

system acquisition practices and to provide practical guidance to Department of Defense and 

industry decisionmakers in determining the desirability of employing concurrent design 

principles in the development of Major Defense Acquisition Programs.  A review of the 

literature demonstrated the critical need for the cost-effective and timely development of new 

weapons programs to support that the nation’s defense strategies.  Numerous studies have been 

performed and numerous strategies employed to attempt to improve the cost and schedule 

performance of these programs, but the magnitude of cost and schedule growth has been shown 

to be increasing over time rather than decreasing.   

In an effort to improve cost and schedule performance of MDAPs, several weapon 

development programs have adopted modern manufacturing principles, including the utilization 

of concurrent design, in which the development of the weapon system overlaps with its 

procurement.  Concurrency is intended to result in a more efficient development process by 

incorporating feedback from all stakeholders in to the development of a technology from the 

outset, allowing manufacture to begin sooner by integrating manufacturing feedback early in the 

design process and by addressing problems early in the design phase that would not have been 

identified in a traditional sequential design strategy until late in the design process.  

The results of this study suggest that concurrency as applied in the cases under study 

made no difference to the cost of developing a new weapon system.  While the range of cost 

performance varied from programs that concluded development under budget to programs that 

experienced 74% cost growth, concurrency was found to have no effect on cost growth and 
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offers no insight for the practitioner looking for methods to improve the cost performance of 

their development programs. 

Concurrency was found to be a statistically significant predictor of the schedule 

performance of weapons development, but not in the manner that proponents of concurrent 

design might have expected.  Concurrency and cost growth were found to have a positive 

relationship, which means that as concurrency in MDAPs increased, so did the development 

schedule.  In other words, this study found that the application of concurrent engineering in the 

cases under study had the precise opposite of the desired effect.  This result, while instructive to 

those who are considering utilizing concurrency in the development of a weapon system, is not a 

clear indictment of the principle of concurrent design, but rather of the manner in which 

concurrent design has been applied for these programs.  Concurrent design represents unique 

challenges to program development.  For the concept to be effective, communication channels 

must be established and maintained throughout the design process for all stakeholders from the 

design engineer to the eventual end user and all disciplines in between.  Any individual or entity 

that will be involved in any stage of the weapon’s development, manufacture, use or disposal 

will need to be informed at each stage of development and their feedback must be incorporated at 

each stage of development.  This is a daunting proposition when you consider the sheer number 

of important stakeholders involved in the development of a major weapon system.  At a 

minimum these include representatives from industry, DoD, congress, and the particular branch 

or branches of the armed forces for which the system is being developed.  Many programs span 

multiple industry partners and in several cases stakeholders include representatives from armed 

forces outside the United States (e.g. the F-35 Joint Strike Fighter).  Concurrent design involves 

a constant feedback loop that can be extraordinarily challenging in these scenarios.  Breakdowns 
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in the communication structure that interrupt this feedback loop can cause the potential benefits 

of concurrency to rapidly disappear.  Program Managers or DoD Acquisitions personnel should 

carefully consider the requirements for effective implementation of concurrency prior to 

deciding to utilizing the practice in a new acquisition effort.  

The fact that concurrency can be so difficult to employ effectively in the development of 

such large and complex systems suggests that further study be focused on the skill with which 

concurrency was implemented in various MDAPs, and whether significant differences exist 

between the cost and schedule performance of programs based on the methodologies used to 

implement concurrency.  Such a study would need to identify and distinguish specific practices 

and methods of concurrency implementation to identify which elements are effective in reducing 

cost and schedule growth.  Such a study would likely involve interviews of participants in past 

acquisitions as well as access to data beyond what is made available to the public via Selected 

Acquisition Reports. 

There is some ambiguity in the data utilized in this research regarding the baseline 

estimating process.  It was noted in the preceding discussion of the use of SARs in research that 

the DoD provides comprehensive guidelines in the preparation of these estimates in the form of a 

Cost Estimating and Assessment Guide that is published by the Government Accountability 

Office (B. Leonard, 2009).  Even given these guidelines the estimates are prepared by different 

individuals who are subject to interpret this 420-page tome differently.  There is also the matter 

of reporting estimated cost and schedule information in a single format when programs can and 

do have unique characteristics that could introduce subjectivity into the estimation process.  For 

example, some MDAPs are for the procurement of hundreds or thousands of identical 

deliverables (e.g. missiles, radios, trucks, etc.) whereas other MDAPs involve multiple 
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deliverables that combine to form a single weapon system.  Still other MDAPs employ a phased 

development strategy, wherein different variants of a system are being developed that may 

complete their development at different times.  The Cost Estimating and Assessment Guide 

discusses such cases in the section on Evolutionary Acquisition and Cost Estimation, but there is 

enough subjectivity in the process to potentially allow for different interpretations by different 

DoD cost estimators.  In such cases it may be difficult to ensure that estimation practices are 

consistent from program to program. 

Selected Acquisition Reports do not indicate the extent to which concurrency or other 

modern manufacturing methods that are employed in an effort to improve performance are taken 

into consideration in the estimating process, and the Cost Estimating and Assessment Guide does 

not provide a methodology for estimating the effects of concurrency.  This suggests that another 

useful study topic would be to determine which methods of cost estimation best capture the 

effects of concurrency on cost and schedule growth.   

Conclusion 

The purpose of this study was to increase the body of knowledge regarding the use of 

concurrent design in the development of major weapon systems by the US Department of 

Defense, and to provide insight to decisionmakers who are trying to determine how to structure 

their weapons acquisition programs for the greatest likelihood of successfully meeting cost and 

schedule commitments.  It was shown that concurrency, as implemented in the major weapon 

systems acquisition efforts that were active between 2011 and 2015, is not a predictor of cost 

performance.  More importantly, the results indicate that concurrency as implemented in these 

programs was a predictor of schedule growth, and that the relationship is a positive one, meaning 

that as the level of concurrency employed increases the schedule slips further from the initial 
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estimate.  This suggests that concurrency in Major Defense Acquisition Systems development be 

avoided until further study can identify which elements or strategies of concurrency are effective 

for programs of this size and complexity. 

In closing, it is important to emphasize that the findings of this study relate not to the 

overall concept of concurrency, but rather to the impact on development cost and schedule of 

concurrency as it has been applied in the development of the major weapon systems under study.  

The development of major weapon systems typically involves the very latest in technology and a 

large contingent of people who have an interest in the outcome of the program.  Achieving the 

smooth continual flow of information among project participants that is required for the effective 

implementation of concurrent design principles becomes more challenging as the number of 

stakeholders and the complexity of the program increases.  In addition, there may be important 

motivations to employ concurrent design other than optimizing development cost and schedule 

growth.  An example cited earlier in the study is the necessity of maintaining the defense 

manufacturing infrastructure, which may not be able to easily endure the gaps in manufacturing 

activity that result from the traditional sequential design approach.  This study does not condemn 

the concept of concurrency nor its potential application to major defense acquisition program 

development, but it does indicate the need for more effective practices and tools in the 

application of concurrency in future weapon systems development programs. 
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S
A
R
 
#

MDAP

Baseline 
Estimate 

Milestone B 
Date

Actual 
Milestone B 

Date

Baseline 
Estimate 

Milestone C 
Date

Actual 
Milestone C 

Date

Estimated 
Length of 

Development 
(Days)

1 AEHF Jun-01 Sep-01 Jun-04 Jun-04 1,096                      

2 JDAM Sep-95 Sep-95 Nov-00 Mar-01 1,888                      

3 AWACS_Blk_40-45_Upgrade Jul-03 Jul-03 Jan-09 Jan-09 2,011                      

4 AMRAAM Nov-82 Sep-82 Dec-84 Apr-91 761                         

5 B-2_EHF_Inc_1 Feb-07 May-07 Jul-11 Feb-12 1,611                      

6 C-5_RERP Nov-01 Nov-01 Dec-06 Mar-08 1,856                      

7 GPS_III Feb-08 May-08 Sep-09 Jan-11 578                         

8 JASSM Nov-98 Nov-98 Jul-02 Apr-04 1,338                      

9 MQ-9_Reaper Feb-04 Feb-04 Feb-08 Feb-08 1,461                      

10 SDB_II Jul-10 Jul-10 Jan-13 May-15 915                         

11 AH-64E_Remanufacture Jun-06 Jul-06 Apr-10 Sep-10 1,400                      

12 CH-47F Nov-97 Dec-97 Jan-04 Nov-04 2,252                      

13 Excalibur May-97 May-97 Jun-06 May-05 3,318                      

14 GMLRS_GMLRS_AW Mar-98 Jul-98 Oct-03 Mar-03 2,040                      

15 JTRS_HMS Apr-04 Apr-04 Mar-08 May-11 1,430                      

16 MQ-1C_Gray_Eagle Apr-05 Apr-05 Feb-10 Mar-11 1,767                      

17 UH-60M_Black_Hawk Apr-01 Mar-01 Mar-04 Mar-05 1,065                      

18 WIN-T_Inc_2 Jun-07 Jun-07 Apr-09 Mar-10 670                         

19 JLTV Aug-12 Aug-12 May-15 Aug-15 1,003                      

20 AARGM Apr-03 Jun-03 Mar-08 Sep-08 1,796                      

21 CEC May-95 May-95 Oct-98 Apr-02 1,249                      

22 EA-18G Nov-03 Dec-03 Apr-07 Jul-07 1,247                      

23 GATOR Aug-05 Aug-05 Jul-13 Mar-14 2,891                      
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S
A
R
 
#

MDAP

Baseline 
Estimate 

Milestone B 
Date

Actual 
Milestone B 

Date

Baseline 
Estimate 

Milestone C 
Date

Actual 
Milestone C 

Date

Estimated 
Length of 

Development 
(Days)

24 H-1_Upgrades Sep-96 Oct-96 Feb-04 Sep-08 2,709                      

25 MQ-8_Fire_Scout Jan-00 Jan-00 Feb-07 May-07 2,588                      

26 SM-6 Jun-04 Jun-04 Sep-08 Aug-09 1,553                      

27 SSC Jul-12 Jul-12 Nov-14 May-15 853                         

28 SSN_774 Jun-95 Jun-95 Oct-07 Sep-10 4,505                      

29 Trident_II_Missile Oct-83 Oct-83 Mar-87 Apr-87 1,247                      

30 E-2D_AHE May-03 Jun-03 Mar-09 May-09 2,131                      

31 MH-60R Jul-93 Jul-93 Oct-01 Mar-06 3,014                      

32 MUOS Sep-04 Sep-04 Oct-06 Aug-06 760                         

33 NMT Oct-03 Oct-03 Feb-10 Aug-10 2,315                      

34 P-8A May-04 May-04 May-10 Aug-10 2,191                      

35 TACTOM Jun-98 Jun-98 Jun-03 Aug-04 1,826                      

36 LCS Feb-11 Feb-11 Jan-12 Jan-12 334                         

37 JSOW Apr-92 Jun-92 Jul-98 Oct-98 2,282                      

38 MH-60S Apr-98 Jul-98 Sep-00 Aug-02 884                         

39 Patriot_MEADS_CAP Aug-04 Aug-04 Nov-12 Nov-12 3,014                      

40 VTUAV Jan-00 Jan-00 Feb-07 May-07 2,588                      

41 F-A-18E-F Mar-92 May-92 Jan-00 Jun-00 2,862                      

42 JPATS Aug-95 Aug-95 Sep-99 Dec-01 1,492                      

43 AB3A_REMANUFACTURE Jun-06 Jul-06 Apr-10 Sep-10 1,400                      

44 AIM-9X_BLOCK_I Oct-96 Dec-96 Mar-02 May-04 1,977                      

45 HIMARS Dec-99 Dec-99 Mar-03 Mar-03 1,186                      

46 STRYKER Aug-00 Nov-00 Sep-03 Mar-04 1,126                      



75 
 

 

 

S
A
R
 
#

MDAP
Actual Length of 

Development (Days)
Development 

Schedule Growth

Estimated 
Development Cost (BY 

$M)

Actual Development 
Cost (BY $M)

1 AEHF 1,004                                 -8.4% 5,282.8                              6,880.7                              

2 JDAM 2,008                                 6.4% 490.3                                 610.3                                 

3 AWACS_Blk_40-45_Upgrade 2,011                                 0.0% 1,319.0                              1,273.2                              

4 AMRAAM 3,134                                 311.8% 1,725.7                              2,413.1                              

5 B-2_EHF_Inc_1 1,737                                 7.8% 450.2                                 430.5                                 

6 C-5_RERP 2,312                                 24.6% 1,722.9                              1,691.4                              

7 GPS_III 975                                     68.7% 2,623.9                              2,926.0                              

8 JASSM 1,978                                 47.8% 1,405.8                              1,505.6                              

9 MQ-9_Reaper 1,461                                 0.0% 778.8                                 1,248.3                              

10 SDB_II 1,765                                 92.9% 1,678.1                              1,777.9                              

11 AH-64E_Remanufacture 1,523                                 8.8% 1,611.8                              1,565.0                              

12 CH-47F 2,527                                 12.2% 179.7                                 183.3                                 

13 Excalibur 2,922                                 -11.9% 993.4                                 1,006.5                              

14 GMLRS_GMLRS_AW 1,704                                 -16.5% 485.4                                 844.8                                 

15 JTRS_HMS 2,586                                 80.8% 1,254.7                              1,313.1                              

16 MQ-1C_Gray_Eagle 2,160                                 22.2% 895.3                                 940.4                                 

17 UH-60M_Black_Hawk 1,461                                 37.2% 717.5                                 761.3                                 

18 WIN-T_Inc_2 1,004                                 49.9% 264.7                                 289.2                                 

19 JLTV 1,095                                 9.2% 962.3                                 911.6                                 

20 AARGM 1,919                                 6.8% 578.9                                 673.0                                 

21 CEC 2,527                                 102.3% 2,028.1                              2,985.9                              

22 EA-18G 1,308                                 4.9% 1,755.3                              2,120.5                              

23 GATOR 3,134                                 8.4% 986.5                                 989.6                                 
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S
A
R
 
#

MDAP
Actual Length of 

Development (Days)
Development 

Schedule Growth

Estimated 
Development Cost (BY 

$M)

Actual Development 
Cost (BY $M)

24 H-1_Upgrades 4,353                                 60.7% 1,799.2                              1,704.1                              

25 MQ-8_Fire_Scout 2,677                                 3.4% 541.1                                 1,039.7                              

26 SM-6 1,887                                 21.5% 861.6                                 834.7                                 

27 SSC 1,034                                 21.2% 552.7                                 495.4                                 

28 SSN_774 5,571                                 23.7% 5,420.4                              5,602.1                              

29 Trident_II_Missile 1,278                                 2.5% 8,434.9                              8,806.3                              

30 E-2D_AHE 2,161                                 1.4% 4,140.0                              5,724.9                              

31 MH-60R 4,626                                 53.5% 1,519.0                              1,853.0                              

32 MUOS 699                                     -8.0% 3,245.2                              3,604.9                              

33 NMT 2,496                                 7.8% 555.9                                 728.1                                 

34 P-8A 2,283                                 4.2% 8,019.1                              8,219.6                              

35 TACTOM 2,253                                 23.4% 564.9                                 623.7                                 

36 LCS 334                                     0.0% 3,433.3                              3,564.5                              

37 JSOW 2,313                                 1.4% 836.8                                 915.7                                 

38 MH-60S 1,492                                 68.8% 390.3                                 674.1                                 

39 Patriot_MEADS_CAP 3,014                                 0.0% 4,992.3                              3,410.7                              

40 VTUAV 2,677                                 3.4% 541.1                                 765.8                                 

41 F-A-18E-F 2,953                                 3.2% 5,889.4                              5,895.2                              

42 JPATS 2,314                                 55.1% 289.2                                 308.7                                 

43 AB3A_REMANUFACTURE 1,523                                 8.8% 1,611.8                              1,610.4                              

44 AIM-9X_BLOCK_I 2,708                                 37.0% 531.4                                 546.7                                 

45 HIMARS 1,186                                 0.0% 206.3                                 242.0                                 

46 STRYKER 1,216                                 8.0% 678.6                                 1,001.6                              
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S
A
R
 
#

MDAP
Development Cost 

Growth

Annual Funding for 
Procurement Prior to 

Year of Actual 
Milestone C (BY $M)

Total Procurement 
Funding (BY $M)

Percent Concurrency

1 AEHF 30.2% 0                                     4,614.2                              0.0%

2 JDAM 24.5% 384.9                                 6,347.4                              6.1%

3 AWACS_Blk_40-45_Upgrade -3.5% 2.7                                      1,382.0                              0.2%

4 AMRAAM 39.8% 3,355.0                              13,729.6                           24.4%

5 B-2_EHF_Inc_1 -4.4% 0                                     123.4                                 0.0%

6 C-5_RERP -1.8% 61.2                                    5,001.6                              1.2%

7 GPS_III 11.5% 94.0                                    2,254.4                              4.2%

8 JASSM 7.1% 108.5                                 5,213.3                              2.1%

9 MQ-9_Reaper 60.3% 705.2                                 9,221.7                              7.6%

10 SDB_II 5.9% 0                                     2,392.5                              0.0%

11 AH-64E_Remanufacture -2.9% 28.1                                    11,093.6                           0.3%

12 CH-47F 2.0% 733.9                                 12,826.9                           5.7%

13 Excalibur 1.3% 0                                     745.6                                 0.0%

14 GMLRS_GMLRS_AW 74.0% 0                                     4,435.5                              0.0%

15 JTRS_HMS 4.7% 0                                     7,442.5                              0.0%

16 MQ-1C_Gray_Eagle 5.0% 752.5                                 3,276.3                              23.0%

17 UH-60M_Black_Hawk 6.1% 13.4                                    20,670.1                           0.1%

18 WIN-T_Inc_2 9.3% 135.0                                 9,296.1                              1.5%

19 JLTV -5.3% 0                                     18,161.8                           0.0%

20 AARGM 16.3% 0                                     1,434.4                              0.0%

21 CEC 47.2% 400.3                                 1,751.6                              22.9%

22 EA-18G 20.8% 346.5                                 11,045.0                           3.1%

23 GATOR 0.3% 87.3                                    1,633.4                              5.3%
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S
A
R
 
#

MDAP
Development Cost 

Growth

Annual Funding for 
Procurement Prior to 

Year of Actual 
Milestone C (BY $M)

Total Procurement 
Funding (BY $M)

Percent Concurrency

24 H-1_Upgrades -5.3% 1,496.8                              9,894.6                              15.1%

25 MQ-8_Fire_Scout 92.1% 0                                     1,409.0                              0.0%

26 SM-6 -3.1% 0                                     6,401.7                              0.0%

27 SSC -10.4% 0                                     3,153.3                              0.0%

28 SSN_774 3.4% 24,158.2                           60,925.2                           39.7%

29 Trident_II_Missile 4.4% 558.4                                 18,261.7                           3.1%

30 E-2D_AHE 38.3% 71.8                                    13,741.7                           0.5%

31 MH-60R 22.0% 1,241.2                              10,384.4                           12.0%

32 MUOS 11.1% 0                                     2,165.4                              0.0%

33 NMT 31.0% 0                                     1,039.5                              0.0%

34 P-8A 2.5% 107.8                                 21,508.5                           0.5%

35 TACTOM 10.4% 471.3                                 4,501.1                              10.5%

36 LCS 3.8% 3,328.7                              20,130.2                           16.5%

37 JSOW 9.4% 70.8                                    1,784.8                              4.0%

38 MH-60S 72.7% 811.1                                 5,797.4                              14.0%

39 Patriot_MEADS_CAP -31.7% 0                                     5,908.6                              0.0%

40 VTUAV 41.5% 0                                     1,848.9                              0.0%

41 F-A-18E-F 0.1% 7,424.9                              39,880.5                           18.6%

42 JPATS 6.7% 513.9                                 4,322.5                              11.9%

43 AB3A_REMANUFACTURE -0.1% 11.0                                    8,639.0                              0.1%

44 AIM-9X_BLOCK_I 2.9% 207.4                                 775.3                                 26.8%

45 HIMARS 17.3% 0                                     1,516.9                              0.0%

46 STRYKER 47.6% 2,326.0                              13,295.7                           17.5%


