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Abstract of Dissertation 
 

Application of Systems Engineering Processes 

 to DOD Science and Technology Research and Development 

Projects 

 
 

System Engineering concepts have been successfully applied within the US 

Department of Defense (DoD) to manufacturing engineering development and 

management support programs for over four decades. For more than a decade 

Systems Engineering has been advocated within the DoD as a means to guide the 

early stages of development of advanced technologies to improve the transition from 

the laboratory to manufacturing.  The concept is that, by improving the quality of 

decisions during the advanced development stages, subsequent insertion of new 

technologies into DoD projects is much more likely to meet project requirements 

while better managing overall cost and schedule performance.  

 

The objective of this research was to gain greater understanding of the perceived 

benefit of Systems Engineering in general, and of 43 specific Systems Engineering 

methods, processes, and tools described in DoD training and in the  literature, as 

applied to the management of DoD 6.2, applied research and 6.3, advanced 

technology development,  R&D projects. Data for the analysis were collected by a 

survey of government and government contractor professionals involved in DoD 

acquisition. The findings show support for and recognition of the use of Systems 

Engineering in R&D projects and provide a ranking of the 43 methods. 
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CHAPTER 1 – INTRODUCTION 
 

 

 

Investment in research for the Department of Defense (DoD) is essential to 

maintain the superiority of United States forces in an environment of increasingly 

technologically advanced weaponry. Technology development to support new 

defense system requirements and to support upgrades to existing defense systems 

must be accomplished efficiently and with control of overall system life cycle costs.  

For FY2009 the DoD plans in excess of $79 Billion for Research, Development, Test, 

and Evaluation (RDT&E). A 2008 General Accounting Office report indicates that, 

while the DoD is taking action, problems remain in program control leading to major 

DoD acquisition programs not meeting goals for cost, schedule, and performance. 

Quoting from the report:  

Total acquisition costs for the fiscal year 2007 portfolio of major defense 

acquisition programs increased 26 percent and development costs 

increased by 40 percent from first estimates.  (Schinasi 2008, 1) 

 

 With continuously increasing costs and the need for faster deployment of new 

technology to meet emerging threats, the DoD continually seeks to improve the 

acquisition process to make the most effective use of funding, while providing the 

warfighters with the needed technology as quickly as possible. Technology that is 

essential to U.S. defense is changing rapidly with advances within both commercial 

and defense labs worldwide. In addition to managing cost, the DoD must transition 

this new technology with an increasingly shorter time to maintain superiority. A 
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primary area of concern is the transition of new technology from the laboratory to the 

field, providing upgrades and insertion of new technology into existing systems and 

deployment of new products. The DoD strives to improve acquisitions by reducing 

overall life cycle costs, shorten the time of technology development and maturity, 

improve performance, and provide metrics on the acquisition improvements. To 

achieve these goals, the DoD has provided guidance for management of Science and 

Technology (S&T) programs and the military services and other DoD components 

have implemented many processes and programs. 

 

 DoD researchers develop technologies that provide near miraculous capabilities 

for U.S. defense; however not all of these technologies and concepts successfully 

transition into fielded capabilities. Some new advanced technologies and capabilities, 

developed at great expense, may, for a variety of reasons, not have a direct path to 

deployment and may ultimately be shelved. While a technology development may be 

very appealing to researchers, it may not match the user needs, or it may be too 

expensive or impractical to implement in the field. Re-design of the technology from 

the research may be required to meet the needs of later development stages, 

increasing costs and delaying deployment of the intended technology application.   

The stages of development are shown in Figure 1-1.  Applied Research and Advanced 

Technology Development are managed by the DoD laboratories and provide the 

opportunity for better results for the transition of technology. The processes used in 

these two stages of development leading to the transition of technology into a 

producible product are the focus of this research.  
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Figure 1-1: R&D Development Categories  

(After Spriggs 2003, 5) 

 

 

 

1.1 The Research Problem 

The DoD has developed numerous guidebooks and programs to educate and guide 

the DoD workforce of S&T researchers, scientists, and acquisition program 

managers. A S&T Program manager’s course is taught at Defense Acquisition 

University (DAU) and the Air Force Institute of Technology (AFIT) offers a course 

in the application of systems engineering in S&T projects. 

 

While each of the military services and other DoD components may adopt DoD 

guidance, management of the R&D phases of development does not fall under the 

DoD 5000 series acquisition guidance. Each DoD organization has developed its own 

management methods. Information on the working level application of best practices 

using systems engineering tools, methods, and processes in R&D management is not 

generally available.  
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1.2 Previous Studies 

This research will expand the existing limited body of knowledge with 

identification of the perceived value of tools and techniques that are currently being 

used within the DoD and DoD contractor community. It examines which have been 

found most useful and which have not. No other such study has been found in the 

literature.  

 

1.3 Purpose of the Research 

The purpose of this research is to gain a greater understanding of the use and 

perceived benefit of system engineering concepts as applied to research and 

development projects within DoD and DoD-contractor organizations. The research 

will contribute to the understanding of the use of these management methods to 

increase the probability of success in transitioning from stages of development 

managed by the laboratory to subsequent developmental stages for manufacturing and 

deployment. 

 

1.4 Significance of the Research 

The significance of this research is to provide a view of the current application of 

systems engineering practices to R&D projects to the managers of research and 

development projects and to systems engineers. Because of the high cost and 

importance of DoD R&D projects, means to improve efficiency and management 

effectiveness are of interest within the DoD acquisition community. The data will 
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provide to R&D managers, policy makers, and educators with increased 

understanding of the current scope of application of system engineering methods and 

tools to R&D projects, the relative value of each, and provide a basis for future trend 

analysis.  

 

This research was accomplished with the cooperation of the Defense Acquisition 

University (DAU), Fort Belvoir, VA, to provide feedback on the application of 

systems engineering processes to Science and Technology (S&T) project 

management instructors and students. The results of the research are provided as 

input to the body of knowledge being compiled by the Director, Defense Research 

and Engineering (DDR&E), the DoD Affordability Council, the UDS (AT&L) 

Director for Defense Procurement and Acquisition Policy, and the members of the 

Science and Technology Management (STM) acquisition workforce. 

 

The results of this research will potentially be documented in the S&T 

Community of Practice in the Acquisition Community Connection, DAU Advanced 

Science & Technology Management course and updates to the OSD S&T 

management guides, as a means to accelerate the use of best practices in pre-

acquisition advanced technology development. 

 

1.5 Assumptions and Limitations 

The proposed research was conducted within a selected group of research and 

development managers among DoD and DoD contractor organizations. While the 
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processes described are applicable to both commercial and DoD R&D projects, the 

focus of the research is for DoD projects.  

 

1.6 Organization of the Dissertation 

This dissertation is divided into six chapters. The first chapter has been an 

introduction to the DoD emphasis on Systems Engineering in R&D and acquisition. 

Chapter 2 examines the development of methods to assist DoD R&D and 

acquisitions. Chapter 3 reviews methods, processes, and tools that may be applicable 

to 6.2 R&D projects, Applied Research and 6.3 R&D projects, Advanced Technology 

Development. Chapter 4 provides a review of the research method. Chapter 5 

examines the data collected in the research. Chapter 6 provides conclusions and 

potential future research.   
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.  

CHAPTER 2 – LITERATURE REVIEW 

 

2.0 Introduction  

In this chapter the application of systems engineering to Science and Technology 

Research and Development projects is presented and examples of DoD initiatives to 

improve S&T project management and improve technology transition are reviewed.  

 

2.1 Background  

Systems engineering is defined by INCOSE as:  

An interdisciplinary approach and means to enable the realization of 

successful systems. It focuses on defining customer needs and required 

functionality early in the development cycle, documenting requirements, 

then proceeding with design synthesis and system validation… (INCOSE 

2004) 

 

Systems engineering concepts have been applied to the development of hardware 

and software systems for many years in DoD acquisitions, and are required and 

expected to be used in this context. The topic of this research is to examine the 

principles of systems engineering as applied to S&T R&D projects in the early stages 

of development to improve the probability of success of use of a new technology.  

 

Another major concern of the DoD is the continually increasing cost of 

development of defense systems. Existing systems have high maintenance cost 

because of increasing age and program overruns take funding from new development 

to maintain existing capabilities.   
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A key element of the definition of systems engineering is that it is applied early in 

the development cycle, including collection of requirements. While systems 

engineering processes generally include the entire life cycle of a program or project, 

the focus of this research is on the early stages. The DoD has long been aware that the 

life cycle costs are determined in the early stages of development. A DoD 

presentation by Schaeffer in 2004 showed that typically 90% of life cycle costs are 

determined by the transition from development to production, while at this point only 

10% of the life cycle costs have been spent. Better decisions on architecture, 

performance characteristics, and other factors that are informed decisions made in a 

structured manner of process should lead to reduced overall life cycle costs, if the 

decisions are made early in the project. (Shaffer 2004, 7) 

 

2.2 DoD Development Phases 

Science and technology developments typically start in a commercial, government 

or university research laboratory. In the DoD, a structured basic research program 

supports areas of technology identified as having strategic value to the national 

defense. Basic research is managed by the DoD Research and Engineering office 

(DDR&E) in the Office of the Secretary of Defense, and performed in laboratories of 

the military services and several other DoD organizations. Basic research that is 

found to be particularly useful, or having an urgent requirement, may be placed in a 

high priority, but generally basic research programs are long term, developing a 

concept over a period of years.  Feedback to potential users reinforces the research 
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direction and may lead to new research. Any research program, in particular basic 

research, has a relatively high degree of uncertainty in performance, schedule, and 

budget, and is not the type of program generally associated with the systems 

engineering process.  

 

Science and Technology categories 6.1 through 6.3 stages of development are 

managed by laboratories prior to transition to stages 6.4 through 6.7, which represent 

manufacturing and deployment stages managed by program offices. Stage 6.4, 

engineering manufacturing development, provides for Program Definition and Risk 

Reduction. Stage 6.5 represents engineering and manufacturing development, while 

stage 6.6 represents operational system development management support, and 6.7 

operational systems development. (Fossum 2000, 615) 

 

 

The concept of the serial stages of development shown in Figure 2.1 was 

developed in the 1940s and remains in wide use today to describe in general terms the 

stage of maturity of a technology or the categories of R&D projects. The progression 

is not always a sequential path but the concept is useful in describing a stage or a 

category of development of technologies broadly related to their maturity, or stage of 

development. If an emerging technology appears useful, and the connection is made 

to a customer and application to implement the technology, the R&D becomes useful. 

The preparation for the transition between stages 6.3 and 6.4 in Figure 2-1, the 

transition from technology management and development in the laboratory into the 

following stages that progress to deployment, is of great interest to the DoD.   
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Figure 2-1: DoD Development Stages  (After Spriggs 2003, 5) 

 

 

2.3 Technology Transition of S&T from Laboratory to Implementation 

Technology transition… is the process of inserting critical technology into 

military systems to provide an effective weapons and support system in 

the quantity and quality needed by the warfighter to carry out assigned 

missions. (Department of Defense 2001, 4)
1
 

 

The objective of directed research is to find and implement technology to solve a 

problem or provide a new capability. The technology may be from government or 

government contractors, or may be from commercial sources. In addition, the DoD 

needs new technology implemented at increasingly faster rates to maintain capability 

advantage over adversaries and to manage life cycle costs. In stages 6.2 and 6.3 the 

technology is maturing and a structured approach to managing the technology may be 

more practical.  Systems engineering processes may then apply to guide the 
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development during these stages and improve the transition to stage 6.4 and 

subsequent stages for further development leading to deployment.  

 

Between categories 6.3 and 6.4 in Figure 2-1 is the area where technology 

transitioning from laboratory research is historically at the highest risk of failing to be 

implemented. Several reasons have been suggested for the problem of technology 

transition at this stage. Some of these reasons, quoted below from Spriggs, include: 

(Spriggs 2003, 5) 

1) Perception that S&T’s job is completed at technology development phase; 

2) Implementation is the customer’s problem; 

3) The role of S&T is ‘technology push’, create technology and customers will 

follow; 

4) Development cycle is too long for most customers; 

5) Lab focus is on technology, not on business case or implementation 

 

Zittel, at the Defense Acquisition University, adds additional reasons quoted from 

the DAU S&T Manager’s course: (Zittel 2007, 454) 

1) Inadequate funding; 

2) No clear customer for the technology; 

3) No clear requirement; 

4) Not invented here; 

5) No transition plan; 

6) Immature technology; 

7) Poor communications; 

8) No buy-in from prime contractor. 

 

Additional reasons for technology transition problems may be found from 

hardware and software perspectives for a wide variety of technologies. The problem 

to be solved is how to minimize the risk during the technology transition. 
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Several approaches have been documented in the DoD literature to guide the 

transition with guidebooks, and an increasing body of knowledge. A number of these 

general processes will be described.  

 

2.3.1 Integrated Product and Process Development (IPPD) 

 

The DoD definition of Integrated Product and Process Development (IPPD) is:  

 

 

A management process that integrates all activities from product 

conception through producing and supporting the product in the field…to 

meet both cost and performance objectives. (Department of Defense 2005, 

2-16)
2
  

 

 

IPPD was implemented throughout the DoD, as directed by Secretary of Defense 

William Perry in 1995, with a change to the customer-focused acquisition methods of 

commercial industry, and by integrating field input to improve performance and 

reduce costs. (Department of Defense 1996, 1-1) 

 

As discussed above in section 2.1, systems engineering involves requirements 

collection and decisions made in the early design stages when the cost of change is 

lowest. IPPD also is applied early for effectiveness as described by the DoD IPPD 

handbook: 

IPPD’s greatest potential for leverage during the acquisition process… 

occurs in the early stages of development, when the program is most 

flexible. It is at this early stage that an analysis of life-cycle issues and 

cost/performance tradeoff studies can provide a life-cycle balanced 

approach and prevent costly changes later in the product’s life cycle. 

(Department of Defense 1998, 1) 

                                                           
2
 Manager's Guide to Technology Transition in an Evolutionary Acquisition Environment 
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Brink et al described managing S&T R&D projects in the early development 

stages with a IPPD process modified for S&T, initially developed for application to 

pilot programs in the USAF. Systems Engineering processes are used to characterize 

requirements and determine tradeoffs in the IPPD process, emphasizing the need for 

optimizing decisions in the R&D phase where the largest cost benefit is available 

(Brink, Peisert, and Ventresca 1999, 1-9).   

 

 

2.3.2 Integrated Product Team (IPT) 

The IPPD utilizes Integrated Product Teams (IPTs) to perform the tasks within the 

processes. IPTs are teams assembled for various purposes, such as defining 

requirements. IPTs are formed with appropriate members for various stages of the 

development, and an IPT may be formed to manage a group of IPTs.  The DoD 

handbook “Rules of the Road: A Guide for Leading Successful Integrated Product 

Teams” describes best practices for building and managing teams. IPTs will be 

discussed further in section 3.2.18. (Department of Defense 1999, 32) (Department of 

Defense 1996, 1-3) 

 

2.3.3 Affordability 

The DoD introduced the concept of Affordability to reduce the life cycle cost of 

acquisition programs.  Mr. John Todaro, director of technology transfer for DoD 

Director of Research and Engineering (DDR&E), described affordability as a 
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“process for cost reduction” that incorporates Integrated Product and Process 

Development (IPPD), Integrated Product Teams, and a number of systems 

engineering processes.  A 1998 task force initiated by the Director of Defense 

Research and Engineering (DDR&E) additionally recommended program metrics and 

improved management of technology insertion. (Todaro 1998, 2)  

 

The Air Force Research Laboratory (AFRL) piloted several programs in the late 

1990’s and began training AFRL engineers and project managers on methods to 

achieve the goal of affordability, providing the best combination of performance, 

schedule, and cost. The success of these programs resulted in mandatory application 

of systems engineering across the AFRL S&T programs at all levels, except 6.1 basic 

research. (AFRL 2008) 

 

Brink and Piesart, developing S&T processes for AFRL, defined Affordability as: 

“best value with respect to performance, producibility, life-cycle cost, and the risks 

associated with each of those areas” and describe affordability with the five factors of 

performance, cost, schedule, risk, and capability. (Brink, Peisert, and Ventresca 1999, 

2), (Brink and Peisert 1999, 2)   

 

The Defense Acquisition University defined Affordability as: 

A determination that the Life Cycle Cost (LCC) of an acquisition program 

is in consonance with the long-range investment and force structure plans 

of the DoD or individual DoD Components. (DAU 2003, B-6)  
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Yet another view of Affordability elements are described by Redman and Stratton 

who point out the wide usage of the term Affordability in DoD regulations and 

contracts and the lack of a consistent definition. They suggest that Affordability 

involves the characteristics that customers of everyday products look for including:  

1) Schedule of when a product can be delivered,  

2) Effectiveness of the product in satisfying the customer’s need,  

3) Availability, that is, if the product will be effective whenever the customer 

needs the capability, and  

4) The life cycle cost compared to the customer’s budget.  

(Redman and Stratton 2001, 4.B.3-1,2)  

 

 

2.3.4 Technology Readiness Level (TRL)  

A means of defining the maturity of technology development to assess the 

appropriate level for technology transition is the use of Technology Readiness Levels, 

TRL. The Technology Readiness Level assessment method was described in 1995 by 

Mankins of NASA. Introduced generally into the DoD in the 2003 Technology 

Readiness Assessment Deskbook, a nine level scale is defined as a means to assess 

the state of a technology for transition to next stage of development. TRL definitions 

have been developed for hardware, software, manufacturing, and other concepts. The 

TRL method is further discussed later in section 3.2.39. (Department of Defense 

2005, B3-B9)
3
 

 

 

 

                                                           
3
 Technology Readiness Assessment (TRA) Deskbook 
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2.3.5 Best Value 

Best Value has been used in the DoD as a broad term to describe the goal for 

effective acquisitions, providing a cost-effective solution while weighing factors such 

as risk, cost, and schedule with the performance required by the customer, as required 

to achieve Affordability. The Air Force Research Laboratory (AFRL) defines Best 

Value as:        

The optimum balance of technology solutions that meet customer 

requirements and the transition risk associated with successful acquisition 

of those technology solutions.”  (AFRL 2008, 2) 

 

 

Zittel, at the Defense Acquisition University, describes the concept of “best 

value” as “balancing of increased performance as well as reduced cost across the 

lifecycle”, adding that Best Value is a key factor within the concept of Affordability 

when considering whether to transition in a new technology. Zittel explains that a 

technology may be optimized in the laboratory but fail to be implemented because it 

does not fit the application, or it may be found to have deficiencies requiring further 

development, producing delays and increased cost. Thus, best value can be applied 

only when the technology is sufficiently mature, evaluated by means such as TRL’s 

to make informed decisions for the overall value of a new technology insertion. 

(Zittel 2003, 1157) (Department of Defense 2005, 4-29)
4
 

 

2.3.6 Capability Maturity Model Integration ® (CMMI
SM

) 

The Capability Maturity Model Integration ® (CMMI
SM

) was developed by the 

Software Engineering Institute at Carnegie Mellon University, sponsored by the DoD 
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and the National Defense Industrial Association (NDIA). Evolving from evaluation 

methods for government contractor software vendors, the first version of CMMI was 

published in 2000 to assist organizations in evaluating and improving the 

effectiveness of internal processes (Ahern, Clouse, and Turner 2008) (Eisner 2000, 

226-230). 

 

The objective of CMMI is to provide a guide or framework for continuous 

improvement of processes, for tasks ranging from small projects to organization-wide 

systems. It provides guidance for processes and methods to evaluate whether and to 

what degree an organization has implemented and is following defined processes.  

The CMMI defines five levels, with five as the highest level of compliance. (Phillips 

2003, 4,10) 

 

2.3.7 Technology Transition Agreements 

A formal agreement for a technology requirement such as a Technology 

Transition Agreement (TTA) or Memorandum of Understanding (MOU) provides a 

record of what is to be developed by the S&T program and the level of maturity 

defined by Technology Readiness Level (TRL), performance characteristics and test 

conditions, and the schedule needed for successful insertion onto a program. (Aquino 

and Miller 2007, 10) 

 

 

 



 18 

2.4 Systems Engineering in R&D Organizations 

Systems Engineering offers a means to manage the R&D portion of a project, 

although generally applied to developmental stages of engineering.  

 

2.4.1 Commercial applications of Systems Engineering in R&D 

The literature offers many examples of processes applied to commercial product 

design, outside the realm of DoD projects. Most, if not all, of the processes described 

in this research originated from commercial methods. Bol discusses the concept of 

systems engineering in the early stages of development; it is used in collecting 

concepts and determining feasibility of a technology, providing structure in risk 

management, and tasks to determine requirements and interfaces.  (Bol 2003) 

 

2.4.2 Jet Propulsion Laboratories (JPL)  

The Jet Propulsion Laboratory in Pasadena, CA, a federally funded R&D center 

under contract to NASA, began a two-year effort in FY 2004 to increase the use of 

systems engineering with the goal of increasing efficiency and reducing risk in 

development activities. In addition to providing classic systems engineering tools and 

processes, the implementation team found other factors of importance: the processes 

and problems of changing an organization with personnel factors necessary to create 

change, consideration of the technical knowledge of multiple domain areas of 

expertise, specific personal skills such as leadership and communication skills, 

combined with the classic elements of systems engineering, creating the 

organizational competency model. (Jansma and Jones 2006, 1-19) 
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2.5 DoD Training for S&T Acquisition Personnel 

The Defense Acquisition University, the training organization of the DoD, 

developed coursework to train personnel who “lead or manage science and 

technology activities” in “universities, industry, and Federal Government 

organizations” in the application of systems engineering processes to S&T 

acquisitions. (Zittel 2007, 8) Similarly, the Air Force Institute of Technology has 

provided a course in the application of systems engineering to S&T projects, with 

over 700 personnel attending since 2002.  

 

2.6 Continuing DoD Emphasis on S&T Process 

The DoD continues to develop and deploy training, guidance, and programs to 

further implement best practices into S&T management to the Federal S&T 

Community. The Air Force IPPD in S&T Management Process and the Army 

Aviation Technology Assessment and Transition Management Process are two 

examples of processes to assist S&T managers in applying structured decision 

making for developing and transitioning new technology. (AFRL 2002, 24-25), 

(Department of Defense 2007, 86)
5
 

 

The DoD funded Systems Engineering Research Center (SERC) began a study in 

2009 to evaluate Systems Engineering Methods, Processes, and Tools (MPTs) and to 

develop Systems Engineering measures of effectiveness for DoD acquisition 
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programs. The study, with Stevens Institute of Technology as the prime contractor, 

will provide “Evaluation of Systems Engineering Methods, Processes, and Tools 

(MPT) on Department of Defense and Intelligence Community Programs.” The 

objective is broadly to examine the application of MPTs to DoD projects, provide 

effectiveness measures for Systems Engineering, and recommend research necessary 

for improvements in MPTs to advance Systems Engineering practice. (Turner 2009)  

 

2.7 Summary  

This chapter has reviewed reasons for DoD interest in applying systems 

engineering methods, processes, and tools to S&T R&D projects as a means to 

improve the transition of technology.  Whether the laboratory R&D output product is 

a rapid response solution for insertion of an essential new capability or a long term 

planned research program, the goal is to minimize the development time required, 

meet performance objectives and control costs to transfer technology effectively 

while meeting the needs of the customers.   

 

Methods of improving technology transfer from the laboratory to later stages of 

development include: 

 Technology Transfer Agreements to validate the commitment of the customer 

and the laboratory. 

 Means to objectively evaluate the maturity of the technology to reduce 

transition risk. 



 21 

 Maximizing communications between user and researcher to guide the 

technology development by inter-disciplinary development teams. 

 A focus on meeting customer requirements in terms of schedule, cost, and 

performance.
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CHAPTER 3 – METHODS AND PROCESSES IN SYSTEMS 

ENGINEERING 
 

 

This chapter examines forty-three engineering processes, methods, tools that were 

identified as applicable to the management of DoD S&T R&D projects. The list 

shown in Table 3-1 presents a variety of methods and processes that have been 

presented in the literature related to the management of DoD and commercial R&D 

development projects, and includes those presented in DoD handbooks and in training 

courses for S&T program personnel. A brief description of each will be provided in 

this chapter.  

 

Table 3-1 Systems Engineering Methods, Processes, and Tools 

 The Architecture Tradeoff Analysis Method (ATAM
SM

) 

 Analytic Hierarchy Process ™ 

 Balanced Scorecard  

 Benchmarking 

 Business Process Reengineering 

 C4ISR/DoDAF Architecture Framework 

 CJCSI 3170.01 – Requirements Generation System 

 Computer Aided Systems Engineering (CASE) Tools 

 Concept Generation Methods (TIPS, TRIZ) 

 Concurrent Engineering 

 Constraint Management (Theory of Constraints) 

 Cost as an Independent Variable 

 Critical Parameter Management (CPM) 

 Design for Six Sigma 

 Design of Experiments 

 Earned Value Management (EVM) 

 Integrated Product and Process Development (IPPD) 

 Integrated Product Teams 

 ISO 9001:2000 (Design, Development) 
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Table 3-1  (cont.) 

 

 

 ISO/IEC 15288 (System Life Cycle Processes) Standard 

 Juran Methodology 

 KJ Analysis/Affinity Diagrams 

 Lean Design 

 Mission Engineering/Mission Analysis 

 Multi Criteria Decision Analysis, Multi Criteria Optimization 

 Popkin Architecture Tools 

 Process Architecting, Architecture Based Software Tools 

 Project Management Tools 

 Proprietary (In-House) Method 

 Pugh Process (Total Design) 

 Quality Functional Deployment 

 Real Options Method (ROM) 

 Risk Management 

 Robust Engineering, Robust Design 

 Schedule as an Independent Variable 

 Simulation and Modeling 

 System Dynamics (Systems Thinking) 

 Taguchi Methods (Quality Engineering) 

 Technology Readiness Assessment/Levels 

 Technology Road Mapping 

 Total Quality Management (TQM) 

 Value Engineering, Value Methodology 

 Voice of the Customer 

 

 

3.1 Research Goals 

The purpose of this research is to obtain information on the current state of 

application and the perceived utility of Systems Engineering to the research and 

development phase of system design within the DoD and DoD-contractor research 

organizations.  The research is to provide feedback to the DoD Acquisition 

Community, to the Defense Acquisition University Advanced S&T Management 

curriculum, and to DoD S&T management guides. Results of the research may be 
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useful to managers implementing or considering implementing the systems 

engineering approach to early-stage R&D projects. Are systems engineering tools, 

methods, and processes being applied to the formative stages of DoD S&T R&D 

projects; and do DoD R&D program managers, scientists, and engineers find systems  

engineering methods beneficial to the management of R&D projects? The rating of 

the perceived value of these items to the management of DoD R&D projects by 

survey respondents and interrelations of the responses with other information 

collected in the questionnaire will be examined as part of the data analysis in 

following chapters. 

 

 

3.2 Processes for Management of Research and Technology R&D 

Projects 

 
The items selected for inclusion in the questionnaire were selected from the 

literature to include evaluation methods, architecture frameworks, requirements 

generation, concept generation, and project management and control methods that 

may apply in this research context. Some of the processes, methods, and tools 

described in this section are interrelated and overlap in purpose and included 

processes. For example, Design of Experiments (section 3.2.15) is utilized both in the 

Taguchi Method (section 3.2.38) and Design of Six Sigma (section 3.2.14); however 

Design of Experiments is also a method that may be used independently or combined 

with other methods. The items chosen for the questionnaire were, as much as 

possible, intended to be those expected to be found in use based on the literature 

search. 
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3.2.1 The Architecture Tradeoff Analysis Method (ATAM
SM

) 

The Architecture Tradeoff Analysis Method (ATAM
SM

) is a structured method 

developed by the Software Engineering Institute (SEI) at Carnegie Mellon to evaluate 

alternatives and tradeoffs in candidate software architectures and approaches. The 

method may be applied early in the design process where the cost of change is lowest. 

While the method’s original focus is software, it may be applied to a variety of 

system architectures.  

 

The ATAM method not only provides for analysis of specific attributes to 

compare the quality of candidate architectures, but also examines the interaction of 

the various quality attributes. For example, flexibility or modifiability may impact 

other factors, and any of these factors may impact system performance. ATAM 

includes means to examine tradeoffs to identify the risks in alternative candidate 

architectures. The ATAM process is similar to spiral design in providing better 

understanding of requirements and providing risk reduction with iterations, but no 

implementation is involved. (Kazman et al 1998, 1-1) 

 

3.2.2 Analytic Hierarchy Process 
TM

 

The Analytic Hierarchy Process (AHP 
TM

) was developed by Thomas Saaty, 

combining several decision making methods into a structured approach. It is a design 

support tool that provides a process for multi-criteria decision making. Expert Choice, 

a software tool for AHP 
TM

 developed for the Personal Computer, gained worldwide 
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popularity.  Saaty and Dr. Ernest Forman of GWU School of Management co-

founded Expert Choice. (Forman and Selly 2001) 

 

Forman and Gass describe the three basic functions of AHP, quoted as:  

1) structuring complexity,  

2) measuring on a ratio scale, and  

3) synthesizing. (Forman and Gass 2001, 469) 

 

 

Structuring complexity is accomplished by creating a hierarchy of decision factors 

in a manner similar to organizational structures. Saaty implemented ratio scales to 

provide measures of objective as well as subjective data. AHP then provides a means 

to synthesize the analytical data into a decision by numerical values creating a 

repeatable, documented decision methodology. (Forman and Gass 2001, 469-486) 

 

AHP 
TM 

has been applied to a wide variety of problems. For example, 

Braunschweig described an application of AHP to prioritization of research and 

development alternatives for international agriculture. (Braunschweig and Becker 

2004, 77)  

 

3.2.3 Balanced Scorecard 

Kaplan and Norton developed concepts for the Balanced Scorecard as a strategic 

management method. Performance metrics are developed based on the organization’s 

strategic plan that facilitates balance by viewing multiple objectives. (Kaplan and 

Norton 1996) The four primary views in a balanced scorecard given by Kaplan and 

Norton are:  
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1) Financial view, maintaining management of financial information 

2) Customer viewpoint, measurements and goals to maintain positive customer 

perception 

3) Learning and growth for employees and organizational improvement 

4) Internal Business Process, developing measures to assess improvement 

 

As an example of adaptation of the balanced scorecard objective views to the 

DoD to address performance measurement under the President’s Management 

Agenda (2001), the DoD developed measures, defined in Management Decision 

Directive 901, that align the Balanced Scorecard  to a DoD risk management 

framework. The tailored Kaplan and Norton framework is quoted below in the four 

elements from Directive 901, Management Initiative Decision 901 Establishing 

Performance Outcomes and Tracking Performance Results for the Department of 

Defense, and the Army Business Transformation Knowledge Center website. 

(Department of Defense 2002, 4-5) 

1) Institutional Risk, how efficient are DoD financial, acquisition, and 

management processes? 

2) Operational Risk, how can one ensure that DoD personnel are ready to 

accomplish their missions and support their customers? 

3) Future Challenges Risk, how effectively are future threats being addressed? 

4) Force Management, is the DoD providing a ready and trained force? 

 

Another modified form of Balanced Scorecard is described for evaluation of S&T 

R&D projects in the Air Force Research Laboratory Integrated Product and Process 

Development for S&T guide. A “Value Scorecard” is created to summarize trade 

space factors. The objective is to provide a balance between desired features and the 

risk between multiple requirements such as cost, performance, and schedule, all 

linked to the customer’s requirements. (AFRL 2002, 24) 
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3.2.4 Benchmarking 

Benchmarking is a tool for improving organizational performance by comparing 

key measures of an organization against the best industry practices or best 

competitors. Benchmarking may be applied in R&D organizations when processes 

are held to measurable criteria and progress is tracked against the benchmarks. 

 

Bogan and English describe three types of benchmarking: Process benchmarking, 

with a focus on internal procedures, for example to improve productivity or lower 

costs; Performance benchmarking, with comparisons to similar organizations; and 

Strategic Benchmarking, comparing successful organizations to understand what 

factors produce quality organizations in the eye of customers. (Bogan and English 

1994, 7-8) 

 

The Department of the Navy developed a comprehensive benchmarking guide 

with tailored objectives defined by the project, but the focus of benchmarking is the 

same, to examine processes and methods both internally and externally to search for 

best practices.  (Kraft 1997, 97) 

 

In an R&D organization, the research itself may be difficult to benchmark, but 

factors such as internal cost controls and processes, customer satisfaction, and 

progress against milestones could be evaluated to compare the organization’s 

efficiency.  
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3.2.5 Business Process Reengineering 

The term Business Process Reengineering (BPR) may be credited to Michael 

Hammer and James Champy. Their 1993 book “Reengineering the Corporation” 

presented the concept of examining all processes and mission of a business then 

creating new, improved processes, often with significant changes to renew the 

organization’s focus and efficiency, rather than incremental changes. (Hammer and 

Champy 2001, 35-38) 

 

DoD R&D organizations may have implemented BPR in previous years to satisfy 

the Clinger-Cohen Act of 1996, making the Chief Information Officer of the 

government organization responsible for examining business processes to ensure 

efficient operation.  Many documents have been created to assist in compliance, such 

as the General Accounting Office (GAO) BPR Assessment Guide. (Brock 1997, 10) 

 

3.2.6 C4ISR/DoDAF Architecture Framework 

The Command, Control, Communications, Computers, Intelligence, Surveillance 

and Reconnaissance (C4ISR) Version 1 Architectural Framework was released in 

1996 and in 1998 was required by the DoD for all contracted architectures. The 

framework was developed to comply with the Clinger-Cohen Act of 1996 to 

document the enterprise architecture of government agencies. The C4ISR framework 

was developed to: 
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 Ensure that the architectures developed by the geographic and 

functional unified commands, military services, and defense agencies are 

interrelatable between and among the organizations’ operational, systems, 

and technical architecture views, and are comparable and integratable 

across joint and multi-national organizational boundaries. (Department of 

Defense 1997, i)   

 

The DoD Architectural Framework (DoDAF) was released in December 2003, 

replacing the C4ISR Architecture Framework to broaden the application of the 

framework and provide a common approach for DoD architecture documentation. 

The DoDAF consists of three volumes with formats for presenting the architecture in 

26 views, capturing the complete system and architecture lifecycle from the 

requirements phase through implementation. (Department of Defense 2007, ES-1)   

 

3.2.7 CJCSI 3170.01 – Requirements Generation System 

The Chairman of the Joint Chiefs of Staff Joint Capabilities Integration (CJCSI) 

and Development System Instruction 3170.01 series established a set of procedures 

for system requirements generation for defining requirements in a top-down manner 

and phase-in of new capabilities and technologies. The process includes defining 

architectures and functional analyses for defining capabilities with guidance from 

commanders on needs. The process provides guidance for defining shortfalls and 

capability needs, and for delivery of a capability with incremental upgrades to meet 

new field requirements.  (Schields 2003) 
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CJCSI 3170.01 series provides DoD agencies that generate system requirements a 

standardized framework to address interoperability and phase-in methodology of new 

technologies. This includes systems engineering processes of defining architectures 

and functional analyses. The framework includes the Initial Capabilities Document, to 

identify and define need, the application to operations, and the timeframe being 

considered, the Capability Development Document defining what is necessary for an 

affordable and supportable incremental delivery, and a Capability Production 

Document describing operational performance needs and testing to achieve an 

effective deliverable.  (Joint Chiefs of Staff Requirements Office J-8 2003, 22-23, 24)  

 

3.2.8 Computer Aided Systems Engineering (CASE) Tools 

A wide variety of Computer Aided System Engineering (CASE) tools are 

available to assist in the gamut of systems engineering tasks and activities. 

Application examples are products such as CORE by Vitech Corp. and 

DOORS/Analyst for requirements collection and visualization. 

 

3.2.9 Concept Generation Methods (TIPS, TRIZ) 

The Russian acronym for the phrase ‘Theory of Inventive Problem Solving’ 

(TIPS) is TRIZ. Genrich Altshuller developed the process beginning in 1946 in 

Russia. (Yang 2008, 20) Altshuller’s concept is that a process for solving difficult 

problems can be applied by everyone, not just a few creative individuals, by 

application of his 40 Inventive Principles which he derived from the study of a large 

number of patents. The premise of TRIZ is that certain fundamental principles exist 
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that can explain invention and creative thinking, and, by identifying and teaching 

these principles, the inventive process can be improved and learned by many 

individuals.  (Altshuller and Shulyak 1998) (Tate and Domb 1997, 1) 

 

TRIZ is today supported by computer programs to aid in making engineering 

decisions and trade-offs necessary to resolve “contradictions” made apparent by 

application of  Altshuller’s 40 TRIZ principles. The result of TRIZ analysis is to 

provide a practical solution meeting the customer requirements. Several organizations 

provide training, consulting, and books on TRIZ concepts and applications. 

 

3.2.10 Concurrent Engineering 

Concurrent Engineering (CE) definitions generally include the concept of 

multiple disciplines working together with stakeholders both in the early stages and 

throughout the development and product lifecycle, to reduce development time and 

cost, and to improve the quality of the deliverable product for the user. Two CE 

organizations are the Society of Concurrent Product Development and the 

International Institute of Concurrent Engineering. 

 

Concurrent Engineering (CE) has been compared to Systems Engineering (SE) 

with varying opinion of the extent that CE and SE are similar or dissimilar in concept, 

methods, and implementation. Gardiner viewed CE and SE possibly complementary 

in that both have similar goals in improving productivity, while SE is applied more to 

large systems engineering in contrast to a product team approach in CE. (Gardiner 
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1995, 611-614) Eisner describes CE as a contributing element to SE rather than an 

equivalent method, similar more to SE development with Integrated Product Teams, 

with specialists contributing to all phases of the system life-cycle. (Eisner 2002, 208) 

 

Del Rosario investigated the use of CE and Collaborative Product Development 

(CPD) as applied to government R&D activities at the NASA Glenn Research Center. 

CE benefits found were reduction of cost and development time by reduced re-work 

and more efficient testing of experimental hardware. Barriers to CE implementation 

found by the study included the change of culture of a governmental R&D 

organization, project compartmentation, and a resistance to defined research 

schedules to deliver the expected performance. (Del Rosario, Davis, and Keys 2003, 

242-246).   

 

3.2.11 Constraint Management (Theory of Constraints) 

The success of project management or systems problems in an organization may 

be limited or determined by policies, or the way individuals approach problems. The 

system is then limited by at least one of these issues, or constraints.  By identifying 

the most important of these factors, then managing the constraint(s) by making the 

appropriate correction, the path needed to optimize the system operation is apparent. 

The process of Constraint Management, or Theory of Constraints (TOC), developed 

by Eliyahu Goldratt, provides a methodology to create a focus on the important 

parameters to improve any system or organization. The method leads the investigator 
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to develop answers to the questions developed by Goldratt: “what to change, to what 

to change, and how to cause the change.” (Goldratt and Cox 1986) 

 

 

3.2.12 Cost as an Independent Variable 

System acquisition is based on factors of cost, schedule, and performance. Cost as 

an Independent Variable (CAIV) places performance and schedule as a function of 

the budget available.  CAIV may be applied as a means to make the acquisition 

affordable, generally in the context of best value, by holding cost to a fixed limit 

while making performance and schedule variables within the desired system 

characteristics. CAIV was initiated by the DoD in 1996 to manage system  life cycle 

costs by balancing risks of performance and schedule to cost goals within four areas 

as described by Rush: “R&D, Test and Evaluation (RDT&E), production, acquisition 

and support, and disposal”.  (Rush 1997, 168) 

 

Eisner describes CAIV as part of a strategy for developing cost-effective systems 

by analysis of overall life-cycle cost beginning with R&D. (Eisner 2008, 7) CAIV is 

applied to the entire project plan beginning in the R&D stage, where much of the life-

cycle cost is determined, to set cost objectives that can be used to guide tradeoffs 

during the development that drive the overall project life-cycle costs.  
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3.2.13 Critical Parameter Management (CPM) 

Critical Parameter Management is a process to develop and control 

characteristics, determined to be essential to a program or project to meet customer 

requirements. Typical characteristics may include cost, key performance factors, or 

other criteria that must be observed and controlled to ensure project success. CPM is 

intended to provide structure to identify and manage critical design parameters, 

defined by the customer’s needs and technical requirements, and to control variation 

in these parameters to optimize the overall design for the customer. Typically the 

parameters are maintained in documentation databases throughout the total life cycle 

of the product from R&D through manufacturing.  (Creveling, Antis, and Slutsky 

2003, 257-261), (Tam 2004, 7) 

 

3.2.14 Design for Six Sigma 

The goal of the Six Sigma process for manufacturing is extremely low 

manufacturing errors, 3.4 defects per million. The concept of Six Sigma is applied to 

the management of R&D by defining and measuring processes for continued 

improvement such as improved customer satisfaction with R&D output, shorter time 

to delivery, and reduced costs. (Johnson and Swisher 2003, 12) 

 

Design for Six Sigma (DFSS) is a system engineering method to guide the design 

and development stages of a product or system to achieve a high confidence that the 

customer’s objectives will be met by defining and measuring processes for continued 

improvement. (Zittel 2007) (Mackertich and Cleotelis 2006, 1) DFSS includes a suite 
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of tools and quantitative processes to improve R&D performance by analysis and 

understanding of the customer’s requirements and management of the attributes of 

highest importance. Methods of DFSS include Quality Functional Deployment (QFD) 

to analyze customer requirements and Critical Parameter Management (CPM) to 

manage the most important parameters.  (Creveling, Antis, and Slutsky 2003) 

(Breyfogle, Cupello, and Meadows 2001) 

 

DFSS applied to commercial research was reduced at 3M Corp. with a 

management change in 2007.  Dodge points out that while some attributes of DFSS 

were retained, long-time researchers resisted believing the discovery process was 

inhibited, indicating a need for balance between research freedom and process. 

(Dodge 2007) 

 

3.2.15 Design of Experiments 

Design of Experiments (DOE) is part of the methodology of the Six Sigma and 

Design for Six Sigma (DFSS) processes. Montgomery defines a designed experiment 

as:  

      A test or series of tests in which purposeful changes are made to the input 

variables of the process so that we may observe corresponding changes in 

the output response. (Montgomery 2001, 572)  

 

The methodology allows determination of the most important factors among 

many variables in a multivariable environment to determine the optimum operating or 

design point. DOE may also be used to determine the sensitivity of technical 

parameters to variations in production component tolerances. Design of Experiments 
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is utilized to obtain optimization information while reducing the number of tests to 

the minimum necessary, thereby reducing cost and time required for the optimization. 

(Creveling, Antis, and Slutsky 2003, 140, 550)   

 

3.2.16 Earned Value Management (EVM) 

Earned Value Management (EVM) or Earned Value Management System 

(EVMS) is a project management tool that may be applied as a management choice to 

a R&D project of any size for tracking planned work progress against a budget and 

task milestones. Earned value is now widely supported in DoD project management 

as a proven and often a required management tool.  

 

Earned Value Management combines the work tasks, schedule, and cost to 

provide early warning indicators to a project or program manager of a problem in the 

project. As applied to R&D, perhaps only the highest level tasks may be tracked, or 

the budget may be scaled over a projected timeline.  Solomon suggests a means to 

track the progress of requirements through the engineering development process by 

using the Earned Value method by applying a weighted or equal distribution of total 

budget to each requirement. (Solomon 2006, 5-6)  

 

 3.2.17 Integrated Product and Process Development (IPPD) 

The DoD definition of Integrated Product and Process Development (IPPD) is:  

A management technique that integrates all acquisition activities starting 

with requirements definition through production, fielding/deployment and 

operational support in order to optimize the design, manufacturing, 

business and supportability processes.  
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Continuing, the IPPD process is summarized into five principles quoted below 

from the DoD Guide to IPPD: (Department of Defense 1996, 1-3)     

 

 Customer Focus 

 Concurrent Development of Products and Processes 

 Early and continuous life-cycle planning 

 Proactive Identification and management of risk 

 Maximum flexibility for optimization and use of contractor approaches 

 

The IPPD team approach manages the process of developing a product or capability 

with a focus on the customer, beginning with user requirements continuing through 

the complete development cycle to field support. IPPD engages a team that includes 

customers, stakeholders, contractors, and technical experts required at each phase of 

the development process to managing S&T projects to meet customer requirements. 

IPPD, a system engineering process, provides the opportunity to improve decisions in 

the early stage of development where tradeoff of cost, schedule, and performance 

may be made most effectively.  

 

The Air Force Research Laboratory (AFRL) adopted IPPD as a process for S&T 

R&D projects using a tailored approach developed by James Gregory Associates. 

(AFRL 2002, iv, 36), (Brink, Peisert, and Ventresca 1999, p 13) (National Research 

Council 2006, 74)   
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3.2.18 Integrated Product Teams 

The DoD defines an Integrated Product team (IPT) as “a multidisciplinary group 

of people who are collectively responsible for delivering a defined product or 

process”. (Department of Defense 1999, 2) 

 

The IPT brings together the customer, stakeholders and necessary functional 

experts to design the product. A typical project team combines the necessary experts 

from each area, develops metrics for measuring the process, and manages the project 

for cost, schedule, and performance. The DoD IPT Guide defines four types of teams 

that may be utilized as the project progresses: (Department of Defense 1999, 32) 

 Overarching IPT (required for overall guidance) 

 Integrating  IPT (to coordinate the Working Level IPTs) 

 Working Level IPT (Performance, Test, etc.) 

 Program Level IPT (Manage program scope and reporting) 

 

Working level IPTs may develop and disband over the multiple phases of a project, 

as appropriate at each the stage of development. Some IPTs may be cross-functional 

at the program level, or at the working level, for example, to focus on a product 

delivery. (Department of Defense 1998, 2), (Department of Defense 1999, 16) An IPT 

in the S&T initial development phase may begin with development of a Concept of 

Operations (CONOPS) with a team that includes end-users, scientists, engineers, and 

technical specialists, with varying makeup of the team as the project proceeds through 

acquisition and support. (AFRL 2002, 9)  
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3.2.19 ISO 9001:2000 (Design, Development) 

The International Standards Organization (ISO) 9000 series of standards were 

developed for application of quality management to any business sector. Of the three 

9000 series standards, ISO 9001:2000 may be used, as quoted from Hoyle, “to assess 

the organization’s ability to meet customer, regulatory, and the organization’s own 

requirements”. (Hoyle 2001, 81) 

 

ISO 9000:2001 is a quality management standard to improve efficiency by 

developing documented processes to consistently deliver a product or service that 

satisfies the customer’s requirements, while complying with organizational and 

external standards. ISO 9001:2000 shares some commonality with CMMI™ in that 

both require documentation of procedures, with constant improvement of procedures 

and processes through feedback and audits. ISO 9001:2000 has been implemented in 

government organizations as an additional certification to CMMI.  (Dallafior 2003, 

15,27)   

 

A Case Study in 2004 examined the application of ISO 9000:2001 at the Navy 

Undersea Range Program (RSDBU). The study found the quality management 

method was effective for RSDBU’s goals of efficiently serving its customers while 

improving performance for R&D activities.  (Appleget, Canto, and Rothstein 2004, 

85)  
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3.2.20 ISO/IEC 15288 (System Life Cycle Processes) Standard 

The ISO/IEC 15288 is a systems engineering system life cycle process standard 

initially published in 2002. It provides a comprehensive framework that applies 

quality management to the system life cycle process of the system or product from 

concept to disposal. It may be applied to hardware or software systems from single 

units to large quantities. ISO/IEC 15288 is similar to ISO 9000:2001 in that it defines 

requirements for a quality management process. ISO/IEC 15288 is a transition from 

previous systems engineering standards such as EIA/ANSI 632 that guide 

developmental stages to a standard that applies to processes from the concept stage to 

the end of life of the product or process. (Roedler 2002, 23) (Arnold and Lawson 

2003, 229) 

 

The standard links the business processes of an organization to technical 

processes. Four groups of processes are defined in the standard:  (ISO/IEC 2008, 84) 

 Agreement Processes 

 Enterprise Processes  

 Project Processes 

 Technical Processes  

 

The International Council on Systems Engineering (INCOSE) based the Version 3 

Systems Engineering Handbook (2006) on ISO/IEC 15288. The IEEE approved the 

Systems and Software Engineering – Life Cycle Processes component as IEEE STD 

15288-2008.  (INCOSE 2006, 185) (ISO/IEC 2008, 84) 
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3.2.21 Juran Methodology 

The concepts for application of Juran’s principles for product development and 

process improvement are well known and are presented in Juran’s Quality Control 

Handbook. (Gryna and Juran 1988)  

 

Endres describes the application of Juran quality methods to improve the quantity 

and quality of the output of R&D processes. While Endres utilizes financial measures 

to examine the effect of R&D on commercial organizations with financial return, 

methods of monitoring the number and effect of R&D innovations placed into service 

could be applied to DoD R&D. (Endres 1997) 

 

Juran’s principles are applied by defining the quality of the output of R&D 

organizations as meeting the needs of their customers, in the customer’s schedule, 

then, by creating organizational processes to guide the planning and execution of the 

research, the overall productivity of the R&D function may be measurably improved.  

Juran’s methods applied to R&D include reducing waste in existing tasks in the 

course of performing the research, improving the quality of the research output to 

meet customer needs so the R&D products are not discarded.  (Endres 1997, 230-231) 

 

3.2.22 KJ Analysis/Affinity Diagrams 

KJ Analysis, or KJ Method, is named after Jiro Kawakita who developed a 

problem solving method of prioritizing and extracting the most important 

information from large amounts of unstructured, qualitative data, often textual or 
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 interview data such as that collected to determine customer requirements. 

(Silverman and Silverman 1994, 3), (Creveling, Antis, and Slutsky 2003, 349-358) 

 

The process of “Brainstorming” is used to collect initial data from a group of 

individuals in a process sometimes called “cards on the wall”. Participants write 

their answers, opinions, and ideas related to the topic question on cards which are 

then grouped into headings. The method called Affinity Diagrams is then used to 

group and associate the collected concepts and ideas into prioritized lists from which 

conclusions are extracted.  (Balanced Scorecard Inst. 1996, 21), (Stamatis 1997, 137- 

138) 

 

3.2.23 Lean Design 

The term Lean is applied in the literature to many techniques to reduce cost and 

improve efficiency. As an example, Lean as applied to design is a means of 

improving performance and reducing cost by reducing waste in time, rework and 

redesign to improve performance, reduce cost, and increase value to the customer.  

(Bozdogan and others 2000, 7) 

 

Brink and Peisert define lean design as an approach to affordability in DoD 

programs by making effective decisions in the 6.3 R&D stage where overall life cycle 

cost reductions are likely to be achieved. By quantifying requirements for customer 

satisfaction and performance risks, effective trade-offs can be made during the design 
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phase to make products more affordable and producible.  (Brink and Peisert 1998, 4-

5)  

 

Cook and Graser examined Lean Design concepts applied to the engineering of 

military products as part of DoD efforts to reduce acquisition costs in the 1990’s. 

While emphasizing that lean concepts must be applied in the earliest stages of design 

to be effective, they note that the additional engineering costs may be viewed 

negatively if not viewed in the context of future efficiency and cost savings.  (Cook 

and Graser 2001, 31, 34, 35)    

 

3.2.24 Mission Engineering/Mission Analysis 

Mission engineering is described by Eisner as one of the thirty elements of 

systems engineering as the “detailed articulation and analysis of the intended mission 

of the system that is being engineered”. Mission engineering is used to determine 

requirements, examine whether or not the proposed requirement can be met in other 

ways, or is duplicative, and whether the analysis clearly shows a definite need to 

proceed with the proposed development. Mission Analysis is another similar term for 

defining and documenting the intended system mission requirements and the concept 

of operation. (Eisner 2008, 203)     

 

3.2.25 Multi Criteria Decision Analysis, Multi Criteria Optimization 

Research and Development decisions often involve multiple competing factors 

which may be compared by Multi-Criteria Decision Analysis (MCDA) or Multi-
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Criteria Decision Making (MCDM). MCDM is defined by the International MCDM 

Society as: “the study of methods and procedures by which concerns about multiple 

conflicting criteria can be formally incorporated into the management planning 

process”. (Miettinen 2008, 1)  

 

MCDA or MCDM is an Operations Research methodology which may involve 

both Multi-Criteria Optimization and Multi-Attribute Decision Making (MADM). 

MADM is utilized to select from a set of potential solutions a set of most likely 

choices with discrete, predetermined alternatives. Multi-Criteria Optimization is then 

used to characterize the potential solutions so that a decision may be made. (Lewe 

2002, 1)  

 

3.2.26 Popkin Architecture Tools 

The Popkin Enterprise Architecture Framework combines Business, Process, and 

Data modeling into one framework, based on work by John Zachman, formerly of 

IBM. Zachman defined the Enterprise Architecture as: 

The set of descriptive representations (i.e., models) that are relevant for 

describing an Enterprise such that it can be produced to management’s 

requirements (quality) and maintained over the period of its useful life 

(changed).  (Popkin 2000, 12)   

 

The Popkin System Architect ™ software provides a modeling tool to comply 

with the requirements for enterprise architecture documentation for the DoD and 

other organizations. The general framework is divided into three general models. The 

Enterprise model describes the business process, the System model defines the system 
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requirements, and the Technology model completes the technical design, testing, and 

physical model.  (Popkin 2000, 13-16)       

 

3.2.27 Process Architecting, Architecture Based Software Tools 

Process Architecting includes the methodologies presented in concept of an 

architecture based system design by authors Maier and Rechtin, Royce, and others for 

large scale systems (Maier, Rechtin, and Rechtin 2000), (Royce 1998). The 

architecting method follows a series of steps to determine requirements, design, 

document, analyze, synthesize or create the architecture, and finally establish means 

to maintain the architecture, as described by and in the general literature for large 

scale systems.  

 

3.2.28 Project Management Tools  

Project management tools have been applied to all manner of projects. 

Management of R&D projects can also benefit from conventional scheduling and 

resource planning tools to manage development projects. Conventional criteria are 

applied such as work breakdown, estimation of each stage of the task, and manpower 

and resource scheduling and leveling. Software for project management also 

facilitates Earned Value Management, project metrics, resource leveling, and 

collaboration of work schedules. Typical software products are Primavera™ or 

Microsoft Project™. 
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3.2.29 Proprietary (In-House) Method  

Defense contractor organizations have developed methodologies to track and 

manage research and development projects within their organizations, producing 

highly successful and proven methods that are considered proprietary. Often 

acronyms are applied to proprietary processes that are unfamiliar to those outside the 

developing organization.  

 

An example of a proprietary method is the Raytheon™ Integrated Product and 

Process Development System (IPDS) program planning tool. Raytheon, a large 

defense contractor, developed IPDS to help manage all phases of program 

development by assisting definition, tasking of Integrated Product Teams, managing 

CMMI compliance, and report generation. (Warner 2004, 24-25) 

 

3.2.30 Pugh Process (Total Design) 

Pugh defined Total Design as: 

…the systematic activity necessary, from identification of the market or 

user need through selling, to produce competitive product for world 

markets. 

 

And, included in Total Design is the Pugh principle (of):  

…the user need, or voice of the customer is paramount to the success or 

failure of the product. (Pugh, Andrade, and Clausing 1996, 351-352) 

 

The Pugh total design process includes collaboration in a team environment of all 

of the necessary specialists from concept, design, and manufacturing to deliver a final 

product balanced in the required factors such as cost, features, and delivery schedule. 
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As an example to characterize alternative designs, a matrix is created to compare 

factors of a proposed design against a baseline design for a number of criteria. 

Weighting factors or ‘positive’ or ‘negative’ factors are assigned and summed to 

determine which concepts are most important to the design. Don Clausing, who 

helped introduce QFD into the US, pointed out similarities of the Pugh process and 

QFD in that both use: “1) multifunctional team, 2) systematic, convergent decision 

process and 3), a matrix with criteria as rows and decision elements as columns”. 

(Pugh, Andrade, and Clausing 1996, 186,489) 

 

Pugh believed that total design has a place in R&D internally with collaboration 

between design and research so the R&D direction will be timed properly with 

product introductions and not overtaken by alternative technologies. (Pugh, Andrade, 

and Clausing 1996, 482) 

 

3.2.31 Quality Functional Deployment 

Quality Functional Deployment was created as a quality assurance method to 

improve customer satisfaction through improved design analysis rather than 

attempting to correct problems during manufacture. QFD was developed in Japan in 

the 1960’s to link requirements for customer satisfaction to measurable quality factors 

in the development and manufacturing processes. (Mazur 2008, 1) 

 

The organization representing Quality Functional Deployment, the QFD Institute, 

defines QFD as a means to: 
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 Determine and prioritize customer needs 

 Translate the needs into a technical response and specifications 

 Build and deliver a quality product by focusing the organization on 

customer satisfaction. 

 (QFD Institute 2008) 

 

Creveling describes Quality Functional Deployment (QFD) as a structured 

process for decision making with process linking customer requirements to those who 

will be building the system or product. The intent is to improve quality of the output 

by providing planning for the product or system with inputs of customer needs and 

functional requirements. The process flows to subsequent stages to define the product 

by considering risk and design specifications to develop a quality product design.   

(Creveling, Antis, and Slutsky 2003, 14-15)  

 

 

3.2.32 Real Options Method (ROM) 

In financial markets an option is generally a contract that guarantees a buyer or 

seller the right to perform a financial transaction, such as buying or selling stock at a 

given price and within a specified time period. Real options refer to similar 

transactions for an activity such as expanding a business, or managing investment in 

research and development as proposed by Boer and others.  The origin of the real 

options method is developed from work by Black and Sholes in 1973. (Boer 2002), 

(Black and Sholes 1973, 673) 

 

Real Options have been applied to commercial research and development as a 

method to examine the future value of a research initiative. By creating differing 
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plans, or options, each can be assigned a value for the future with documented 

assumptions and statement of the existing, as well as a changing decision 

environment. Applying Real Options to government, and in particular to military 

R&D projects, is less clear because of the general difficulty of quantifying the value 

of a capability, rather than an expected financial outcome as in the commercial 

market. A relationship between commercial real option calculations and defense 

applications developed by Glaros, of the DoD Office of Force Transformation, 

provides an example of evaluation of R&D risk with analysis to provide a decision 

whether to proceed. The framework input values provided by Glaros may be 

contrasted to that by Hawes with application to the International Space Station. 

(Glaros 2003, 5) , (Hawes 2006, 62), (Davis 2003, 22) 

 

3.2.33 Risk Management 

Risk management is applied to projects to minimize the effect of events that may 

cause an undesired outcome by applying a proactive analysis, then determining and 

taking corrective actions to minimize the risk.  The DoD Risk Management Guide 

describes risk as the “inability to achieve overall program objectives within defined 

cost, schedule, and technical constraints.”  The guide further defines three 

components of risk: 

1) A future root cause, which, if eliminated, will prevent a consequence 

2) A probability of that root cause occurring 

3) The consequence or effect of that occurrence 

(Department of Defense 2006, 39) 
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Eisner adds a fourth risk component, administrative risk. Examples of 

administrative risk include loss of personnel, human resource issues, or accounting 

changes that raise costs.   (Eisner 2008, 91)                     

 

Risk analysis must occur early in the project and the risks must each be addressed 

and managed throughout the project. Risk tracking tools may range from a single 

database to a risk analysis information system to facilitate sharing of risk information 

across project teams. Risk Radar Enterprise ™ is an example software product for 

risk management.  

 

3.2.34 Robust Engineering, Robust Design 

The INCOSE glossary defines Robust Design as: “The design of a system such 

that its performance is insensitive to variations during its manufacturing or in its 

operational environment (including maintenance, transportation, and storage), and the 

system continues to perform acceptably throughout its life-cycle despite component 

drift or aging.”  (INCOSE 1998, 207)   

 

Robust Engineering is part of a systems engineering process to achieve robust 

designs. The DoD USAF draft document “Guidance for Use of Robust Engineering in 

Air Force Acquisition Programs” defines Robust Engineering as: 

A disciplined Systems Engineering (SE) process in conjunction with a 

robust product design….to quickly deliver high-quality, low-cost products 

(capabilities) that fully meet the operator’s needs….
 
.  (Bausman 2004, 1)  
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Phadke defines Robust Design as “an engineering methodology for improving 

productivity during research and development so that high quality products can be 

produced quickly and at low cost.”  (Phadke 1989, 1)   

 

Robust engineering and design processes are applied during the early 

development stage to optimize a process or system. (Creveling, Antis, and Slutsky 

2003, 571)    Robust design processes have been advocated to improve products and 

systems by applying quality engineering techniques in the early stages of R&D.   

 

 

3.2.35 Schedule as an Independent Variable 

Schedule as an Independent Variable (SAIV) is similar in concept to Cost as an 

Independent Variable (CAIV), except the schedule is fixed, while cost and 

performance may be adjusted. Boehm et al describe SAIV process major points as:      

(Boehm and Turner 2004, 3-6) 

 Agree with stakeholder on fixed schedule and key features implementable in 

the schedule 

 Prioritizing desired features 

 Architecting for ability to drop or add features as the project progresses 

 Incremental development, dropping non-essential features to meet the 

schedule 

 Monitoring the project plan with change control 

 

An interesting SAIV approach to DoD acquisition cost growth was proposed by 

Chittenden, asserting that incentives are needed to decrease tendency of contractors to 

extend projects to increase profit. By managing to a schedule technology and feature 
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insertion become more controllable coupled with schedule based profit incentives and 

penalties for contractors, Chittenden believes focus is maintained on the deliverable 

core capabilities and overall cost is reduced.  (Chittenden 2006, 104)   

 

3.2.36 Simulation and Modeling 

Modeling and Simulation (M&S) of defense systems technology is essential for 

systems engineering and optimization of products and systems. M&S allows 

exploration and optimization by trials that otherwise would be impossible due to cost 

and time. M&S is applicable at each phase of system or product development 

beginning with basic research through production and deployment.  (Piplani, Mercer, 

and Roop 1994, 3-7)  However, a survey of the use of M&S tools in 21 DoD 

acquisition programs in 1999 noted that: “Programs must invest early in M&S if 

M&S is to make a difference in acquisition”.  (Donley, Duncan, and Hillegas 2001, 

16)   

  

The DoD recognized the importance of M&S in the early 1990’s to improve the 

efficiency of acquisitions by support to S&T development and to improve 

communication between developers and users with simulated environments. M&S 

applies across the complete life cycle of the development. (Department of Defense 

1995, 2-5) To fully integrate M&S issues of collaboration between organizations and 

data formats requires collaboration with a central organization to host M&S 

technology for the DoD.  The DoD Modeling and Simulation Coordination Office 

(M&S CO) was established as the center for activities such as developing standards 
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and methods, guiding validation and verification, and promoting data compatibility 

for model re-use and interoperability.  In addition, each of the DoD military services 

have centers for support of M&S. (Department of Defense 2008, 1) 

 

The Simulation Based Acquisition (SBA) concept was initiated by the DoD with 

the goal of integration of M&S into all phase of acquisition from concept phase 

through production and deployment. (National Research Council 2002, 30), (Johnson 

et al 1998, 4-2)      

 

3.2.37 System Dynamics (Systems Thinking) 

Jay Forrester of MIT introduced the concept of Industrial Dynamics in the 1950’s 

to the understanding of organizations, systems, and processes by examining the 

manner in which the components interact with each other, examining interaction and 

feedback of the components rather than treating them as static, discrete processes.  

(Forrester 1958, 40) By including interactions which include the time delay of actions 

and decisions, a more accurate model is created. System Dynamics is the newer term 

for Industrial Dynamics. Systems Thinking incorporates the concepts of Systems 

Dynamics, adding a diagramming method and the ability to create computer based 

models of the processes to study the dynamic interactions of a system. (Systems 

Dynamics Society 2008, 1) (Legasto, Forrester, and Lyneis 1980, 46-47) 

 

Edward Roberts applied Forrester’s work to the understanding of the long lead 

time and high number of project failures in government R&D projects. The concepts 
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Roberts developed showed the benefit of modeling interactions between various R&D 

functions which communicated in practice, rather than managerially treating them as 

separable, isolated functions. (Roberts 1964)  

 

System Dynamics continues to be utilized for program managing and modeling, 

with software such as I-Think™ and PowerSim ™. 

 

3.2.38 Taguchi Methods (Quality Engineering) 

The INCOSE defines Taguchi Methods as a:  

Generic term covering a variety of methods for statistically determining 

required quantitative features of a design or a manufacturing process that 

render it robust against disturbances, variations, and uncertainties, with the 

objective of reducing quality loss. (INCOSE 1998, 258)   

 

Taguchi Methods are also known as Quality Engineering and are related to 

Robust Design. (Creveling, Antis, and Slutsky 2003, 572, 749) 

 

Dr. Genichi Taguchi developed methods to define and control factors that cause 

any degradation that detract from the mission of the vendor to produce and deliver a 

quality product. The method includes experiments and statistical processes that 

identify variables contributing to variation or degradation from the desired 

performance or characteristics of the product. Identifying these undesirable factors 

and providing a correction for them provides the characteristic of “robustness”, 

creating a producible product with minimal variation in quality, as defined by, and in 

the view of the customer. (Peace 1993, 1-7)  
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Taguchi concepts can be applied to services as well as manufactured products and 

extended to the process of R&D, as suggested by Phadke, in terms of the efficient use 

of time and funding in producing new concepts. (Phadke 1989) 

 

 

3.2.39 Technology Readiness Assessment/Levels 

A technology under development must be evaluated to determine its maturity 

during the R&D process. An understandable reference for the state of development is 

needed for status reporting, as criteria for technology insertion, and to define exit 

criteria for a developing organization. NASA developed a means of defining the 

maturity of a technology, Technology Readiness Levels (TRL), to indicate a level of 

maturity in research and developmental projects on a scale from one to nine. A level 

of one represents observation of basic principles in the laboratory, to a final level of 

nine, indicating that a technology has been proven operationally. TRL assessment is 

applied to hardware and software development and has been adapted for other areas 

such as biomedical research. (Department of Defense 2005, B-4, H-3)
6
 

 

Technology Readiness Levels have been adopted in DoD R&D programs as an 

assessment tool for measurement of maturity of technology projects, with a view that 

before transitioning a technology it should be ‘mature’, which is, tested in an 

environment that confirms that it will function as required. (Department of Defense 

2005, ES-1)
6
 The DoD definition of the TRL was established in DoD 5000.2-R 

                                                           
6
 Technology Readiness Assessment (TRA) Deskbook 
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(2002) which required an assessment of technology maturity for program reporting 

and risk management. (Department of Defense 2002, 214-126)
7
 The DoD Technology 

Readiness Assessment (TRA) Handbook defines the first step as identifying the  

Critical Technology Elements (CTE) of a project, and then gives procedures and 

examples for evaluating them on the TRL scale. (Department of Defense 2005)
6
 

 

3.2.40 Technology Road Mapping 

Technology road mapping (TRM) is a planning methodology. The TRM process 

utilizes a team of experts to identify future or emerging customer needs and to 

generate a plan for R&D investment and development of a new product or capability 

to achieve customer needs.  The TRM process develops and analyzes alternatives for 

the product or system design considering customer requirements and emerging new 

technologies, generally presented in a graphical view of “1) Where are we going?, 

Where are we now?, and 3) How can we get there”. (Phaal, Farrukh, and Probert 

2005, 99-106), (Garcia, Marie L., Bray, Olin H. 1997, 9-14) 

 

A typical output of the team analysis is a set of performance and process 

requirements with milestones for progress and examination of technology 

alternatives.  TRM methodology examines trends in technology for expected 

innovations so that research and development will align with future needs and 

markets.  

 

                                                                                                                                                                             

 
7
 Mandatory Procedures for Major Defense Acquisition Programs (MDAPS) 
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3.2.41 Total Quality Management (TQM) 

Philosophies of quality control leaders such as Demming and Juran led to 

emphasis on quality improvement functions within organizations under the title of 

Total Quality Management (TQM).  Encompassing a variety of concepts for 

“company wide” improvement of processes, TQM was popular in the US 

Government in the late 1980s with publication of DoD implementation guides, and 

evolved into concepts for IPPD in the 1990’s. (Department of Defense 1996, 1-2) 

 

Concepts of TQM include understanding the customer requirements, 

implementing quality processes and methods to meet customer needs efficiently 

(avoiding re-work, inefficiencies) combined with measurement and continuous 

improvement.  

 

A 1992 study of TQM in R&D by Dellana and Weibe describe the terms 

associated with TQM: “continuous improvement, customer focus, empowerment of 

the worker, and supportive business culture”. However, their study described 

difficulty with the loosely coupled management techniques of TQM when combined 

with a team approach, and lack of TQM methods and measurements in an R&D 

environment. 

 

In a study of a large commercial R&D environment, Wood and McCamey 

claimed that a Total Quality program improved performance and led to continual 

improvement in the R&D organization at Procter and Gamble. By applying TQM to 
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manage R&D support systems research, scientists found more time for creative 

discovery. Using of a form of technology transfer agreement and defining 

requirements for success, researcher focus improved reducing rework and the need 

for management oversight. The authors also point out the need for specialized 

training for R&D scientists, R&D management embracing the improvement efforts, 

and measurement criteria for R&D successes. (Wood and McCamey 1993, 39-41) 

 

3.2.42 Value Engineering, Value Methodology 

Value Methodology is a process that may be applied to design of products, 

systems and services, using a team approach, to bring together the necessary experts 

to improve quality and lower costs. Known also by the terms Value Analysis, Value 

Engineering, or Value Management, it is supported US by the Society of American 

Value Engineers. The Defense Authorization Act (1996) mandates value engineering 

to be included in contracts over $1M, requiring analysis “directed at improving 

performance, reliability, quality, safety, and life cycle costs”.  (Younker 2003, 3) 

(Yang 2008, 298) (American Society of Tool and Manufacturing Engineers 1967, 3) 

 

Value Engineering is defined in section 48 of the Federal Acquisition Regulation 

as: 

An organized effort to analyze the functions of systems, equipment, 

facilities, services, and supplies for the purpose of achieving the 

essential functions at the lowest life cycle cost consistent with required 

performance, reliability, quality, and safety. 
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Value Engineering is implemented by submission of Value Engineering Change 

Proposals (VECP) from the contractor to the government. If approved by the 

government, the contract is modified. The contractor’s incentive to find cost 

reduction is sharing of the savings. Cost reductions improve affordability and to 

reduce life cycle and total ownership costs of DoD acquisitions. (IDA 2007, 1) 

 

3.2.43 Voice of the Customer 

Voice of the Customer (VOC) is a structured, pro-active process used to collect 

customer requirements. The Voice of the Customer process is well suited to 

collection of requirements for the research and development stages of product design.   

 

The process is often associated with Total Quality Management to determine what 

is required to satisfy the customer needs, but the process may be generally applied to 

requirements collection. The Voice of the Customer process may include planned 

collection of information by examination of records of previous systems, review of 

specification and requirement documents, interviews with potential users, surveys, 

study groups, or other means to ensure completeness in the statement of input to the 

product development process 

 

A difficulty of the VOC process is determining where and how to collect the 

information, and from what customer(s). Some customers have great insight into 

needs and can articulate them, while others may describe needs from a single 

perspective and unintentionally provide biased information, underscoring the need for 
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careful interpretation. Requirements may come in various forms from different 

individuals of departmental sources, each with a particular perspective on the problem 

to be solved. A structured process is necessary to collect and interpret the information 

and turn it into a clear set of valid requirements. Yang describes such a VOC process 

using QFD as the bridge from requirements derived from customer input and the 

functions implemented in the product.  (Yang 2008, 229) Shillito utilizes the 

“Customer Oriented Product Concepting” matrix, similar to QFD but to address a 

broader scope of product definition by applying a team with appropriate backgrounds 

to process VOC input. (Shillito 2001, 201)  

 

Approaches to collecting the Voice of the Customer are based on determining 

what features are important to the customer, what the customer perceives as added 

value, and means to translate these basic concepts into a product or service that 

satisfies or hopefully exceeds expectations.  

 

 

3.3 Summary 

This chapter has provided a brief description of the system engineering processes, 

methods, and tools included in the survey instrument.  

 



 62 

CHAPTER 4 - RESEARCH METHODOLOGY: DATA 

COLLECTION 
 

 

 
This section describes the data collection methodology, the rationale for the data 

collected, and following data analysis.  

 

4.1 Data Collection Objectives 

 
The objective of data collection is to solicit opinions on the applicability of 

systems engineering methods, tools, and processes and their usefulness and 

importance in managing DoD 6.2 and 6.3 projects. Demographic information is also 

collected so that comparisons of subgroups may be made to other attributes.  The data 

collection period was contiguous over several months, providing a relatively narrow 

point in time of the state of the data collected. 

 

4.2 Data Collection Strategy and Approach 

A survey instrument in the form of a questionnaire was designed to provide a 

structured method for collecting the same, quantifiable information from each 

participant. The questionnaire form is provided in Appendix A. 

 

The descriptive research method, described by Gay and Diehl, is the basis for the 

data collection.  The questionnaire was prepared with the following steps quoted 

below from Gay and Diehl.  (Gay and Diehl 1992, 243-247)                     

1. Statement of the problem, as provided in the research proposal ; 
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2. Sample population selection; 

3. Questionnaire development; 

4. Questionnaire validation; 

5. Development of cover letter; 

6. Test of the questionnaire package. 

 

Data were collected anonymously to protect the respondent’s identity. Without 

attribution the response and comments are hopefully more honest. However, for this 

reason follow up questions or determination of non-response were not possible.  

 

4.2.1 Survey Instrument Design 

The survey instrument questionnaire contains two parts. The first part consists of 

ten questions to obtain demographic information about the respondent to allow 

analysis of the collected data by subgroups.  

 

Part one of the questionnaire requests information on: 

1. Type of employer, government or government contractor;  

2. Job title; 

3. Type of R&D projects; 

4. Years of experience; 

5. Education level; 

6. Amount of systems engineering education; 

7. Opinion on overall value of systems engineering in R&D;  
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8. Organizational CMMI™ rating; 

9. Size of projects managed in dollar value; 

10. Size of organization by number of scientists and engineers. 

 

The second part of the questionnaire asks the respondent to rate a series of 43 

methods and processes and tools for value in the contribution to R&D project success. 

A Likert scale is used to rate each item in value on a scale in five levels from Very 

Valuable to Not Valuable. A selection of Unknown is provided to indicate if the 

respondent is not familiar with the method or process and/or is not familiar with how 

it may affect R&D projects.  

 

The questionnaire form allows for entry to describe other processes or methods 

that the respondent may use in R&D projects that are not listed.  

 

The questionnaire form was initially submitted to a small sample of seven R&D 

managers and individuals familiar with Systems Engineering concepts with five 

usable forms recorded. The objective was to validate the form for utility and 

understanding and to examine the questionnaire and procedure for completeness. The 

questionnaire was modified after this sample testing.  

 

4.2.1.1 Survey Instrument Options 

During the development of the questionnaire the author decided to use an 

alphabetized list rather than groupings in order to gain information on all of the 43 
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Systems Engineering processes, methods, and tools in the list. Categorizing the list 

was considered but at the time of the questionnaire design the author was unable to 

locate a validated and accepted ontology.  

 

 Some categorization of Systems Engineering methods have more recently been 

suggested in the literature. As part of a study on Return on Investment (ROI) in 

Systems Engineering, Honour and Valerdi defined eight Systems Engineering 

categories based on five standards (Honour and Valerdi 2006, 1):  

 ANSI/EIA-632 

 IEEE-1220 

 CMMI™ 

 MIL-STD-499C 

 ISO-15288 

 

Systems Engineering functions of the above standards were then compared for 

contributing sections to each of eight categories defined by Honour and Valerdi as 

listed below (Honour and Valerdi 2006, 6-8): 

 Mission/Purpose Definition 

 Requirements Engineering 

 System Architecting 

 System Implementation 

 Technical Analysis 

 Technical Management/Leadership 



 66 

 Scope Management 

 Verification & Validation 

 

 A Systems Engineering functional taxonomy presented by Sarder and Ferreira 

described Systems Engineering “functions” and “objects”. “Technical functions” 

were defined as “technical management” such as planning and monitoring and 

“technical execution” functions such as mission analysis and architecture. Objects 

were defined as “actors” such as the project team and “product,” for example, 

deliverable documentation. (Sarder and Ferriera, 2007, 4) 

 

 While both of these analyses have contributed to Systems Engineering ontology, 

categorizing the methods in the questionnaire for this research may have introduced a 

bias in the respondent’s scoring of the value of each or a loss of information. The 

final consideration for the questionnaire design was to allow the respondent to 

individually assess each method listed and provide an equal weighting on the form to 

each item. 

 

The text analysis method of Content Analysis may provide an additional means to 

relate the tasks and application of various Systems Engineering processes, methods, 

and tools to provide a comprehensive ontology. A definition of Content Analysis is 

given by Krippendorff:  

 

Content Analysis is a research technique for making replicable and valid 

inferences from texts (or other meaningful matter) to the contexts of their 

use. (Krippendorff 2004, 18) 
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A future research project may apply Concept Analysis to demonstrate traceable, 

validated relationships between concepts of Systems Engineering as in the analysis 

described above by Honour and Valerdi which defined eight task categories in five 

standards. An analogous categorization and correlation of relationships might be 

accomplished with greater definition by mapping Eisner’s Thirty Elements of 

Systems Engineering (Eisner 2002, 191-194) to the various processes, methods, and 

tools that are available.   

 

 

4.2.2 Survey Instrument Distribution 

After approval by the GWU Institutional Review Board, the questionnaire was 

distributed by two means, in paper and via the Internet. A paper questionnaire form 

and cover letter was given directly to individuals at INCOSE and DoD conferences, 

seminars and meetings, and at government and government-contractor organizations 

believed to be involved in DoD 6.2 and 6.3 research.  A pre-addressed, stamped 

envelope was included for return of the completed two-page questionnaire.  

 

The second method of distribution of the questionnaire was via a form on the 

Internet hosted by the Defense Acquisition University (DAU), Ft. Belvoir Virginia. 

The same questionnaire that was distributed on paper was made into a web-based 

form by the research department at DAU. The Uniform Resource Locator (URL) for 

the questionnaire in a cover letter was sent by email from the DAU Systems 
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Engineering Department to former students of the DAU System Technical 

Management STM 302 course. The cover letter included a description of the study 

and a request to complete the web questionnaire.  

  

4.3 Research Population 
 

The Defense Acquisition University has provided coursework for S&T project 

managers in excess of approximately 300 students, and the AFIT trained over 750 

persons from FY02 to the present time. The number of individuals within government 

and contractor organizations involved with DoD S&T R&D is estimated to be much 

larger by perhaps an order of magnitude.  

 

 

 

 

4.4 Responses of Participants 

 
Data collected contained both objective and perceptual information. Information 

collected such as title, years of experience, size of organization, and project type may 

be considered definitive. Information collected on the usefulness of the methods, 

tools, and processes is the perception of the research participants. For these perceptual 

questions the participants will be considered to provide an expert opinion, qualified 

by the answers to the section indicating years of experience, job title, and related 

information.  
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CHAPTER 5 – DATA ANALYSIS AND RESULTS 
 

 
 

This section describes results of the data collection process and the results of the 

data analysis.  

 

5.1 Survey Data Collection  

The survey questionnaire was distributed by two means, in paper and via the 

Internet. A paper questionnaire form and cover letter was given directly to individuals 

at INCOSE and DoD conferences, seminars and meetings, and distributed at 

government and government-contractor organizations believed to be involved in DoD 

6.2 and 6.3 research.  A pre-addressed, stamped envelope was included for return of 

the completed two-page questionnaire along with a fax number.  

 

In preparing for this research, I contacted the Defense Acquisition University 

Systems Engineering department to explore means to contact students of the 

Advanced Science and Technology Systems Management course. As a result, the 

DAU research department offered to host a web survey rather than supply a mailing 

list to the researcher, allowing DAU to contact the former students directly, 

maintaining confidentiality. A cooperative research plan, developed for the joint 

GWU/DAU research project, was submitted to and approved by both the GWU 

Institutional Review Board and the DAU Research Department. Professor Randy 

Zittel of the DAU Systems Engineering Department and Dr. Beryl Harmon, research 
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director of DAU, obtained approvals from DAU and the Defense Manpower Data 

Center to enter into the joint GWU/DAU research project and to make available to 

former DAU students a web version of the cooperative research questionnaire. Mr. 

Bill McGovern of the DAU research department implemented the web version of the 

questionnaire, hosted on DAU web servers. DAU supplied only the results of the 

questionnaire data for the research, and no information on the respondents.  

 

Approximately 350 paper questionnaires were distributed beginning in July 2005 

and continuing through November 2005. Of the questionnaires distributed, 82 were 

returned, validated and entered into the database. Three paper questionnaires were not 

used in the database for the following reasons: 

 

Table 5-1: Deleted Forms 

  Form Number  Reason for Deletion 

36                    No entries page 2 

56   No entries page 2 

80    Many entries not completed 

                              

The second method of distribution of the questionnaire was via a form on the 

Internet hosted by the Defense Acquisition University (DAU), Ft. Belvoir Virginia. 

The identical questionnaire items that were distributed on paper were converted into a 

web-based form by the research department at DAU. The Uniform Resource Locator 

(URL) for the questionnaire was sent by email from the DAU Systems Engineering 
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department to former students of the System Technical Management STM course 

with a cover letter with a brief description of the study and a request to complete the 

web questionnaire. A broadcast e-mail, sent by the DAU Systems Engineering 

Department to approximately 300 previous students of the Science and Technology 

STM 301 and STM 302 course, resulted in 121 respondents. The web data collection 

started in November 2005 and closed in August 2006. 

 

Two other sources of data were pursued during the data collection phase but 

ultimately were not available. A DoD organization has trained a large number of 

scientists and researchers, but ultimately declined to participate in the survey. Second, 

a large aerospace company agreed to participate in the survey system, using a 

separate database on the DAU system. Data were collected which would have 

provided additional samples of government contractor respondents. However, during 

the collection process the aerospace company R&D director reconsidered and decided 

that the data may be proprietary. The results collected from this source were therefore 

not used in the research. The combined collection from the DAU collection and paper 

forms returned produced a quantity adequate for the research.  

 

5.2 Descriptive Statistics Results  

The next section describes the results obtained from the demographics section of 

the questionnaire. 
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5.2.1 Employment 

One of the prime discriminators in the data analysis is the determination whether 

the respondent is employed by the government or is a government contractor. The 

option of ‘other’ was given to determine if the respondent fit neither category. A 

single response of other listed “IT Project Manager”. The overall response shown in 

Figure 5-1 was weighted higher on government employees than anticipated, partly 

due to the withheld government contractor data set. Most of the DAU website 

responses were from government employees while the paper form responses were 

more evenly divided.  Overall, 23% of the responses are from government contractors 

and approximately 77% are from government employees.  
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Figure 5-1: Employer, All Responses 
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5.2.2 Occupation 

The second question asked for the respondent to select the job title that best 

describes his or her work with selections of 1) Research Manager, 2) Research 

Scientist, Engineer, or Staff Scientist 3) Systems Engineer, and 4) Other (please 

specify). Due to a discrepancy between the web and paper form, the DAU web form 

had a selection box for Project Manager that did not appear on the paper form. This 

produced a large response in this category from the DAU data set, weighted to 

government employees, apparent in Figure 5-2. Text responses given for comments to 

this selection were almost all received from the web-based form rather that the paper 

form. The text responses are included in Appendix B.  The division of responses for 

government and government contractor respondents is shown in Figure 5-3. 
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Figure 5-2: Job Title, All Responses 
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Job Title by Employer
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Figure 5-3: Job Title by Employer, Government and Contractor 

 

5.2.3 Project types 

The third question is to determine if the respondent is involved with DoD 

category 6.2 or 6.3 R&D projects, an important part of the data reduction. The overall 

response was 81% yes, and 16% no. Six entries or 2.5% did not respond.  The 

breakout of all responses between government and government contractor groups is 

shown in Figure 5-4.  
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Figure 5-4: R&D Projects in Category 6.2 or 6.3 

 

 

5.2.4 Number of Years of Work Experience 

The fourth question asks the number of years of work experience in an 

engineering or research field. Choices are: 1) Less than 10 years, 2) 11-20 years, 3) 

More than 20 years. The results are shown in Figure 5-5 below.  
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Figure 5-5: Number of Years Experience in Engineering or Research Field 

 

 

5.2.5 Education Level – Highest Degree Earned 

The fifth question asks for the highest degree earned to provide an indication of 

the level of overall education. The question was restricted to two choices; Bachelor’s 

degree or below, and Master’s degree or higher. Figure 5-6 shows the results for 

Highest Degree Earned. Government employees responded with MS degree and 

above at 59% versus 40% with BS degree and below, while government contractors 

responded 82% for MS degree and above and 17% with BS degree and below.   
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Figure 5-6: Highest Degree Earned 

 

5.2.6 Systems Engineering Training 

Question six asks for the estimated amount of formal or informal Systems 

Engineering training the respondent has received, with an estimate of one university 

semester hour credit equal to 15 classroom hours. Four choices were given; 1 to 80 

hours, 81 to 300 hours, More than 300 hours, and None. For all respondents, 

government employees indicated that 61% have more than 81 hours of training 

whereas contractors indicated 80%, as shown in Figure 5-7. Figure 5-8 shows the 

breakdown between government and government contractor responses. 
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Figure 5-7: Amount of Systems Engineering Training 
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Figure 5-8: Amount of Systems Engineering Training by Government/Contractor 
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5.2.7 Overall Systems Engineering Value to 6.2 or 6.3 R&D Projects 

Question seven asks the respondent to rate, in general, the overall value of 

systems engineering methodologies, processes, and/or tools applicable to the 

management of DoD 6.2 or 6.3 R&D projects. The selection of Somewhat Valuable 

was the highest percentage of the total responses at 47% with Very Valuable at 31% 

as shown in Figure 5-10.  
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Figure 5-9: Value of Systems Engineering to R&D projects by Total Responses 
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Figure 5-10: Value of Systems Engineering to R&D Projects by  
Percentage of All Responses 

 

 

 

Comparing between Government and Government Contractor responses, shown 

in Figure 5-11, government contractors rated the value of Systems Engineering to 

R&D as Very Valuable at 43% compared to only 27% of government employees. 

50% of government employees rated the value of Systems Engineering as Somewhat 

Valuable while 36% of government contractors rated the value as Somewhat 

Valuable. The DAU web form had the most non-responses to this question whereas 

almost all paper forms returned a response. 
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Figure 5-11: Value of Systems Engineering to R&D Projects by Government and 
Government Contractor by Percentile 
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Figure 5-12: Value of Systems Engineering to R&D Projects by Government and 
Government Contractor by Number of Responses 
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5.2.8 Rating in the CMMI™ 

Question eight asks if the respondent’s organization is rated within the Capability 

Maturity Model Integration (CMMI™) structure, and, if so, the level of the rating. 

The CMMI™ rating structure is discussed in section 2.3.6. The number of responses 

is shown in Figure 5-13. Most respondents either did not know if their organization 

was rated, or the level if rated. Of the 20% of the total responses reporting a known 

rating in CMMI™ rating, 40% of those were rated at level 3 and 22% were rated level 

5.  
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Figure 5-13: CMMI™ Rating 
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5.2.9 Project Size 

Question nine asks for the approximate dollar value of the largest research project 

in which the respondent participates. Three choices are given, Large (over $100 

million), Medium (between $5 million and $100 million), and small (up to $5 

million).  Of all respondents, large and small projects are 37% and 39 % respectively 

and medium size projects are 24% of the total responses.  
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Figure 5-14: Size of Largest Project 

 

 

5.2.10 Number of Research Scientists and Engineers 

Question ten is to determine the size of the research and engineering staff of the 

respondent’s organization. Choices are small (less than 50), Medium (51 to 299), and 

Large (greater than 300). The number of responses is lowest for the range of 51 to 99 
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research scientists and engineers.  The overall response for organizations with a large 

(> 300) number of research scientists and engineers is 37%, 24% for medium, and 

39% for small number (less than 50).  
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Figure 5-15: Number of Research Scientists and Engineers 

 

 

5.2.11 Systems Engineering Value to R&D by Demographics 

This section again examines question 7 as described above in section 5.2.7 in 

which the results were examined for all respondents. In this section the effect of 

demographics questions are examined in relationship only to those answering “Yes” 

to question 3: “Do your R&D projects include DoD category 6.2 or 6.3”.  
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5.2.11.1 Value of Systems Engineering to R&D Projects by Job Title 

The distribution of responses shown in Figure 5-16 is clustered in Somewhat 

Valuable and to a lesser amount in Very Valuable for at least 70% of all respondents 

in all job titles. A notable increase is 45% of the Systems Engineers selecting Very 

Valuable with no responses in the Not Valuable category.    
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Figure 5-16: Value of Systems Engineering to R&D by Job Title 
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5.2.11.2 Value of Systems Engineering to R&D Projects by Years of 

Experience 

 

The distribution of responses by years of experience in Engineering or Research, 

shown in Figure 5-17, shows most responses of Somewhat Valuable. Selection of 

Very Valuable increases for respondents with more than 11 or more years experience. 
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Figure 5-17: Value of Systems Engineering to R&D Projects by 
Number of Years Experience in Engineering or Research Field 
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5.2.11.3 Value of Systems Engineering to R&D Projects by Highest 

Degree Earned 

 

Figure 5-18 shows the results from respondents indicating 6.2 and 6.3 R&D 

projects and the question of Highest Degree Earned. The highest numbers of 

responses selected were Somewhat Valuable with relatively small differences in 

selections between the levels of education. 
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Figure 5-18: Value of Systems Engineering to R&D Projects  
by Highest Degree Earned 
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5.2.11.4 Value of Systems Engineering to R&D Projects by Amount of 

Systems Engineering Training  

 

Figure 5-19 shows the results from respondents indicating 6.2 and 6.3 R&D 

projects and with the question of amount of systems engineering training. Of those 

reporting no training, 57% selected Very Valuable or Somewhat Valuable however 

only 7 of 142, or about 5% indicated no training.  
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Figure 5-19: Value of Systems Engineering to R&D Projects  
by Hours of Systems Engineering Training 
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5.2.11.5 Value of Systems Engineering to R&D Projects by Rating in  

the CMMI
SM 

 

Figure 5-20 shows the results from respondents indicating 6.2 and 6.3 R&D 

projects and the associated rating with CMMI
SM

.  The selections in the questionnaire 

were grouped into three rating groups for this graphical comparison. The largest 

number of responses, at least 78% in each category, including those not indicating a 

CMMI
SM

 rating, selected the Somewhat Valuable or Very Valuable category with 

slightly higher response for Somewhat Valuable.  
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Figure 5-20: Value of Systems Engineering to R&D Projects  
by CMMISM Rating 
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5.2.11.6 Value of Systems Engineering to R&D Projects by Size of 

Largest Research Project  

 

Figure 5-21 shows the results from respondents associated with 6.2 and 6.3 R&D. 

Most responses are in the Somewhat Valuable and Very Valuable range with the 

largest difference in the category of small (up to $5 Million) project size where 

Somewhat Valuable is 54% versus 28% for Very Valuable.  

 

 

 
Value of Systems Engineering to R&D Projects 

by Size of Largest Research Project  

0%

10%

20%

30%

40%

50%

60%

VV= Very Valuable, SV= Somewhat Valuable, N= Neutral, MV= Minimal 

Value, NV= Not Valuable

P
e
rc

e
n

ta
g

e
 o

f 
R

e
s
p

o
n

s
e
s

Large (Over $100 Million) 37% 33% 12% 12% 7%

Medium ($5 M to $100 M) 34% 45% 11% 8% 3%

Small (up to $5 Million) 28% 54% 12% 0% 6%

VV SV N MV NV

 

Figure 5-21: Value of Systems Engineering to R&D projects  
by Size of Largest Research Project 

 

 

 



 91 

 

5.2.11.7 Value of Systems Engineering to R&D by Number of Research 

Engineers/Scientists 

 

Figure 5-22 shows the breakdown of respondents associated with 6.2 and 6.3 R&D. 

Most responses are in the Somewhat Valuable and Very Valuable range, with the 

largest difference in the Large (greater than 300) category) with more than 50% of 

respondents rating as Somewhat Valuable.  
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Figure 5-22: Value of Systems Engineering to R&D by Number of Research 
Scientists and Engineers in the Research Organization 
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5.2.12 Contribution of Systems Engineering Methods to Project Success 

The next section of the questionnaire provides a list of 43 Systems Engineering 

Processes, Methods, and Tools. The respondent is instructed to indicate the 

contribution of these processes in 6.2 R&D Projects, Applied Research, or in 6.3 

R&D Projects, Advanced Technology to project success by choosing a selection on a 

Likert scale of five values. An additional box on the paper form is provided if the 

method is unknown to the respondent, and a similar bypass selection is provided on 

the web form.  

 

The summary ranking is based on the mean score of the five Likert scale values of the 

questionnaire from one to five. Table 5-2 on page 96 provides the summary statistics. 

The top three methods had identical mean scores and are ranked then on number of 

responses. Based on all respondents, the top five mean scores with number of ranking 

are: 

 

1) Integrated Product Teams 

2) Simulation and Modeling 

3) Voice of the Customer 

4) Risk Management 

5) Technology Road Mapping 
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The lowest five mean scores with number of ranking are:  

39) Concept Generation Methods (TIPS/TRIZ) 

40) Real Options Method (ROM) 

41) Quality Functional Deployment (QFD) 

42) KJ Analysis/Affinity Diagram 

43) Juran Methodology 

 

The mean scores are scored by the number of responses for each method or process. 

The familiarity or popularity of the item may affect the response selection. In Figure 

5-23 (page 95) the ranking of all 43 topics are presented with the mean score of all 

responses within that category. The rankings are shown in tabular form in Table 5-2 

on page 96. The mean scores for Government and Government Contractor responses 

are presented in Figure 5-24 on page 97.  

 

Each respondent is expected to have knowledge of a certain number of the methods, 

tools, and processes but would not be expected to be familiar with all. It is possible 

the respondent may not be familiar with the process by the name presented in the 

questionnaire; however the number of responses for each may serve to indicate the a 

relative familiarity of each within the population. The ranking by number of 

responses in Figure 5-25 on page 98 is presented for comparison to the mean scores. 

It is reasonable that the more popular a process, the more likely that it has been tried 

with success, although a low number of responses would not necessarily indicate that 

a process is not worthwhile.   
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In this chapter the results of the data collection have been presented. In the remaining 

portion of this chapter a series of charts further demonstrates the distribution of 

responses for each category for the various Systems Engineering Methods, Processes 

and Tools, in two views. For each, the total number of responses is presented for each 

of the possible selections in the questionnaire. The second chart shows the value of 

each method as a percentage of all responses. 

 

  

 

 

 

Figure 5-23 (Page 95) Ranking by Mean Score of All Respondents 

 

Figure 5-24 (Page 97) Ranking by Mean Score of All Respondents with Comparison 

of Government versus Government Contractor Mean Score 

 

Figure 5-25 (page 98) Ranking by Total Number of Reponses 

 

Figures 5-26 through 5-101, beginning on page 99, provide percentage of responses 

and number of responses for the value of each of the 43 Systems Engineering 

methods, processes, and tools.  
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Table 5-2: Summary Statistics 

 

 

 

 

 



 97 

Ranking by Mean Score of All Respondents
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Ranking by Total Number of Responses
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5.2.12.1 Architecture Tradeoff Analysis Method (ATAM) 
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Figure 5-26: ATAM by percentage of responses 
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Figure 5-27: ATAM by number of responses 
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5.1.12.2 Analytic Hierarchy Process ™ 
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Figure 5-28: Analytic Hierarchy Process ™ by percentage of responses 
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Figure 5-29: Analytic Hierarchy Process ™ by number of responses 
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5.2.12.3 Balanced Scorecard 
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Figure: 5-30: Balanced Scorecard by percentage of responses 
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Figure: 5-31: Balanced Scorecard by number of responses 
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5.2.12.4 Benchmarking 
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Figure: 5-32: Benchmarking by percentage of responses 
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Figure: 5-33: Benchmarking by number of responses 
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5.2.12.5 Business Process Reengineering 
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Figure 5-34: Business Process Reengineering by percentage of responses 
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Figure 5-35: Business Process Reengineering by number of responses 
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5.2.12.6 C4ISR/DoDAF Architecture Framework 
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Figure 5-36: C4ISR/DoDAF Architecture by percentage of responses 
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Figure 5-37: C4ISR/DoDAF Architecture by number of responses 
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5.2.12.7 CJCSI 3170.01C – Requirements Generation System 
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Figure 5-38: CJCSI Requirements Generation by percentage of responses 
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Figure 5-39: CJCSI Requirements Generation by number of responses 
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5.2.12.8 Computer Aided Systems Engineering (CASE) Tools 
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Figure 5-40: CASE Tools by percentage of responses 
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Figure 5-41: CASE Tools by number of responses 
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5.2.12.9 Concept Generation Methods (TIPS/TRIZ) 
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Figure 5-42: Concept Generation Methods by percentage of responses 
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Figure 5-43: Concept Generation Methods by number of responses 
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5.2.12.10 Concurrent Engineering 
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Figure 5-44: Concurrent Engineering by percentage of responses 
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Figure 5-45: Concurrent Engineering by number of responses 
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5.2.12.11 Constraint Management (Theory of Constraints) 
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Figure 5-46: Constraint Management by percentage of responses 
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Figure 5-47: Constraint Management by number of responses 
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5.2.12.12 Cost as an Independent Variable (CAIV) 
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Figure 5-48: CAIV by percentage of responses 
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Figure 5-49: CAIV by number of responses 
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5.2.12.13 Critical Parameter Management (CPM) 

 

Critical Parameter Management    

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

VV SV N MV NV

VV=Very Valuable, SV=Somewhat Valuable, N=Neutral, MV=Minimal Value, 

NV=Not Valuable

P
e
rc

e
n

ta
g

e
 o

f 
R

e
s
p

o
n

s
e
s

 

Figure 5-50: Critical Parameter Management by percentage of responses 
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Figure 5-51: Critical Parameter Management by number of responses 
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5.2.12.14 Design for Six Sigma (DFSS) 
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Figure 5-42: Design for Six Sigma by percentage of responses 
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Figure 5-43: Design for Six Sigma by number of responses 
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5.2.12.15 Design of Experiments 
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Figure 5-44: Design of Experiments by percentage of responses 
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Figure 5-45: Design of Experiments by number of responses 
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5.2.12.16 Earned Value Management (EVM) 
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Figure 5-46: Earned Value Management by percentage of responses 
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Figure 5-47: Earned Value Management by number of responses 
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5.2.12.17 Integrated Product and Process Development (IPPD) 
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Figure 5-48: IPPD by percentage of responses 
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Figure 5-49: IPPD by number of responses 
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5.2.12.18 Integrated Project Teams (IPT) 
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Figure 5-50: IPT by percentage of responses 
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Figure 5-51: IPT by number of responses 
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5.2.12.19 ISO 9001:2000 (Design, Development) 
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Figure 5-52: ISO9001:2000 by percentage of responses 
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Figure 5-53: ISO9001:2000 by number of responses 



 118 

5.2.12.20 ISO/IEC 15288 (System Life Cycle Processes) Standard 
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Figure 5-54: ISO/IEC 15288 by percentage of responses 
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Figure 5-55: ISO/IEC 15288 by number of responses 
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5.2.12.21 Juran Methodology 
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Figure 5-56: Juran Methodology by percentage of responses 
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Figure 5-57: Juran Methodology by number of responses 
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 5.2.12.22 KJ Analysis/Affinity Diagrams 
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Figure 5-58: KJ Analysis by percentage of responses 
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Figure 5-59: KJ Analysis by number of responses 
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5.2.12.23 Lean Design 
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Figure 5-60: Lean Design by percentage of responses 
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Figure 5-61: Lean Design by number of responses 
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5.2.12.24 Mission Engineering/Mission Analysis 
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Figure 5-62: Mission Engineering/Analysis by percentage of responses 
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Figure 5-63: Mission Engineering/Analysis by number of responses 
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5.2.12.25 Multi Criteria Decision Analysis, Multi Criteria Optimization 
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Figure 5-64: MCAD/MCO by percentage of responses 
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Figure 5-65: MCAD/MCO by number of responses 
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5.2.12.26 Popkin Architecture Tools 
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Figure 5-66: Popkin Tools by percentage of responses 
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Figure 5-67: Popkin Tools by number of responses 
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5.2.12.27 Process Architecting, Architecture Based Software Tools 
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Figure 5-68: Process Architecting by percentage of responses 
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Figure 5-69: Process Architecting by number of responses 
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5.2.12.28 Project Management Tools (Conventional) 
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Figure 5-70: Project Management Tools by percentage of responses 
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Figure 5-71: Project Management Tools by number of responses 
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5.2.12.29 Proprietary (In-House) Method 
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Figure 5-72: Proprietary Method by percentage of responses 
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Figure 5-73: Proprietary Method by number of responses 
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5.2.12.30 Pugh Process (Total Design) 
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Figure 5-74: Pugh Process by percentage of responses 
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Figure 5-75: Pugh Process by number of responses 
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5.2.12.31 Quality Functional Deployment (QFD) 
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Figure 5-76: QFD by percentage of responses 
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Figure 5-77: QFD by number of responses 
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5.2.12.32 Real Options Method (ROM) 
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Figure 5-78: Real Options Method by percentage of responses 
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Figure 5-79: Real Options Method by number of responses 
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5.2.12.33 Risk Management 
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Figure 5-80: Risk Management by percentage of responses 
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Figure 5-81: Risk Management by number of responses 
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5.2.12.34 Robust Engineering, Robust Design 
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Figure 5-82: Robust Engineering by percentage of responses 
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Figure 5-83: Robust Engineering by number of responses 
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5.2.12.35 Schedule as an Independent Variable 
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Figure 5-84: SAIV by percentage of responses 
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Figure 5-85: SAIV by number of responses 
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5.2.12.36 Simulation and Modeling 
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Figure 5-86: Simulation and Modeling by percentage of responses 
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Figure 5-87: Simulation and Modeling by number of responses 
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5.2.12.37 System Dynamics (Systems Thinking) 
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Figure 5-88: System Dynamics by percentage of responses 

 

System Dynamics (Systems Thinking)    n =  95

0

20

40

60

80

100

120

VV SV N MV NV Unknown

VV=Very Valuable, SV=Somewhat Valuable, N=Neutral, MV=Minimal Value, 

NV=Not Valuable

N
u

m
b

e
r 

o
f 

R
s
p

o
n

s
e
s

 

Figure 5-89: System Dynamics by number of responses 
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5.2.12.38 Taguchi Methods (Quality Engineering) 
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Figure 5-90: Taguchi Methods by percentage of responses 

 

Taguchi Methods (Quality Engineering)    n =  86

0

20

40

60

80

100

120

VV SV N MV NV Unknown

VV=Very Valuable, SV=Somewhat Valuable, N=Neutral, MV=Minimal Value, 

NV=Not Valuable

N
u

m
b

e
r 

o
f 

R
s
p

o
n

s
e
s

 

Figure 5-91: Taguchi Methods by number of responses 
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5.2.12.39 Technology Readiness Assessment/Levels 
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Figure 5-92: Technology Readiness Levels by percentage of responses 
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Figure 5-93: Technology Readiness Levels by number of responses 
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5.2.12.40 Technology Roadmapping 
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Figure 5-94: Technology Roadmapping by percentage of responses 
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Figure 5-95: Technology Roadmapping by number of responses 
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5.2.12.41 Total Quality Management (TQM) 
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Figure 5-96: TQM by percentage of responses 
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Figure 5-97: TQM by number of responses 
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5.2.12.42 Value Engineering, Value Methodology 
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Figure 5-98: Value Engineering by percentage of responses 
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Figure 5-99: Value Engineering by number of responses 
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5.2.12.43 Voice of the Customer 
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Figure 5-100: Voice of the Customer by percentage of responses 

 

Voice of the Customer   n = 125  

0

10

20

30

40

50

60

70

80

VV SV N MV NV Unknown

VV=Very Valuable, SV=Somewhat Valuable, N=Neutral, MV=Minimal Value, 

NV=Not Valuable

N
u

m
b

e
r 

o
f 

R
s
p

o
n

s
e
s

 

Figure 5-101: Voice of the Customer by number of responses 
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CHAPTER 6 – CONCLUSIONS 

 

This chapter provides a review and analysis of the findings of the data collection, 

reviews the significance to the application of Systems Engineering Tools, Methods, 

and Processes to 6.2 and 6.3 R&D, and includes suggested areas of study for 

continued research.  

 

6.1 Overview 

 

Systems Engineering methods, tools and processes examined in this research in 

the literature review of chapter 3 show many overlaps in philosophy, with many of 

the concepts originating in premises of the individuals who brought quality into 

manufacturing such as Demming, Juran, Crosby and others. These concepts include 

obtaining a clear set of requirements from the customer, applying Systems 

Engineering processes to provide a systematic and structured approach to decisions 

made throughout the lifecycle of the project, with the result of delivering a product or 

service that fulfills the customer’s needs. Such processes must be applied early in the 

project phase to carefully define what is needed, with constant monitoring throughout 

the lifecycle by the project team, combined with feedback from the customer to 

ensure the successful results.   
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The DoD has and continues to promote such use of Systems Engineering, and the 

results of the this research indicate a favorable acceptance of Systems Engineering to 

6.2 and 6.3 R&D projects. Over more than two decades the DoD has developed many 

training courses, guides, handbooks and processes, and mandated that systems 

engineering be applied to push process into the programs so that funds and time are 

not wasted on ineffective solutions. Processes and procedures to implement Systems 

Engineering in development DoD programs and projects have shown success. The 

DoD’s continues an extensive training effort to educate personnel at all levels of 

acquisition and development to further promote the application of Systems 

Engineering.  

 

 

 

6.2 Primary Findings in Data Collection 

This section reviews the findings in the data collection. First, data collected from 

all  respondents will be examined, followed by examination of selected data collected 

only from those responding affirmatively that their projects included those in DoD 

category 6.2 or 6.3. 

 

The set of Systems Engineering methods, tools, and processes utilized in this 

research was not intended to be an exhaustive list of those that may be used in 

practice, but to provide a representative set to elicit response for the data collection on 

the use of such methods and tools. The response to the data collection does show the 
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familiarity of the respondents to a large number of the systems engineering methods 

listed. Further, the purpose of the research is to indicate the acceptance or perceived 

usefulness of Systems Engineering across a range of individuals familiar with and 

participating in DoD projects.  

 

The following section reviews the results from the demographics section of the 

data collection with analysis of the relationship of the demographics to the selection 

of value of Systems Engineering to R&D projects.  

 

 

6.2.1 Employer 

The division in response between the employers for all respondents was 77% 

government and 23% government contractor. Although a more balanced sample was 

desired a sufficient number of contractor samples were obtained.  

 

 

6.2.2 Occupation 

Total responses from Systems Engineers were the highest at 36% with Research 

Scientist, Project Manager (27%), Research Scientist or Engineer (25%), Research 

Manager (7%), and Other category at 4%. The percentages of responses are very 

similar for the occupation selected by government and government contractor 

respondents, as shown in Table 6-1.  

 



 145 

Table 6-1: Distribution of Responses by Job Title 

Government

Government 

Contractor

Research Manager 7% 8%

Research Scientist/Engineer 27% 22%

Systems Engineer 38% 37%

Project Manager 13% 20%

Other 15% 12%  

 

6.2.3 Project Types 

A primary objective of the research was to obtain input from individuals working 

on DoD 6.2 and 6.3 projects. Response was better than expected in this regard with 

81% of all respondents indicating such projects. As shown graphically in section 

5.2.3, 90% of the all government respondents and 67% of all government contractors 

indicated their R&D projects include DoD category 6.2 or 6.3.  

 

6.2.4 Overall Value of Systems Engineering to R&D  

The first principal question of this research is to determine if Systems Engineering 

processes are being applied to DoD 6.2 and 6.3 projects and addressed in this section 

by the response to the question of overall value of Systems Engineering. The second 

principal question is the perceived value of a number of specific Systems Engineering 

processes, methods and tools and is reviewed in section 6.3 

 

The results to question seven: “To what extent overall have you found Systems 

Engineering Methodologies, Processes, and/or tools to the management of DoD 6.2 
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and 6.3 R&D projects” are presented in section 5.2.7. This section shows that, based 

on all responses, the highest value returned was Somewhat Valuable at 47%, with 

Very Valuable at 31%. With a combined value of these two selections at 78% the 

recognition of the value of Systems Engineering and its application to R&D is 

apparent.   

 

While the combined selections of 78% rating Somewhat Valuable and Very 

Valuable is an encouraging result, the rating of Systems Engineering as Neutral value 

to Not Valuable at 22% as shown in Figure 5-10. The question remains why such a 

large number of respondents have not found Systems Engineering more useful. While 

more research is necessary to understand the results, increased Systems Engineering 

training and more emphasis by management may be necessary to improve perception 

of Systems Engineering as applied to early stages of development.   

 

The split between the results for this question by government and government 

contractor shows a higher rating for Very Valuable of 43% by government 

contractors to 27% for government and an opposite weighting in the category of 

Somewhat Valuable of 50% for government and 36% for government contractors.  

 

The reason for the differences in rating of Somewhat Valuable by government 

employees and Very Valuable for government contractors (Figure 5-11) is not 

certain; however the author will suggest possible reasons based on experience.  
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Virtually all larger government contractor organizations have substantial in-house 

programs to provide Systems Engineering training to their employees, encourage 

graduate studies in Systems Engineering, and rely on strong Systems Engineering and 

process based methods to manage projects. These government contractor 

organizations have likely found benefits in applying Systems Engineering over many 

years of program management. A contractor generally operates from a defined set of 

specifications, program schedule, and budget with specific deliverable items in terms 

of product, specifications, and performance. To manage the amount of detail required 

to deliver a system or product, the author believes that most government contractors 

would rely on Systems Engineering methods to ensure project success and delivery of 

performance because of the need to satisfy the customer and avoid failure or delay 

with associated impact to profitability. 

 

While military services and government agencies generally have large Systems 

Engineering organizations with the same emphasis as described above for contractor 

organizations, in the author’s experience, particularly for larger and more complex 

systems or product development, government contractors may assist in the 

government Systems Engineering process. The requirements generation and Systems 

Engineering process applied to the development stages may be included in the 

development contract. While many government organizations operate their own 

Systems Engineering analysis and controls, a government organization or a 

government program manager may be less likely than the contractor to accept the role 
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of systems integrator, or systems engineer. Instead, the government will hire a 

contractor to manage the level of detail required for a project or system.  

 

Systems Engineering processes are not mandated for all government 

organizations and laboratories and some resistance to implementing process in the 

research and development stages of projects may remain in some government 

laboratory environments. 

 

6.2.5 Variation with Demographics 

The question of value of Systems Engineering Methodologies, Processes, and/or 

Tools, as discussed in section 6.2.4 is now further examined with the effect of the 

demographics questions and by increased discrimination of responses only to which 

the response was Yes to question 3: Do your R&D projects include DoD 6.2 or 6.3. 

 

6.2.5.1 Value by Job Title 

Table 6-2 provides the responses to the question: To what extent overall have you 

found Systems Engineering Methodologies, Processes, and/or Tools to applicable to 

the management of DoD 6.2 or 6.3 R&D projects. The percentage of combined 

Government and Government Contractor responses are shown.  
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Table 6-2: Value of Systems Engineering to R&D projects by Job Title 

Very 

Valuable

Somewhat 

Valuable Neutral

Minimal 

Value

Not 

Valuable

Research Manager and 

Scientist/Eng Combined 23% 47% 7% 12% 12%

Systems Engineer 40% 45% 9% 6% 0%

Program Manager and 

Other Combined 33% 46% 15% 2% 4%  

 

A significant finding is the value of Systems Engineering selected by research 

managers, scientists, and engineers, highest for Somewhat Valuable at 47%. A much 

higher selection of Very Valuable is selected by Systems Engineers as may be 

expected, perhaps due to the greater familiarity of this group with the benefit of 

processes and methods than the remaining groups.  Combining responses of Very 

Valuable and Somewhat Valuable, the total responses varied from 70% to 85% for all 

three groups, indicating a relatively high perceived value of Systems Engineering. 

 

 

6.2.5.2 Value by Number of Years of Work Experience 

The number of years of work experience was asked to determine if the experience 

of an individual has an effect on their perceived value of Systems Engineering to 

R&D projects. The results are provided in section 5.2.4 and the table of percentage 

responses is repeated in Table 6-3. 
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Table 6-3: Value of Systems Engineering by Number of Years Experience 

Very 

Valuable

Somewhat 

Valuable Neutral

Minimal 

Value

Not 

Valuable

Combined Response 33% 45% 11% 6% 5%

10 years or less 18% 54% 10% 8% 10%

11 to 20 years 41% 36% 15% 8% 0%

20 or more years 37% 46% 8% 5% 5%  

 

The highest values are the selections of Somewhat Valuable followed by Very 

Valuable. The responses to Neutral, Minimal Value do not change significantly over 

the range of years of experience. The data show a shift with an increased selection by 

more than a factor of two for Very Valuable for respondents with 11 or more years 

experience over those with 10 years or less. In addition, the combined number of 

selections for Valuable or Somewhat Valuable increases slightly for respondents with 

20 or more years experience, possibly indicating that with more work experience 

Systems Engineering is viewed as more valuable.  

 

 

6.2.5.3 Value by Highest Degree Earned 

The question of highest degree earned was asked to determine if the overall 

education level of an individual has an effect on the perceived value of Systems 

Engineering to R&D projects. The results are provided in section 5.2.5 and the table 

of percentage of combined responses is repeated in Table 6-4. 
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Table 6-4: Value of Systems Engineering to R&D projects by Highest Degree Earned 

 

Very 

Valuable

Somewhat 

Valuable Neutral

Minimal 

Value

Not 

Valuable

Bachelors degree or lower 28% 45% 11% 11% 6%

Masters degree or higher 34% 47% 11% 4% 4%  

 

The number of responses for Very Valuable increases slightly for respondents 

with Masters degree or higher, possibly due to increased familiarity with Systems 

Engineering and greater project experience.  In addition, the combined responses for 

Very Valuable and Somewhat Valuable are higher for respondents with Masters 

degree or higher. However the values indicate a similar attitude toward Systems 

Engineering value by both groups of education level based on degree earned. 

 

  

 

6.2.5.4 Value by Systems Engineering Training 

The amount of specific Systems Engineering training, either formal or informal 

coursework, was asked of the respondents. Comparing the responses to the perceived 

value of Systems Engineering to R&D projects, results are provided in section 5.2.6 

and the table of percentage responses is repeated in table 6-5. 
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Table 6-5: Value of Systems Engineering to R&D projects by Systems Engineering 
Training 

Very 

Valuable

Somewhat 

Valuable Neutral

Minimal 

Value

Not 

Valuable

None 29% 29% 14% 29% 0%

1 to 80 hours 16% 68% 6% 6% 4%

81 to 300 hours 38% 36% 13% 7% 7%

more than 300 hours 52% 31% 14% 0% 3%  

 

The respondents reporting no training indicated less value by higher response in 

Neutral and Minimal Value than for those with training. Respondents with any 

amount of training rated Systems Engineering higher in the combined categories of 

Very Valuable and Somewhat Valuable than those with no training. It is likely that 

training and use of Systems Engineering processes, methods, and tools in coursework 

does increase the application on projects and therefore increases the perceived value. 

For respondents with more than 300 hours of Systems Engineering training, 

indicating extensive training, and possibly an advanced degree, 52% responded as 

Very Valuable and 31% responded Somewhat Valuable, a total of 83%. As discussed 

in section 6.2.4 the need for Systems Engineering training and familiarization may be 

indicated by the higher percentage of responses (43%) of Neutral and below for those 

with no training, where the results in these categories change with a minimum amount 

of training.  

 

6.2.5.5 Value by CMMI
SM

 Rating 

The respondents were asked to indicate the level of their organization’s CMMI
SM

 

rating, if known. As discussed in sections 5.2.8 and 5.2.11.5, and shown graphically 

in Figure 5-13, 80% of the respondents were not rated or did not know if rated and 
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20% reporting rating in CMMI
SM

. The relationship of CMMI
SM

 rating to the Value of 

Systems Engineering to R&D is presented in Figure 5-20 and in Table 6-6 below.  

 

 

Table 6-6: Value of Systems Engineering to R&D projects by CMMISM  rating 

Very 

Valuable

Somewhat 

Valuable Neutral

Minimal 

Value

Not 

Valuable

CMMI Level 1-3 40% 45% 5% 5% 5%

CMMI Level 4-5 45% 36% 9% 9% 0%

Don't Know or Not Rated 30% 48% 11% 6% 5%  

 

Organizations with a CMMI
SM

 rating responded slightly higher with a combined 

rating of Very Valuable and Somewhat Valuable over those not rated. The difference 

is not as significant as expected for rated organizations. Organizations with higher 

CMMI
SM 

rating selected Very Valuable as highest, but a similar response was given 

by organizations not rated, or not known if rated, at 48% for Somewhat Valuable. The 

conclusion is that the rating in CMMI
SM

 does not have a significant effect on the 

perceived value of Systems Engineering to R&D.  

 

 

6.2.5.6 Value by Size of Largest Project 

To obtain information on the value of Systems Engineering with relationship to 

the size of the largest project, three categories of dollar value of the project were 

provided in the question. As discussed in section 5.2.9 and presented in Table 6-7 

below, the largest number of overall responses were for respondents involved with 
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small and large research projects, at 37% and 39% respectively, with those reporting 

medium size projects at 24% of overall responses.  

 

Table 6-7: Value of Systems Engineering to R&D projects by Project Size 

Very 

Valuable

Somewhat 

Valuable Neutral

Minimal 

Value

Not 

Valuable

Large (Over $100 Million) 37% 33% 12% 12% 7%

Medium ($5M to $100M) 34% 45% 11% 8% 3%

Small (up to $5 Million) 28% 54% 12% 0% 6%  

 

Response for the value of Systems Engineering in the three categories of project 

size was somewhat mixed. Approximately 70% of those reporting large or medium 

size projects indicated Systems Engineering as very valuable or somewhat valuable 

versus 85% of those reporting work on small projects. The unexpected result was that 

Systems Engineering was reported slightly more valuable in small projects than large.  

 

6.2.5.7 Value by Number of Research Scientists and Engineers 

The response for the number of research scientists and engineers was lowest for 

the medium range as presented in section 5.2.10. As shown in Table 6-6, the response 

to the value of Systems Engineering with the number of research scientists and 

engineers bracketed most responses as Very Valuable or Somewhat Valuable. For 

large research organizations, the response of Somewhat Valuable was highest, 

possibly due to inertia or reluctance in some larger organizations to fully embrace 

process within the R&D organization, while smaller organizations may be more agile 

and receptive to process for improvement.  
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Table 6-8: Value of Systems Engineering to R&D projects by number of 

Scientists/Engineers 
 

Very 

Valuable

Somewhat 

Valuable Neutral

Minimal 

Value

Not 

Valuable

Large (greater than 300) 21% 53% 11% 6% 9%

Medium (51-299) 44% 40% 12% 4% 0%

Small (less than 50) 38% 41% 10% 8% 3%  

 

 

6.3 Rankings of System Engineering Processes, Methods and Tools 

The summary ranking is based on the mean score of the Likert scale values from 

one to five as reviewed in section 5.2.11. In this section Table 5-2 the summary 

statistics. Based on all respondents, the top five mean scores are: 

 (1) Integrated Product Teams (IPT) 

 (2) Simulation and Modeling 

 (3) Voice of the Customer 

 (4) Risk Management 

 (5) Technology Roadmapping 

 

The five lowest mean scores are:   

 (39) Concept Generation Methods (TIPS/TRIZ) 

 (40) Real Options Method (ROM) 

 (41) Quality Functional Deployment (QFD) 

 (42) KJ Analysis/Affinity Diagrams 

 (43) Juran Methodology 
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The number of responses to each method, tool, or process is tabulated in Table 5-

2 and indicates to some degree knowledge or familiarity with each by the respondent. 

The five highest number of responses, based on all respondents, corresponded to:  

 

 (1) Integrated Product Teams (largest number of responses)  

 (2) Risk Management 

 (3) Simulation and Modeling 

 (4) Project Management Tools (conventional) 

 (5) Cost as an Independent Variable 

 

The five lowest number of responses were:  

 ( 39) Concept Generation Methods (TIPS/TRIZ) 

 (40) KJ Analysis/Affinity Diagrams 

 (41) Juran Methodology 

 (42) Real Options Method (ROM) 

 (43) Pugh Process /Total Design (lowest number of responses) 

 

 

 Contrasting all Government responses versus all Government Contractor 

responses, we again find some differences but many similarities in the top five and 

bottom mean scores. The results are shown graphically in Figure 5-24 in section 
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5.2.12. From all responses, the methods with the five highest and lowest mean scores 

are shown in Table 6-9:  

 
 
Table 6-9: Comparison of Highest and Lowest Mean Scores for Government and 

Government Contractor Responses 
 

Top Five Government Mean Scores Top Five Government Contractor Mean Scores

1) Integrated Product Teams (IPT) 1) Simulation and Modeling

2) Voice of the Customer 2) Risk Management

3) Simulation and Modeling 3) Voice of the Customer

4) Risk Management 4) Mission Engineering/Mission Analysis

5) Project Management Tools (Conventional) 5) Integrated Product Teams (IPT)

Lowest Five Government Mean Scores Lowest Five Government Contractor Mean Scores

39) Quality Functional Deployment (QFD) 39) Constraint Management (Theory of Constraints)

40) Pugh Process (Total Design) 40) CJCSI 3170.01C - Requirements Generation

41) Real Options Method (ROM) 41) Juran Methodology

42) KJ Analysis/Affinity Diagrams 42) Pugh Process (Total Design)

43) Juran Methodology 43) Concept Generation Methods (TIPS, TRIZ)  

 

Of the top five selections from Government and Government Contractor 

responses four of the five methods appear in both groups as shown in Figure 6-9. The 

four common selections are:  

 Integrated Product Teams (IPT) 

 Simulation and Modeling 

 Voice of the Customer 

 Risk Management 

 

The high response for Integrated Product Teams (IPT) may be expected due to the 

number of references in the literature and value placed by the DoD by publishing a 
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manual of the setup and operation of IPTs. The high value for Voice of the Customer 

was unexpected. While the term is not generally presented in references within the 

DoD, the concept is the essential part of collecting requirements regardless of the 

methods used and is part of methods such as Design for Six Sigma and QFD. 

Connection with the customer to learn requirements and maintain focus on the 

essential factors of an R&D project is an essential part of IPPD and IPT and many 

other methods. The conclusion is that collection of customer input is considered very 

important to success of R&D projects. Similarly, Risk Management and Simulation 

and Modeling as a tool to reduce risk are also processes and methods presented in 

DoD literature. The DoD has a strong commitment to Simulation and Modeling for 

risk reduction as discussed in section 3.2.36. 

 

The five lowest rated methods between Government and Government Contractor 

are shown in Table 6-9. Two of the methods in these two groups were rated lowest: 

  

 Juran Methodology 

 Pugh Process 

 

While both of these methods are well documented in general literature, both 

methods above and others ranking low in value, as shown in Figures 5-23 and 5-24,  

may be better known in commercial organizations than DoD R&D. For both methods 

listed above at least 25% of the respondents selected a response value rather than 
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‘unknown’ indicating familiarity with the two methods by a portion of the test 

population. 

 

The author’s opinion is that those applying Systems Engineering are likely to first 

apply those concepts and processes most familiar to them by training courses or 

experience in using methods on the job. Comparing the highest ratings with the 

processes, methods, and tools as presented in DAU and AFIT Systems Engineering 

courses, IPPD, IPT, Risk Management, and Technology Road Mapping, and 

requirements generation are included in the highest rated methods.  

 

While the author believes that some explanation of the higher rated methods such 

as IPPD, IPT, Simulation and Modeling, and Risk Management may be from the 

emphasis of certain methods in the DAU and AFIT coursework, this does not fully 

explain all of the higher values associated with the questionnaire responses. Rather, 

the data reflect the perceived value based on the experience of the respondents for 

methods that have been found useful by practitioners, perhaps independent of 

training.  

 

The DAU Advanced Science and Technology Management Course (FY08 

version) emphasizes processes, methods and tools including (Zittel 2007): 

 

 Balanced Scorecard (as applied to S&T) 

 Design of Experiments 

 ESOH Environmental Safety, Occupational Health 

 Exit Criteria (establishment) 

 Integrated Product and Process Development (IPPD) 
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 Integrated Product Teams (IPT) 

 Requirements development 

 Modeling and Simulation 

 Risk Management 

 Robust Engineering 

 Six Sigma 

 Technology Readiness Levels 

 Technology Road Mapping 

 Value Analysis/Value Engineering 

 

 

The Air Force Institute of Technology SYS 251 course “Introducing Systems 

Engineering in Science and Technology Programs” presents IPTs and IPPD as 

described in the AFRL handbook “IPPD for S&T Quick Reference, Version 3.0” 

which covers IPPD methodology, technology transition methods and methods 

outlined in AFRL Instruction 61-104. (Castro 2008) (AFRL 2002) (AFRL 2008) 

 

 

6.4 Summary 

The research has provided information on the current state of application of 

Systems Engineering to the research and development phases of applied research 

(6.2) and development of advanced technology development (6.3) within the DoD 

and DoD contractor organizations. In response to the question of whether DoD R&D 

program managers, scientists, and engineers have found Systems Engineering 

beneficial, results have a mixed response but are in the range of Somewhat Valuable 

to Very Valuable for most respondents. Responses were higher for the rating of 

Somewhat Valuable among government employees and higher for Very Valuable for 

government contractors. While exact reasons are not known, opinion has been 

provided for the finding that Government employees rated Systems Engineering value 
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lower than Government Contractors, and possible reasons for the overall rating of 

Systems Engineering as Very Valuable by only 31%  of respondents (section 6.2.4). 

However, overall the results indicate the success of training and efforts by the DoD to 

encourage implementation of Systems Engineering in development projects which 

should lead to more cost-effective developmental efforts for the U.S. national 

defense.  

 

The question of application and contribution to project success of Systems 

Engineering tools, methods, and processes to DoD category 6.2 and 6.3 R&D has 

been answered by the scoring of a series of methods and processes with ranking of 

the perceived value for each. A series of methods and processes have been identified 

that have been found to be most useful to practicing research managers, scientists and 

engineers, systems engineers, and project managers. Likewise, a series has been 

identified that have low perceived value. The results show some use of all of the 

methods and processes presented indicating the wide variety of methods that have 

been applied in practice. The results of the ranking may serve as a guide in selecting 

methods and processes for application in an R&D environment, to reinforce the 

selection of best processes, and as a guide and feedback in Systems Engineering 

training.  

 

Many roads lead to the objectives of products and processes that fulfill the need of the 

DoD customer at an acceptable costs. The immense mechanism to produce 
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technology and move it to the user on the battlefield will continue to be a challenge as 

technology advances and available funding is finite.  

 

The research shows recognition of the need to provide processes, tools, and methods, 

during the R&D phase of projects as we continue to learn what works best, when and 

where. The management of increasingly larger and complex systems will continue to 

challenge the system engineers, scientists, and engineers who implement them.   

   

6.5 Future Research 

Additional topics for future research are suggested:  

 Research of DoD 6.4 and later development stages, managed after the 

transition from the laboratory development stages, to gain a perspective of the 

effectiveness of early application of Systems Engineering viewed from later 

development stages. 

 Research specializing in methods applied only to software based projects or 

with differentiation between software and hardware of portions of R&D 

projects. 

 Perform the research in the future to determine the effectiveness and 

application of new Systems Engineering methods and the evolution of existing 

Systems Engineering methods. 

 Examination of Proprietary or ‘In-house’ Systems Engineering processes or 

internally developed methods, or, methods combined in a manner that produce 

success for an organization’s R&D. 
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 Research with a focus on Systems Engineering applied to stage 6.1 R&D.  

 Research on a Systems Engineering ontology based on Eisner’s thirty 

elements of Systems Engineering. 

 Research to examine the reason that the number of respondents rating Systems 

Engineering overall value to R&D as Very Valuable is not rated higher than 

31%.  

 

This project did not include basic research, category 6.1, as it appeared that 

systems engineering processes would not likely be applied. In retrospect, this is a 

topic for future research because 6.1 research funded by the DoD may also benefit by 

alignment with needs of existing and proposed systems. Feedback to organizations 

performing 6.1 basic research from customers and researchers of later research phases 

is essential to ensure that the right technologies are being pursued. One research 

development may key ideas for others. An OSD report in 2002 stated:  

 

Basic research is focused primarily on long-term goals leading to new or 

improved technologies, hence must be conducted with a full understanding of 

needed technology improvements, on the one hand, and of promising research 

opportunities, on the other. (OSD, Office of Basic Research 2002, 1) 

 

 The feedback comes from the sponsoring organizations that are interested in new 

capabilities and in moving successful research into a capability or product as soon as 

possible.  A 2005 report on 6.1 research noted that the DoD should consider 

interactions of all research phases, 6.1 through 6.3, more parallel rather than series 

operations due to the synergy of one development area feeding ideas to another. 

(National Research Council 2005)  
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APPENDIX B 
 

Comment Text Responses from Questionnaire 

 

Question 3 - Other Job Description  
1) currently in a career broadening tour outside of engineering 

2) 6.2 and 6.3 DARPA program manager 

3) Program integrator for 6.2-6.5 program planning and reporting 

4) Logistics Manager 

5) Science and Technology Manager 

6) Deputy for Engineering on Major Program/Platform/Project 

7) Commander 

8) Scientist 

9) OSD Oversight of ACQ Programs 

10) Software Test and Evaluation Engineer 

11) LAN/DATA/Networks design, engineering, implementation 

12) Analyst 

13) Test Manager 

 

Question 4 – Do you have any other comments on Systems 

Engineering tools, processes, or methodology? 
1) Contact respondent at….(name and information withheld)  

2) The need for greater rigor in requirements analysis and definition, design 

synthesis, interface, and configuration management control techniques, and other 

SE methodologies in DoD tech development is unquestionable. So is the need to 

have people in program offices who actually understand the methodologies, so 

they can be employed in more than a ‘check the box’ fashion. The biggest 

obstacle to levying firmer SE requirements on program offices is the lack of rigor 

in defining standard SE tools and processes.  

3) The use of acronyms/non-sensical jargon is both frustrating and inefficient. See 

items 6 through 48 in your survey for examples. SYS ENG courses are loaded 

with the same type of useless verbiage. Total waste of time and space. 

4) Current Systems Engineering is for logistical application. The only reason it can 

work is that the military acquisition process is at least 15 years behind current 

technology. 

5) Many organizations are comfortable with their own methodologies, tools, and 

processes. I have found as long as they result in consistent output, it is ok that 

they are different. The main work is in identifying how methodologies, tools, and 

processes overlap, but when done, is often worth the effort. 

6) For the STM courses (related to 6.2 and 6.3 research) I really feel it should be 

more lab focused instead of SPO/PM focused. Seemed to be more to educate the 

PMs on what the lab can do than on how the lab should do their job. By the way, 

how large is the DAU staff with lab experience (my guess is much lower than 

SPO or program)? 
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7) I bypassed several items not always because I was unfamiliar with them 

necessarily, but because my lab had not tried them or they were inappropriate for 

our use. You  need a N/A option. 

8) Excellent course! Promoted group dynamics and interaction 

9) Have found the DODAF to be EXTREMELY USEFUL! 

10) We need a SE Capability Maturity Model like that used in software development. 

Folks around here keep doing what they’ve been doing and don’t want to change. 

Hence we more often than not make bad stuff.  

11) More emphasis is required on how to design and conduct experimentation. Should 

include data structure, TEMP, and analysis planning. 

12) The Japanese have used it very well. 

13) Processes seem to be evolving faster than we can train and re-train. The basics of 

planning have stayed the same: Who, what, when, where, why, and how (or how 

much $) 

14) In PenRen (Pentagon Renovation) projects some of the methods used are not 

according to DoD Systems Engineering and is hard to follow, because they are not to 

the standard.  

15) Use of tools and/or methods that provide knowledge t the user, technologist, 

engineer, and all levels of stakeholders can enable visibility of trusted information 

that spurs interaction necessary to manage and have any semblance of control of a 

project. Collaboration counts and is the most difficult to enable. Obviously there are 

several tools listed above that capture data to be distilled as information. What 

conveys all this data in discernable knowledge for decisions is as much an issue as the 

variety of tools. 

16) Although I participated in the survey, most of the tools/techniques only apply to 

my work in an abstract way. Our research is only in the calibration field and isn’t 

geared at fielding new technologies or supporting technologies other than calibration 

systems.  

17) None 

18) Great Class. The class introduced current information and helped broaden my 

government work. 

 


