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The traditional systems engineering (TSE) technical development process model 

(TDPM) constituent system (CS) suitability conjecture is the unproven belief within the 

system engineering (SE) and system of systems (SoS) communities that TSE TDPMs are 

suitable in prescribing the technical development effort to engineer a CS for its inaugural 

membership into a SoS.  

The resolution of the TSE TDPM CS suitability conjecture provides guidance for 

both SoS and CS developers by endorsing or refuting the ability of the TSE TDPMs to 

function in a new technical development environment (TDE).   

This study examines four areas of the TSE TDPM CS suitability conjecture. The first 

area to be examined is the character of the TSE TDPMs. The examination identifies 

distinguishable features and traits of the TSE TDPMs. The second area to be examined is 

the TDE that the TSE TDPM CS development effort must endure. The examination 

identifies the CS requisites for prescribing the technical development effort. The third 

area to be examined is the ability of the TSE TDPM to function in the CS TDE. The 

character of the candidate TSE TDPMs are evaluated in comparison to the CS TDE 

requisites. The results are analyzed to identify and then separately confirm the 

discrepancies within the TSE TDPMs. The fourth area to be examined is the research 

developed solutions to the confirmed discrepancies. Solutions to resolve each confirmed 

discrepancy are developed, evaluated and separately confirmed.  

The results of the four areas will provide sufficient evidence of proof to endorse or 

refute the TSE TDPM CS suitability conjecture.   
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CHAPTER 1 - INTRODUCTION 

1.1 Overview 

Mankind has benefited from the onset of the information revolution. For 

approximately sixty-four years this has allowed academia, government and industry to 

focus on the collection, storage, transfer, analysis and presentation of data. [1] This data 

was normally concealed or had very limited distribution. A newer focus has emerged 

within the last decade as a result of the shift from platform-centric computing to network-

centric computing. The paradigm of networking-centric computing to share data was the 

catalyst that brought into existence the concept of system of systems (SoS). [2] 

A SoS is a widespread environment in which member systems participate through 

interactions and servicing of each other by adhering to a set of standards and interfaces to 

provide compatibility, interoperability and to share capabilities. [3] The SoS widespread 

environment (SoS-Wide), functions as an enterprise with a portfolio of participating 

member systems. The participating members are a mix of new systems and legacy 

systems that are SoS-Wide compatible. The participating member systems are SoS-

Constituents (or constituent systems) who share in the distributed ownership of the SoS-

Wide. A SoS-Constituent may also operate autonomously as a non-participating member 

system.  

The SoS-Wide establishes the objectives, standards and interfaces for the SoS-

Constituents. These will evolve over time requiring the SoS-Constituents to also evolve.  

A SoS-Constituent’s operational capability influences the character of the SoS-Wide and 

remains functional as a non-participating member system. The SoS-Wide and the SoS-

Constituents are depicted in Figure 1-1. 
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1.2 Statement of Problem 

In the development of a SoS-Wide from both the Capability Oriented Perspective 

(COP) and Connecting the Parts Oriented Perspective (CPOP), the constituent system 

(CS) is developed concurrently with the SoS and with other CSs.  [4]  This concurrent 

technical development effort requires the adaption of two technical development 

environments (TDEs):  SoS and CS. [5]  

In the SoS TDE, the technical development effort is volatile due to the uncertainties 

in development. Case studies and lessons learned from developers describe perplexing 

systems engineering (SE) development efforts in developing within the SoS and CS 

TDEs. [6-8] Examples of development uncertainties include: emergent behavior, 

dynamic requirements, incomplete test methodology, undefined operational utility, etc… 
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In the CS TDE, the well established TSE TDPMs previously used in independent 

system (IS) development have newfound usages in this new TDE. The newfound usages 

are bounded by:   

1.   The initial transformation of an existing IS into a CS (functioning member of a 

SoS). 

2.   The subsequent advancement of the CS as the SoS technologically evolves.     

The TSE TDPMs are process models that prescribe the engineering effort to develop 

by-products and end products.  Pressman [9]  defines prescriptive models as  process 

models that “… prescribe a distinct set of activities, actions, tasks, milestones, and work 

products…”.  [9] The TSE TDPMs were created for developing IS and have a proven 

record in effective SE technical development.   

The TSE TDPM CS suitability conjecture is the unproven belief within the SE and 

SoS communities that TSE TDPMs are suitable in prescribing the technical development 

effort to engineer a CS. [10-12] This is contrary to the case studies and lessons learned 

that describe perplexing SoS and CS technical development efforts. [6-8] 

1.3 Purpose of Study 

This study is an attempt to resolve the TSE TDPM CS suitability conjecture. In 

addressing the TSE TDPM CS suitability conjecture, four sub-problems will also be 

resolved:  

1.  TSE TDPM: What are their distinguishable characteristics? 

2.  CS Development: How different is it from IS development? 

3.  TSE TDPM: Will they function in CS development?  

4.  TSE TDPM Discrepancies: Can they be resolved?   
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At the conclusion of the sub-problem investigation, the findings are used to determine 

whether sufficient evidence of proof is secured to endorse or refute the TSE TDPM CS 

suitability conjecture.   

1.4 Contributions of the Research 

This research provides advancement to the systems engineering body of knowledge in 

the realm of TDPMs. Specifically, TDPMs that prescribe the technical development 

effort to engineer a CS into its inaugural membership within a SoS.  

This research refutes the TSE TDPM CS suitability conjecture with the proof of 

evidence that was secured. This evidence of proof shows that the maturate TSE TDPMs 

(ANSI/EIA 632-2003, CMMI-DEV 1.2 and IEEE/ISO/IEC 15288-2008) are deficient in 

supporting emergent behavior development.  

Proof of evidence was obtained that indicate that the maturate TSE TDPMs lack the 

activities/tasks to collaborate emergent behavior development efforts. In addition, these 

maturate TSE TDPMs lack the ability to support emergent behavior development in an 

operational environment.  

This research developed, evaluated and separately confirmed the emergent behavior 

deficiency solutions. These deficiency solutions provide newfound capabilities to the 

maturate TSE TDPMs to function in a CS TDE.  

This research also identified the two categories of TSE TDPM: embryonic and 

maturate.  The embryonic models (IEEE 1220-2005 and MIL-STD-499C (draft)) provide 

the early “stages” of development and stops short of constructing an extant system. The 

maturate models (ANSI/EIA 632-2003, CMMI-DEV 1.2, and IEEE/ISO/IEC 15288-

2008) provide an aggregate of “stages” to materialize an abstract idea into an operational 
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system.  The embryonic TSE TDPMs are unable to effectively function in a volatile TDE 

due to the missing processes to Realize and Evaluate technical changes.    

1.5 Limitations of this Study 

This study utilizes the following established formal TSE TDPMs: 

1.  ANSI/EIA 632-2003 

2.  CMMI-DEV 1.2 

3.  IEEE STD 1220-2005 

4.  IEEE/ISO/IEC 15288-2008 

5.  MIL-STD-499C (Draft) 

These standards were evaluated in their original form. These TSE TDPMs are 

tailorable by practitioners to suite their technical development needs. 

This research does not considered the associated areas related to technical 

development, such as management, acquisition, etc… 

1.6 Chapter Overviews 

This study is composed of six chapters. Chapter 1 is an introduction to the research. 

Chapter 2 is review of the research literature. Chapter 3 discuses the contribution of the 

research, theory of the research and how the research will solve the research problem. 

Chapter 4 discusses the research questions, research hypotheses, research plan for study 

and research methodology.  Chapter 5 presents the research findings. Chapter 6 presents 

the conclusions and recommendations. 
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CHAPTER 2 - LITERATURE REVIEW  

 The purpose of this chapter is threefold:   

1.   Summarize and critically evaluate theoretical formulations and findings that 

are relevant to CS technical development.  

2.   Identify the CS technical development knowledge gaps that this dissertation 

will attempt to satisfy. 

3.   Institute an organized dissertation bibliography.   

The foundation for this research is oriented by Keating’s [13]  framework to advance 

SoS engineering (SoSE) research by identifying  five logical SoSE levels and defining 

their interrelationships. Keating’s [13]  framework  is depicted in Figure 2-1 and 

identifies the logical SoSE levels and their interrelationships.  
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The five levels of the Keating’s [13]  framework are:  

1.   Philosophic Level. The character and objective of SoSE are explored. 

2.   Axiomatic Level. The laws, principles, theory and concepts of SoSE are 

examined. 

3.   Methodological Level. The framework that is used to guide inquiry and gain 

knowledge of complex systems is investigated.  

4.   Application Level. Specific classes of problems relating to SoSE are addressed.  

5.   Method Level. The techniques and processes to facilitate SoSE application are 

defined.   

The five logical levels and their interrelationships provide direction for this research. 

This study adopts Keating’s [13]  framework and focuses on the Methodological, Method 

and Application logical levels to guide this research in the knowledge gaps within the 

SoSE area: 

1.   The Methodological Level identifies the TSE and SoS influences in how to 

perform technical development.  

2.   The Method Level identifies the processes and its prescription to develop a CS.  

3.   The Application Level identifies the value of the processes and its prescription in 

developing a CS.   

The relevant research areas for this study are TSE TDPM and the SoS TDE. Figure 2-

2, Theoretical Context Diagram, identifies the literature review areas that are relevant to 

CS development. 
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2.1 System of Systems Taxonomy 

Numerous authors have attempted to provide a definitive definition of SoS. Each has 

fallen under scrutiny and critiqued by the SE and SoSE authorship community. The lack 

of a definitive SoS definition has resulted in the use of SoS characteristics set to describe 

a SoS. This has also resulted in numerous SoS characteristics sets.  

The most widely recognized SoS characteristic set was developed by Maier [14] with 

two basic elements. These two elements distinguishes an IS from a SoS. These elements 

include:  

1.   “Operational Independence of the Components.  If the system-of-systems is 
disassembled into its component systems the component systems must be able to 
usefully operate independently. That is, the components fulfill customer-operator 
purposes on their own”. [14] 
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The ability to function as a SoS member and independently implies a dual role for 

the CS. The dual role may require a compromise in performance in order to 

function in the dual role. 

2.   “Managerial Independence of the Components.  The component systems not only 
can operate independently, they do operate independently. The component 
systems are separately acquired and integrated but maintain a continuing 
operational existence independent of the system-of-systems.” [14] 
 
Maier’s [14] statement implies two technical development environments are 

required: “Component level” (or CS) and at the “SoS level”. 

Maier [14] also developed four heuristics in the technical development success of a 

SoS. These heuristics provide practitioners a guide in developing a SoS. These include: 

1.   “Stable Intermediate Forms: A collaborative system designer must pay closer 
attention to the intermediate steps in a planned evolution. The collaborative 
system will take on intermediate forms dynamically and without direction, as part 
of its nature. Thus, careful attention must be paid to the existence and stability (in 
all suitable dimensions) of partial assemblages of components.” [14] 
 
The volatility and uncertainty in SoS development will occur and must be 

carefully monitored. 

2.   “Policy Triage: The collaborative coercive control over the systems configuration 
and evolution. This makes choosing the points at which to influence the design 
more important. In communication-centric systems, this means that design 
leverage will frequently be found in relatively abstract components (like data 
standards and network protocols).”  [14]   
 
Control of the interface is a collaborative effort and will be focused on data 

standards and communication protocols.    

3.   “Leverage at the Interfaces: A collaborative system is defined by its interfaces. 
The interfaces, whether thought of as the actual physical interconnections or as 
higher level service abstractions, are the primary points at which the designer 
can exert control.”  [14]   
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Communications equates to collaboration and the interface provides the 

communication path. 

4.   “Ensuring Cooperation: A collaborative system exists because the partially 
independent elements decide to collaborate. The designer must consider why they 
will choose to collaborate and foster those reasons in the design. This is not a 
consideration in the design of monolithic systems where the components can 
operate only as part of the whole.” [14] 
 
Entry as a SoS member may require adjustments at the CS and SoS “level”.   

Maier’s [14] four heuristics provide insight to the practitioner in developing a SoS. 

A SoS characteristic set defined by Despotou et al. [15] was selected for its tie-in with 

problematic nature with the eight SoS characteristics.  

1.   Autonomy. Partial or full autonomous CS may be a risk to the SoS members or to 

itself. Safety is a concern. 

2.   Collaboration and Decentralized Control. “Decentralized control raises the issue 
of “negative emergence”, where interactions between systems cause undesirable 
behavior. Collaboration increases the number of interactions, making it harder to 
predict what behaviors will emerge. ” [15] 
 

3.   Heterogeneity/Open Systems.  Dynamic changes to the SoS will require 

“conventional” safety testing to identify/prevent possible hazardous conditions 

from occurring. This dynamic change will be unacceptable from a safety 

perspective. 

4.   Complexity.  Change will impact seemingly unimportant software or hardware 

and will have a detrimental effect to the systems. In addition, changes from the 

CS may filter into the SoS causing collateral negative effects. 

5.   Adaptability. Interfaces and resources require standardization among the SoS 

membership. Changes to a commonly shared interface or resource will have a far 
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ranging impact among SoS members. All shared items with SoS members require 

specific definition. 

6.   Dynamic Configuration. “The SoS needs to specify primary functions and what 
set of features among the elements is necessary for the SoS to complete its 
primary functions.” [15] 
 

7.   Emergent Behavior. SoS-Wide testing is required; however safety testing is 

currently performed at the CS level. Emergent behavior that poses a safety risk 

requires identification. 

8.   Dependability.  The dependability aspect of the SoS and its members require 

clarification. Dependability has different forms (safety, reliability, availability, 

security, etc…). All of these forms should be identified and considered by the SoS 

membership.   

One of the key aspects of SoS is the identification and development of emergent 

behavior. White [16] provides a simplistic example of emergent behavior:  

“The orchestra produces an emergent property, call it a symphony…. It is 
emergent because none of the components ... could produce it in isolation.” [16] 

 

The development of emergent behavior is a SoS membership effort. Char [17]  puts it 

bluntly, emergent behavior  is a total effort:  

“Acting together, the SoS in total, will achieve emergent behavior possible only 
through the coordinated application and cooperative actions of multiple 
systems.” [17] 

2.2 Issues with System of Systems Taxonomy 

There is a problematic issue with an agreed upon definition of the term SoS. This has 

caused confusion within the SE community. The United States Air Force Scientific 

Advisory Board (USAF SAB) [4] identified three major views: 
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1.   Big system with lots of subsystems. 

2.   Cooperating systems. 

3.   Collaboration system brought together in an operational environment. (This is the 

correct view as determined by the USAF SAB). 

The USAF SAB has recognized this problem: 

“A shift in mindset will be necessary to move the industry forward to thinking 
about SoSE as a discipline that builds upon traditional Systems Engineering 
approaches, but involves new approaches and enablers to evolve and sustain a 
system-of-systems.” [4] 

2.3 System of Systems Development 

The USAF SAB identified two perspectives in developing SoS. [4]  The COP is 

centered on developing capabilities from new or legacy systems for a SoS over the span 

of its life cycle. This amounts to the detection, utility, implementation and utilization of 

emergent behavior and the continual evolution of the SoS. The CPOP is centered on 

developing interoperability among existing systems to form a SoS. Interoperability 

allows previously autonomous systems to become a member of the SoS.  

The COP and CPOP encompass three of the five Maier [14] SoS characteristics, 

namely, emergent behavior (superimposing of capabilities), evolutionary development 

(evolves capabilities over time) and geographic distribution (exchange information). The 

USAF SAB points out the immediate technological needs for industry to support SoSE 

development and does not identify the research needs for SoS development. 

Keating [13]  identified a framework to advance SoSE research by developing  five 

logical SoSE levels and defining their interrelationships.  At the Philosophic Level, the 

character and objective of SoSE are explored. At the Axiomatic Level, the laws, 

principles, theory and concepts of SoSE are examined. At the Methodological Level, the 
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framework that is used to guide inquiry and gain knowledge of complex systems is 

investigated. At the Application Level, specific classes of problems relating to SoSE are 

addressed. At the Method Level, the techniques and processes to facilitate SoSE 

application are defined.  The five logical levels and their interrelationships provide 

direction for SoSE researchers and functions as a catalysis to speed up SoSE research. 

Fisher [10] discusses his idealistic belief that when emergent behavior is not present, 

traditional engineering development methods are appropriate. When emergent behavior is 

present, traditional engineering methods is inappropriate. From his perspective, emergent 

behavior occurs only at the SoS level (SoS-Wide) and not at the autonomous constituent 

level (SoS-Constituent); therefore traditional engineering methods may be used at the 

autonomous constituent level (SoS-Constituent), but not at the SoS level.  It is my 

opinion that the autonomous constituent level and the SoS level are fundamentally the 

same from a non-hierarchal perspective of a SoS. 

Fisher et al. [11] presents a perspective in why TSE technical development methods 

are viable for SoS-Constituent development:  

“Component systems typically are closed systems with known boundaries 
and clearly defined functionality. Their development can be centrally 
controlled with all details and aspects of the development visible. 
Consequently, the components or constituents of a system of systems can 
be individually developed within the regime of traditional engineering 
practices providing each is designed to interoperate in a system-of-
systems context.”  [11] 

 
The underlying perspective the authors uses is that a SoS-Constituent is a level below 

the SoS-Wide due to the hierarchal structure of the SoS. The authors continue the SoS 

hierarchal theme in the following sentences in the same paragraph.  
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“Unfortunately, at the systems-of-systems level of network-centric 
systems, traditional practices are inappropriate because of the increased 
complexity, the necessity for distributed control, the presence of 
independent decision making by multiple constituents, the potential for 
difficult-to-envision indirect effects and emergent behavior, the need to 
evolve objectives continuously throughout development, and the absence 
of total system perspective that can be used for end-to-end test and 
evaluation. Furthermore, the situation is aggravated by lack of 
operational perspective during development.” [11] 

 

The fundamental issue with the authors’ statement is that an assumption is made in 

which the SoS-Wide and SoS-Constituents are in a hierarchy structure and that 

complexity does not flow to the SoS-Constituent. This so-called hierarchy structure is 

one of the primary reasons why the SE and SoSE community misconstrues the SoS 

technical development effort.  

Abbott [3] critiques several SoS definitions by other authors  and provides one of the 

better explained SoS definitions by presenting an operating environment perspective: 

“System of systems is as a collection of participating systems along with a 
set of shared standards and interfaces all of which evolve slowly enough 
so that making an investment in them is likely to be worthwhile.” [3]  

 

Abbott [3]  includes emergent behavior as part of “evolve slowly” of his discussion. 

Abbott [3] uses the term “…opens on top…” to describe that an SoS have a continual 

influx of uses as opposed to an IS that has a fixed use.  He also uses the term: “…open at 

the bottom…” indicating that the SoS has no fixed foundation (i.e. interoperability 

protocols) and is functionally defined allowing it to change when needed. The last term 

Abbot [3] uses: “…continually (but slowly) evolving.” to reflect that the SoS evolves, but 

at a sufficient pace that allows additional capabilities to be incorporated into the SoS. 
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Sage and Biemer [18] developed a set of SoSE process requirements based on an 

aggregate set of  characterization  from  Maier [14],  Bar-Yam et al. [19], Chen and 

Clothier [20], and Boardman and Sauser [21].  The SoSE process requirements set 

consists of fifteen requirements assigned to the seven characteristics of a SoS.   The 

requirements are then used to develop an integrated SoSE process model that represents 

an architectural development process (ADP).   The ADP uses a combination of TSE 

TDPM’s activities to develop a “composite SoS”. The eleven Sage and Biemer [18] 

activities are: 

1.   Identify capability requirements  (an existing TSE TDPM process) 

2.   Develop the system architecture (an existing TSE TDPM process) 

3.   Control systems programs 

4.   Define and design system solutions (an existing TSE TDPM process) 

5.   Implement systems (an existing TSE TDPM process) 

6.   Verify systems (an existing TSE TDPM process) 

7.   Deploy capabilities (an existing TSE TDPM process) 

8.   Reengineer and/or dispose of systems in the SoS 

9.   Analyze and Assess the SoS  (an existing TSE TDPM process) 

10.  Verify the SoS (an existing TSE TDPM process) 

11.  Validate the SoS (an existing TSE TDPM process) 

The ADP has an issue with the composite SoS, in that it is a SoS hierarchy of 

systems. All hierarchal SoS technical development effort models and/or examples are 

inaccurate explanations in how to develop a SoS and are misconstrued by the SE and 

SoSE community.    
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Haskins [22]  utilized a confusing  SoS example in the International Council on 

Systems Engineering (INCOSE) Systems Engineering Handbook. The example was a 

camera as a SoS. In this case, a hierarchal of components is misused in describing a SoS.  

 Potential SoS technical development  issues were identified by Boehm and Lane [23] 

and provide areas where the SE and SoSE practitioners must focus on to minimize 

problems during SoS development. These risk areas were identified by Boehm and Lane 

[23] based on developmental experience with software intensive SoS and are summarized 

as:    

1.   Requirements and architecture feasibility 

2.   Achievable software schedules 

3.   Supplier integration 

4.   Adaption to rapid change 

5.   Product integration and electronic upgrade 

6.   Commercial-off-the-shelf (COTS) software and reuse 

7.   External interoperability  

Carney et al. [24] brings up the notion that interoperability for a SoS must be 

preserved or adapted when evolving. In the first instance, the interoperability must be 

preserved when a system is modified. As for adapting, two forms exist: the addition of 

newer interoperability interface or the deletion of a no longer needed interface. The 

author falters in the discussion by not discussing the addition of interoperability on a 

system that was not designed for interoperability.  

The Department of Defense (DoD) [5] defined seven SoS environments or core 

elements in which the systems engineer will support. These core elements provide an 
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idealized concept in developing a SoS from a SoS-Wide perspective. These seven DoD  

[5] areas are summarized as:  

1.   Translating capability objectives  

2.   Understanding systems and relationships  

3.   Assessing performance to capability objectives  

4.   Developing and evolving an SoS architecture  

5.   Monitoring and assessing changes  

6.   Addressing requirements and solution options  

7.   Orchestrating upgrades to SoS  

 
The interrelationships between the seven core elements are depicted in Figure 2-3. 

The three primary elements (the outer elements shown in Figure 2-3) are identified by the 

DoD as key components in developing a SoS and is heavily influence by the external 

environment.  [5] The seven core elements establish a conceptual process model (CPM) 

to develop a SoS.  This is a significant milestone in SoS development since the CPM will 

be used as the de facto standard to guide the development of a SoS for the DoD.    
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Zemel and Rossak [25] speculate on the methodology required for SoS development: 

“In many cases System of Systems are integrated bottom-up from systems that 
were developed before the System of Systems was even designed (“off the shelf”). 
This type of integration is called “Post-Facto Integration” [20], as opposed to 
“pre-facto", planned integration as proposed in [23] and [24] with the GenSIF 
framework.”   

 
Zemel and Rossak [25] state that the “post-facto integration” entails additional 

integration constraints based on the notion that the new SoS functionality must work with 

legacy IS functionality.  The Generic Systems Integration Framework (GenSIF) model 

employs two levels of management: meta-level and project level. Where: 

“The meta-level is responsible for coordination, control, and definitions of goals 
and directions. The project level management is responsible for managing the 
actual development of software.” [25]  

 
Zemel and Rossak [25] advocate the use of GenSIF in developing SoS, but have no 

supporting data in its application in SoS development.   
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2.4 Issues with System of Systems Development   

There is a dependency on SE processes and tools when developing a SoS. These tools 

are not adapted for SoS development. Moran [12] reasons that: 

“However, because traditional tools such as Systems Engineering (SE) 
have been monumentally successful in defense acquisition, there is a 
strong belief that SE is easily adaptable to SoS development. While SE has 
proven indispensable for development of enormously complex systems, the 
emerging demands of SoSE will likely outstrip SE’s utility.” [12] 

 
Moran [12] also identifies several SoS technical developmental issues from a SoS 

TDE perspective. The issues have a common theme in that each relates for a need of a 

collaborative effort among the technical development engineers and managers: 

1.   Extensive ongoing coordination is required among developers of each component 

system to achieve SoS interoperability requirements.  

2.   Need for a development organization with a reach that covers cost, schedule, risk 

and requirements. 

3.   Manage contention between component programs. 

4.   Challenges of integrating systems in various stages of maturity into a SoS. 

5.   Foster emergence of complementary capabilities (emergent behavior). 

The Air Force Institute of Technology (AFIT) with the cooperation of The MITRE 

Company and Lockheed Martin Integrated Systems and Solution created a case study 

from its lessons learned from the development of the Theater Battle Management Core 

System (TBMCS). [7]  It is rare for the DoD to provide case studies on programs 

currently fielded. 

The case study provided insight in the difficulties with software intensive SoS 

development utilizing TSE TDPM.  A review of the case study revealed that a 
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reoccurring issue was the lack of collaboration between the contractor and government 

entities. This lack of collaboration affected the requirements development, in turn, 

resulted in an incomplete architecture and incorrect design decisions. The integration, 

verifications and validation efforts were also negatively impacted.  

Collaboration between developer and the stakeholders is imperative to identify 

specific responsibilities and shared responsibilities. The development of the TBMCS case 

study uses the Friedman-Sage matrix are the foundation to identify contractor only, 

shared, and government only responsibilities for the development of the TBMCS. [7] 

This matrix amounts to enforcing collaboration among the SoS stakeholders. 

An issue with SoS development was the assumption that the legacy IS requirements 

were sufficient in the technical development effort, when in fact it was not. Newer SoS 

requirements were not defined. The use of legacy requirements assumption also resulted 

in government foreseeing that no new concept of operations for the overall SoS was 

needed. 

The case study provided numerous examples of incorrect engineering direction from 

both contractor and government perspectives in a software intensive SoS technical 

development environment that lack in collaboration in understanding the SoS technical 

development effort. 

The TBMCS technical development effort relied upon spiral development to 

accommodate the un-solidified requirements baseline. The spiral development effort was 

not cure all for the unstable requirements, but provided the means to adapt to the unstable 

technical development environment. 
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The TMBCS verification and validation effort also suffered due to the lack of real 

word development testing. Several TMBCS technical problem were not discovered 

until witnessed operational testing. This embarrassment could have been 

prevented by exercising the SoS in “true battle rhythm” use. [7] 

Greene and Mendoza [6] identified several discrepancies in developing a SoS from a 

real-world perspective. The Army Battle Command System (ABCS) development effort 

provided several lessons learned in SoS development.  The ABCS is composed of eleven 

Battle Automated Systems (BAS) that was functionally combined to interoperate as a 

single SoS. The ABCS combines the BAS functions for interoperations. Greene and 

Mendoza [6]  identifies the BAS functions as: 

1.   Maneuver 

2.   Fire Support 

3.   Air Defense 

4.   Intelligence/Electronic Warfare 

5.   Battle Command Sustainment Support  

 
Greene and Mendoza [6] identified several systems engineering lessons learned in the 

technical development effort of the ABCS 6.4 solution. The key systems engineering 

lessons are summarized as: 

1.   Uncertainties in the technical and operational architecture. The design evolved as 

problems/solutions were identified. Collaboration between each BAS was 

required to dynamically change the planned architecture to a workable 

architecture.  
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2.   SoS integration after the fact. No preliminary testing between each modified BAS 

was performed, resulting in identifying problems late in the development cycle. 

Moving integration testing earlier (i.e. via simulation testing) identifies problems 

and solutions earlier in the development cycle.  

3.   Dynamically changing requirements. The functionality, constraints, performance, 

and verification requirements dynamically changed as the development effort 

progressed. All requirements had to be reworked. Close collaboration with 

stakeholders is required to solidify each dynamic requirement. 

4.   Late start of system engineering process. The system engineering processes 

(prescribing the technical development effort) is required at the start of the 

program to provide a plan in the technical direction of the development effort. 

5.   Risk collaboration with stakeholders. Collaboration is required between 

stakeholders to identify, analyze, mitigate, monitor and control risk. 

6.   Technical development effort needs to be aggressively monitored and managed 

due to dynamics of SoS technical contingencies. Collaboration by all stakeholders 

provides the means to monitor and manage the entire SoS technical development 

effort.     

Greene and Mendoza [6] also provided lessons learned  to the technical development 

community to improve SoS development effort: 

1.   Platform Centric versus SoS Focus. Both technical developments focuses impacts 

one another. Impacts must be collaborated between the two focuses. 
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2.   Refining the Planned Architecture and Designs. The system development effort is 

dynamic. The system engineering processes must be dynamic to complement the 

changes in technical direction of the development effort. 

3.   Separation of the development process and fielding process. The transition from 

development to fielding must be identified. The integration and testing of the 

entire SoS under development must transition as a whole to fielding. This requires 

the identification of: 

a.  Minimal set operational criteria 

b.   Upgrades that can be accomplish with field upgrades 

c.   Upgrades than must be part of development interoperability issues 

4.   Process for Technical Design Change. Established processes to obtain approval of 

design changes are “bureaucratic and cumbersome”. [6] The utility of the 

documentation is questionable.  

Colombi et al. [8] provides real-world DoD observation in the operational test and 

evaluation (OT&E) of a SoS. In a presented Force Development Evaluation (FDE) case 

study, a modified sensor onboard an airborne platform was fitted with a new data link 

architecture and included minor software changes to network with a ground station. Test 

planners identified four IS to interact to perform end-to-end testing. This included the 

sensor, airborne platform, data link and ground station.  Without the SoS mindset for 

testing, test planners developed test plans to provide validation of the sensor system with 

the support of the other three systems. This resulted in communication and coordination 

breakdowns that resulted in poor test planning. In hindsight, Colombi et al. [8] identified 

that a demonstration of the operational effectiveness and suitability in SoS performance 



24 

 

would have been a more effective means to test the composition of the combined 

systems. 

Colombi et al. [8] identified several fundamental problems in observing the OT&E 

process that is applicable to testing of SoS. These include: 

1.   Integration testing performed “exclusively on life cycle terms.” [8]  This results in 

separating testing activities among interdependent systems. To resolve this issue, 

testing must also be integrated across entire sets of operational capabilities. 

2.   Incomplete testing events. Insight and foresight is required to properly encompass 

events to fully demonstrate the SoS capabilities. 

3.   Lack of test planning. Current processes do not include task/activities for project 

management to scope SoS testing. 

4.   More complicated testing. Testing has become more expansive, dynamic and 

occurring in a more complex environment.  

5.   Increase in test resources. The number of tests, complexity, tempo and expense of 

testing will required new and effective testing methods for SoS. 

Colombi et al. [8] advocates improving test methodologies to keep up changes in 

system development. An example is with shifting testing at the whole SoS capability 

level rather than at the individual system capability level. One improvement method is 

the use of DoD Architecture Framework (DoDAF) and Enterprise Architecture (EA) to 

identify how systems interoperate and using this information in assisting in test planning.  

The DoDAF and EA information can also provide practical help by identifying mission 

threads that can exploit the used of modeling and simulation to perform limited levels of 

testing.  
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Another area of test improvement identified by Colombi et al. [8] is to provide a 

means to measure interoperability in order to gauge the CS under test. The scale is the 

means to initially measure, report and detect improvement in interoperability within the 

SoS.   

As part of the development process, Colombi et al. [8] proposes  that the definition of 

the CS’s interoperability objectives be defined. Base on the DoD’s Net-Centric Data 

Strategy: 

1.   Visible. SoS member systems discover the existence of data assets (through 

catalogs, registries and services). 

2.   Accessible. SoS member systems post data to a shared location. 

3.   Understandable. SoS member systems comprehend the data and determine how he 

data can be used. 

4.   Trusted. SoS member systems determines the source of the data though its 

pedigree (security and control level). 

5.   Agile. Sharing of metadata in predefined and undefined formats. 

6.   Responsive. Data consumers and providers perspectives are incorporated into the 

data to insure status via continual feedback. 

Another real world example that is related to SoS interoperability was given by  

DiMario [27]: 

“Problems of connectivity, capacity, utilization, overload, data latency, 
syntactic incompatibility and undesirable semantic emergent behavior have 
been simply shown in the Link 16 experience.” [27] 
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2.5 Independent System Development 

The primary purpose of a SE process model is to prescribe the technical development 

effort to engineer an IS. [26, 28-31] The IS operates autonomously without concern of 

interoperability, compatibility or sharing its capability with other IS.  

Currently, five systems engineering standards are utilized by SE and SoSE in 

academia, industry and government. The SE standards include: 

1.   ANSI/EIA 632-2003 

2.   CMMI-DEV 1.2 (dated August 2006) 

3.   IEEE 1220-2005 

4.   IEEE/ISO/IEC 15288-2008  

5.   MIL-STD-499C (draft date April 2005) 

Each of the current systems engineering standards originally evolved from MIL-STD-

499 and is depicted in Figure 2-4.  Each engineering standard provides a technical 

development perspective though a process model that prescribes the tasks and activities 

to develop the by-products and end products of the system. Each of the tasks and 

activities are tailorable for specific program or organizational use. 

The TSE TDPMs are rich in detail that these specifications are the TSE TDPM source 

for this research (no literature review was performed on secondary sources that describe 

the TSE TDPMs).  

 MIL-STD-499C is a draft standard undergoing review by the SE community. 

Previous versions of MIL-STD-499 (revision A and B) were used as sources in the initial 

development of IEEE STD 1220 and ANSI/EIA 632. 
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The CMMI-DEV 1.2 standard was included in the evaluation for completeness in the 

TSE TDPM comparison. It should be noted that the TDPM in CMM-DEV 1.2 is not 

actively used to perform technical development, but is used as a vehicle to evaluate the 

technical development processes used within government and industry. 
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Process models are available in many forms, Krogstie [32] identifies several  

conceptual models that can be used to identify the prescription method of the system 

engineering process model. The more notable process models are: functional and 

structural. The functional process model focuses on prescribing development from 

process flow perspective. Each process flow follows an ordered sequence. [32] The 

structural process model focuses on a product being developed. [32] 

 The modification and upgrade of DoD systems was investigated from an acquisition 

process perspective to understand the different aspects in incorporating new technologies 
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and improvements into exiting systems. Evans et al. [33] makes the point that the 

modification and upgrade of legacy systems is a viable option than developing newer 

systems. Evans et al. [33] identified the following difficulties in  developing a new 

system: 

1.   Is  time consuming:  

“…pieces of these new systems are obsolete or nearly ineffective at their 
fielding.” [33]  
 

2.   Are complex making it expensive to acquire 

3.   Declining DoD budgets  restrains the purchase of newer systems 

Evans et al. [33] states that these are the reasons that modernization of legacy systems 

remain a viable option with improvements.  

2.6 Independent System Technical Development Strategies 

 Green and DiCaterino  [34]  states that the section of  a development process model 

is  based on the organizational environment and nature of the application.  Green and 

DiCaterino [34]  makes claim that the requirements environment (relationship between 

the organization environment and the system) should be the selection criteria. The four 

types of requirements relationships are: 

1.   Unchanging Environment. Formal requirements are unchanging and formal 

process model (spiral or waterfall) are sufficient. 

2.   Turbulent Environment. System requirements are always changing.   

“Successful methods would include those, which incorporate rapid development, 
some throwaway code (such as in Prototyping), the maximum use of reusable 
code, and a highly modular design.” [34]   
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3.   Uncertain Environment. Requirements are uncertain or unknown. Experimental 

process models that take advantage of rapid development and/or prototyping 

would be effective. 

4.   Adaptive Environment. As the environment changes the system changes with new 

requirements. The introduction of adaptable changes is required.  

The ideal of selecting a process model based on the expected environment provides a 

more precise method to select a process model.   

Boehm and Lane [23] updated the spiral software development process model in 2005 

to overcome the difficulties encountered in using tradition software development 

processes in a software intensive SoS development environment. The Spiral 2005 process 

model is depicted in Figure 2-5. 

The Spiral 2005 process model uses an aggregate of successive increments of agile, 

plan-driven, and Verification and Validation (V & V) stages to attain the development 

technical objective. The agile, plan-driven and V&V activities are executed in parallel 

during a single increment. The agile activities adjust the development effort due to 

changes in technical direction. The plan-driven activities follow the pre-planned technical 

direction of the increment. The V & V activity evaluates the plan-driven technical 

changes for the increment. Additional changes were made by replacing the stakeholder’s 

reviews (system requirements review, preliminary design review, and initial operational 

capability) with a Life Cycle Objectives (LCO), Life Cycle Architecture/Development 

Increments (LCA/DI) and Incremental Operational Capabilities/Development Increments 

(IOC/DI). The LCO, LCA/DI and IOC/DI provide additional level of collaboration with 
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the stakeholders for the DI. The Spiral 2005 provides flexibility and scalability in 

software development.  

 
�������"�-��"..-��������(�������)�������/�
� ��
�0� ��
��
��&�
���

%����������������������"..-�
���������������1������ ���������
�����
������
��������
�
�!�
�

2.7 Processes and Improvements 

Krut and Wood [35] performed a study in the modification of process modeling 

techniques to clarify the resultant models. This studies focuses on software process 

models, however the concerns are applicable to process modeling in general.  Krut and 

Wood [35] identified a number of concerns in modeling techniques: 

1.   Process models being modified became increasingly complex. 

2.   Visual representation of the model became increasingly complex. 

3.   Lack of sufficient structure of exiting models (i.e. functional, behavior, etc…) 

makes modification complex. 

4.   Visual clutter due to increased complexity. 
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5.   Changes are localized and should be globally changed 

6.   Existing parallel processes makes modification difficult. 

7.   Information overload. 

Krut and Wood provided useful insight in the precautions in modifying existing 

process models. [35]  

Armitage and Kellner [36] provides a conceptual schema for defining process models. 

The process abstraction presented provides a perspective to view a process model: 

1.   Activities. What is being done? 

2.   Artifacts. Thing used and produced. 

3.   Agents. Who or what performs the activities. 

The process abstraction is limited in scope when compared to the Zachman 

formalisms as described in an upcoming paragraph. 

Kellner [37] provides formalism to represent process models. Kellner [37]  identifies 

eleven formalisms that include: 

1.   Visual represent the processes 

2.   Represent the process for different views 

3.   Support multiple levels of abstraction 

4.   Define formal syntax and semantics 

5.   Provide complete descriptions 

6.   Provide a analysis capability 

7.   Simulate the process from the process descriptions 

8.   Integrate other process model approaches (i.e. PERT, CPM, etc…) 

9.   Support variant descriptions of the processes 
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10.   Take an active role in describing the process execution 

11.   Use of automated tool to formally represent the processes. 

Keller provides the formalism to systematic define a process model, but lacks the 

means to modify a process model. 

Heineman [38] introduces the concept of developing a software tool  to identify the 

formalism  of currently existing software and translating it into a common development 

environment.  The perspectives of the behavioral (when and how), functional (what) and 

organization (who) areas are similar to the Zachman formalisms.  

Zachman [39] developed a framework that is an very capable  data capture tool to 

provide a descriptive representation of a process model from multiple abstraction levels 

and perspectives. The framework provides a method to elevate and lower the abstraction 

level of a process model under evaluation. The Zachman [39] framework abstraction 

levels include: 

1. Contextual 

2. Conceptual 

3. Logical 

4. Physical 

5. Detailed 

6. Actual 

The Zachman [39] framework perspectives include: 

1. Data (what) 

2. Function (how) 

3. Network (where) 
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4. People (who) 

5. Time (when) 

6. Motivation (why)  

The matrix of both the perspectives and abstraction levels provides a complete means 

to capture the formalism of a process model and is depicted in Figure 2-6.  

 John A. Zachman, Zachman International

DATA 
Implementation

DATA
What

FUNCTION
How

NETWORK
Where

e.g. Data Definition

Entity = Field
Rel. = Address

e.g., Physical Data Model

Entity = Tables/Segments/etc.
Rel. = Key/Pointer/etc.

e.g., Logical Data Model

Entity = Data Entity
Rel. = Data Relationship

e.g., Semantic Model

Entity = Business Entity
Rel. = Business Relationship

List of Things -
Important to the Business

Entity = Class of
Business Thing

List of Processes -
the Business Performs

Function = Class of
Business Process

e.g., Application Architecture

Process.= Application Function
I/O  = User Views

e.g., System Design

Process= Computer Function
I/O =Data Elements/Sets

e.g. Program

Process= Language Statement
I/O = Control Block

FUNCTION
Implementation

e.g., Business Process Model

Process = Business Process
I/O = Business Resources

List of Locations -
in which the Business Operates

Node = Major  Business
Location

e.g., Logistics Network

Node = Business Location 
Link = Business Linkage

e.g.,  Distributed System
Architecture

Node = IS Function
Link = Line Characteristics

e.g., Technical Architecture

Node = Hardware/System
Software

Link = Line Specifications

e.g.  Network Architecture

Node = Addresses
Link = Protocols

NETWORK
Implementation

MOTIVATION
Why

PEOPLE
Who

e.g. Rule Specification

End = Sub-condition
Means = Step

e.g., Rule Design

End = Condition
Means = Action

e.g., Business Rule Model

End = Structural Assertion
Means =Action Assertion

End = Business Objective
Means = Business Strategy

List of Business Goals and 
Strategies

Ends/Means=Major Business
Goal/Critical Success Factor

List of Events -
Significant to the Business

Time = Major Business Event

e.g., Processing Structure

Time = System Event
Cycle = Processing Cycle

e.g., Control Structure

Time = Execute
Cycle = Component Cycle

e.g.  Timing Definition

Time = Interrupt
Cycle = Machine Cycle

SCHEDULE
Implementation

e.g., Master Schedule

Time = Business Event
Cycle = Business Cycle

List of Organizations -
Important to the Business

People = Class of People and
Major Organizations

e.g., Work Flow Model

People = Organization Unit
Work = Work Product

e.g., Human Interface
Architecture

People = Role
Work = Deliverable

e.g., Presentation Architecture

People = User
Work = Screen/Device Format

e.g.  Security Architecture

People = Identity
Work = Job

ORGANIZATION
Implementation

STRATEGY
Implementation

e.g., Business Plan

SCOPE
Planner

SYSTEM 
MODEL
Designer

TECHNOLOGY
CONSTRAINED

MODEL
Builder

DETAILED
REPRESEN-

TATIONS
Subcontractor

ENTERPRISE 
MODEL

Owner

contextual

conceptual

logical

physical

out-of-context

FUNCTIONING
ENTERPRISE

perspectives

abstractions
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CHAPTER 3 - RESEARCH CONTRIBUTION 

In this chapter, the contribution of the research, theory of the research, and how the 

research will solve the research problem are discussed.   

3.1 Contribution of the Research 

This research provides advancement to the systems engineering body of knowledge in 

the realm of TDPMs. Specifically, TDPMs that prescribe the technical development 

effort to engineer a CS into its inaugural membership within a SoS. The technical 

development effort is bounded by: 

1.   The initial transformation of an existing IS into a CS that is a functioning member 

of a SoS. 

2.   The subsequent advancement of the CS as the SoS technologically evolves.     

The primary contribution of this research is to address the TSE TDPM CS suitability 

conjecture. The TSE TDPM CS suitability conjecture is the unproven belief within the 

SE and SoS communities that TSE TDPMs are suitable in prescribing the technical 

development effort to engineer a CS for its inaugural membership within a SoS. 

In addressing the TSE TDPM CS suitability conjecture, four sub-problems will also 

be resolved:  

1.   TSE TDPM: What are their distinguishable characteristics? 

2.   CS Development: How different is it from IS development? 

3.   TSE TDPM: Will they function in CS development?  

4.   TSE TDPM Discrepancies: Can they be resolved?   
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At the conclusion of the sub-problem investigation, the findings are used to determine 

whether sufficient evidence of proof was secured to endorse or refute the TDPM CS 

suitability conjecture.   

If evidence does not refute the TDPM CS suitability conjecture then its ability to 

function in a CS TDE is reliably endorsed by this research.   

If evidence refutes the TDPM CS suitability conjecture, deficiency solutions 

applicable to the TDPM will have been developed that provide newfound abilities to 

function in a CS TDE.  

3.2 Theory of the Research 

An overview of the research theory is depicted in Figure 3-1. The TSE TDPM CS 

suitability conjecture problem is separated into four sub-problems areas. Each of the four 

sub-problems area resolves a part of the TSE TDPM suitability conjecture. As a result, 

each ambiguous aspect of the TSE TDPM CS suitability conjecture is examined:  

1.   The TSE TDPMs’ characteristics are revealed by identifying technical 

development prescription features and traits. The feature and traits will reveal any 

weaknesses in prescribing the technical development effort to engineer an IS. 

2.   The CS development requisites are revealed by indentifying the needs and 

constraints in the CS TDE.   

3.   Discrepancies within the TSE TDPMs when functioning in a CS development 

environment are identified by this research and confirmed by TSE TDPM subject 

matter experts.  

4.   Solutions to the TSE TDPM discrepancies are developed by this research and 

confirmed by TSE TDPM subject matter experts. 
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The four sub-problem areas provide findings that are used to determine whether 

sufficient evidence of proof was secured to endorse or refute the TSE TDPM CS 

suitability conjecture.   

3.3 How the Research Will Solve the Research Problem 

The aggregate findings from the four sub-problems areas will be used to determine 

the resolution to the TSE TDPM CS conjecture. The four sub-problem areas will use a 

specific research method. 

3.3.1 TSE TDPM 

The TSE TDPM literary documentation will be observed to identify features and 

traits of each candidate TSE TDPM. From the observation, each candidate TSE TDPM 

character is determined.  
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3.3.2 CS Development 

The literature on the topic of SoS technical development will be observed to identify 

CS development needs and constraints. From the observation, a set of requirements is 

developed that defines the requisites to develop in a CS TDE.  

3.3.3 TSE TDPM in CS Development 

  A comparable analysis will be performed to evaluate the character of the TDPMs 

against each CS development requisites. The result of the analysis is a listing of 

impediments. A level of impact cluster analysis is used to determine severity of the 

impediments. Impediments that hinder development are identified as a discrepancy. A 

prospective survey will be used to confirm these discrepancies. The survey subjects are 

SE and TSE TDPM subject matter experts.  

3.3.4 TSE TDPM Discrepancy Solutions 

Each confirmed discrepancy is evaluated and a solution is developed. A prospective 

survey will be used to confirm the solution to the discrepancy. The survey subjects are SE 

and TSE TDPM subject matter experts. 



38 

 

 

CHAPTER 4 - RESEARCH METHODOLOGY 

In this chapter, the research questions, research hypotheses, research plan for study 

and research methodology are discussed.   

4.1 Research Questions 

This dissertation is an attempt to disprove the TSE TDPM CS suitability conjecture.  

The TSE TDPM CS suitability conjecture is the unproven belief within the SE and SoS 

community that TSE TDPMs are suitable in prescribing the technical development effort 

to engineer a CS for its inaugural membership within a SoS. 

In this attempt to disprove the CS suitability conjecture, the following questions will 

be answered: 

1.  What are the SoS TDE requisites? 

2.  What are the features and traits of the TSE TDPM?   

3.  Are the TSE TDPMs capable of satisfying the SoS TDE requisites? 

4.  Are there discrepancies in using TSE TDPM in a SoS TDE?  

5.  Can these TSE TDPM discrepancies be resolved?    

4.2 Research Hypotheses 

The research questions will be answered by testing the following research hypotheses. 

H0: There is no difference between prescribing the technical development effort to 

engineer a constituent system and an independent system.  

H1: There is a difference between prescribing the technical development effort to 

engineer a constituent system and an independent system. 



39 

 

4.3 Research Plan for Study 

The research plan of study is depicted in Figure 4-1. The following research plan 

outline will be adhered to during this study.   

1. Data Gathering Process 

a. Perform TSE TDPM observations 

b. Perform SoS technical development observations 

c. Perform SoS-Wide CPM observation 

2. Pattern Finding Process 

a. Perform analysis of Assembled Data Sets  

b. Perform Pugh matrix analysis 

c. Perform level of impact cluster analysis 

3. Hypotheses Generation Process 

a. Perform discrepancy cluster analysis 

b. Perform prospective survey one 

c. Develop discrepancy solutions 

d. Perform prospective survey two 

e. Address the TDPM CS suitability conjecture 
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4.4 Research Methodology 

The goal of the research methodology is to secure sufficient evidence for proof to 

disprove the TSE TDPM CS suitability conjecture.  This research utilizes an inductive 

reasoning approach which consists of three main research processes identified by Haverty 

et al. [40] which include:  

1.   Data Gathering Process. The gathering of observable data. 

2.   Pattern Findings Process. The detection of recurring patterns in the relationships 

of the observable data. 

3.   Hypotheses Generation Process. The generation of a conclusion based on the 

recurring patterns in the relationships of the observable data. 
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4.4.1 Data Gathering Process 

The data gathering process assembles data by observing the TSE TDPMs, SoS 

technical development and SoS-Wide CPM.   

4.4.1.1 Perform TSE TDPM Observations 

The goal of this task is to determine the character of each candidate TSE TDPM in 

prescribing the technical development effort to engineer an IS. The character of the TSE 

TDPM is determined by understanding and evaluating its features and traits.  The features 

and traits are used to establish the character baseline for each of the candidate TSE 

TDPM. The TSE TDPM Observation process is depicted in Figure 4-2. The findings 

from this task will be provided to the Pattern Finding Process.  
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4.4.1.1.1 Perspective   

An observation perspective is established to optimize the elicitation of the features 

and traits from each candidate TSE TDPM. Optimization is achieved by implementing a 

focus and strategy to conduct the observation as identified by Haverty et al. [40]  

The focus provides direction and is attained by defining a common set of process 

model formalisms for the observation. The formalism is the means to comprehend and 

describe the representation of each candidate TSE TDPM as it prescribes the technical 

development effort to engineer an IS.   

A common set of process model formalism provides direction to focus the 

observation to comprehend and describe the representation of each candidate TSE 

TDPM. The chosen formalism includes: 

1.   Abstractions Structure. Used to comprehend and describe the collected properties 

at various levels of the process model, which may include higher order process 

grouping, processes, sub-process tasks or requirements.   

2.   Development Activities. Used to comprehend and describe the actions and 

interactions within the process model, which may include specific actions, 

sequences, flows, steps, etc…  

3.   Development Patterns. Used to comprehend and describe the visible patterns 

within the process model, which may include linear, non-linear, temporal, 

clusters, etc….   

4.   Development Approach. Used to comprehend and describe the manner in which 

the process model is used at the life cycle level, project level or program level. 
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5.   Development Technique. Used to comprehend and describe the manner in which 

the process model is oriented in prescribing the technical development effort.  

This may include functional, process, structural, etc.…   

The strategy provides a plan of action to elicit the character of each candidate TSE 

TDPM. The plan of action uses the formalisms to form an understanding of the TSE 

TDPM’s attributes that prescribe the technical development effort.    

The selected strategy to elicit the character of each candidate TSE TDPM is one of a 

pursuit approach to search for the features and traits used to prescribe the technical 

development effort. The pursuit approach will use the selected set of formalism in its 

described order to elicit the TSE TDPM features and traits. 

4.4.1.1.2 Methodology   

An observation methodology is established to achieve quality in the elicitation of the 

features and traits from each candidate TSE TDPM.  Quality will be achieved by 

implementing a structured approach to conduct the observation as identified by Haverty 

et al. [40].  

The observation methodology implements a structure approach that provides 

organization and elevates the abstraction level of the observation information. 

A visual interpretation commentary of each candidate TSE TDPM is made when it 

prescribes the technical development to engineer an IS.  The visual interpretation 

commentary extracts and describes the process models’ highly visual representation 

which conveys information (i.e. process flow, data dependencies, level of abstraction, 

syntax, etc…). The visual interpretation will be organized by the established formalisms. 
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 The structured approach provides organization in the collection and recording of the 

observed information. The collection and recording of the observed information will be 

organized by the established formalisms that provide focus to the observation.  

The structured approach provides the means to elevate the abstraction level of the 

TSE TDPM from the working process model level to a CPM level. The method to elevate 

the abstraction level of the observed information will be established by removing details 

in tasks and/or activities and identifying its objective or purpose.  

4.4.1.1.3 Observation   

An observation will be performed on each candidate TSE TDPM. The observation 

will adhere to the observation perspective and observation methodology.  The primary 

literary sources of the candidate TSE TDPMs are the established formal TSE standards. 

The candidate TSE TDPMs were selected based on their history of use in the TSE 

community. The TSE standards provide rich details of the TSE TDPM at the working 

process model abstraction level and provide the means to achieve validity in the 

observation as identified by Leedy and Ormrod [41]. The TSE standards to be observed 

include: 

1.  ANSI/EIA 632-2003 

2.  CMMI-DEV 1.2 

3.  IEEE STD 1220-2005 

4.  IEEE/ISO/IEC 15288-2008 

5.  MIL-STD-499C (draft)  

MIL-STD-499C is a draft standard undergoing review by the SE community.  MIL-

STD-499C TDPM was included as a candidate TSE TDPM due to its contribution in 
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previous versions. MIL-STD-499 revision A and B were used as sources in the initial 

development of IEEE STD 1220 and ANSI/EIA 632. 

The CMMI-DEV 1.2 standard was included in the evaluation for completeness in the 

TSE TDPM comparison. It should be noted that the TDPM in CMM-DEV 1.2 is not 

actively used to perform technical development, but is used as a vehicle to evaluate the 

technical development processes used within government and industry. 

During the collection, the captured information is checked for sufficiently rich 

discussion at a comparable level of the observed information to establish credibility in the 

elicited results. [41]   

4.4.1.1.4 Observation Findings   

An individual analysis will be performed on each candidate TSE TDPM’s recorded 

visual interpretation commentary. The primary focus of the analysis is the identification 

of features and traits of each candidate TSE TDPM to prescribe the technical 

development to engineer an IS. The secondary focus is to identify weaknesses in the 

prescription of the technical development effort.   

The recorded visual interpretation commentary data is also used to establish a 

character baseline of each candidate TSE TDPM. The TSE TDPM character baselines 

provide a method to allow comparisons between the TSE TDPMs. A TSE TDPM 

comparison will be performed to provide a means to identify similarities and differences. 

Weaknesses in the candidate TSE TDPM will be identified. A critical weakness is 

defined as the lack of a required technical development feature or trait. As an example, a 

typical TSE TDPM consists of the abstract processes to Define, Solve, Realize and 

Evaluate the system under development. If one of the abstract processes is missing and is 
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not covered by any other processes within the TSE TDPM, this would be considered a 

critical weakness. Minor weaknesses will also be identified. An example of a minor 

weakness is the incorrect ordering sequence of process events.  The findings of the TSE 

TDPM observations are provided to the Pattern Finding Process. 

4.4.1.2 Perform SoS Technical Development Observations 

The goal of this task is to determine the requisites in prescribing the technical 

development effort to engineer a SoS. The requisites are determined by understanding the 

needs and constraints for a successful SoS technical development effort. The needs and 

constraints are used to establish the SoS-Wide and SoS-Constituent requirements sets. 

The SoS Technical Development Observation process is depicted in Figure 4-3.The 

findings from this task will be provided to the Pattern Finding Process.   
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4.4.1.2.1 Perspective   

An observation perspective is established to optimize the elicitation of the needs and 

constraints from SoS literary sources.  Optimization will be achieved by implementing a 

focus and strategy to conduct the observation as identified by Haverty et al. [40].  

The focus provides direction and is attained by identifying the technical development 

areas to observe. The technical development areas distinguish the individual entities that 

form the SoS TDE.   

The technical development areas were selected from CMMI-DEV 1.2’s list of twenty-

two process areas. [29] CMMI-DEV 1.2 was selected as the source of the technical 

development areas for its status as a widely used TSE process improvement model used 

in evaluating and improving implemented product development processes. The selected 

technical development areas consist of: 

1.  Requirements Development (from engineering processes group) 

2.  Requirements Management (from engineering processes group) 

3.  Technical Solution (from engineering processes group) 

4.  Product Integration (from engineering processes group) 

5.  Verification (from engineering processes group) 

6.  Validation (from engineering processes group) 

7.  Configuration Management (from support group) 

Engineering was also added to cover the breath of the entire technical development 

effort. Project Management was also added to encompass all aspects of managing the 

technical development effort. The selected technical development process areas names 
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provides sufficient level of abstraction when the focus in on the technical development 

effort.  

The strategy provides a plan of action to elicit the needs and constraints for successful 

SoS technical development. The plan of action uses the technical development areas to 

form an understanding of the preconditions for the SoS technical development effort.    

The selected strategy to elicit the requisites in prescribing the technical development 

effort to engineer a SoS is one of a pursuit approach to search for the needs and 

constraints for successful SoS technical development. The pursuit approach will use the 

selected set of technical development areas to elicit the needs and constraints for a 

successful SoS technical development effort. 

4.4.1.2.2 Methodology   

An observation methodology is established to achieve quality in the elicitation of 

needs and constraints from SoS literary sources.  Quality will be achieved by 

implementing a structured approach to conduct the observation as identified by Haverty 

et al. [40]. 

 The structured approach provides organization in the capture and recording of the 

observed information. The collection and recording of the observed information will be 

organized by the established technical development areas that provide focus to the 

observation.  

The selected strategy to elicit the technical development requisites is one of a pursuit 

approach to search for the needs and constraints in SoS technical development. The 

pursuit approach will use the selected set technical development areas to form and 

understanding of the needs and constraints in SoS technical development.    
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4.4.1.2.3 Observation   

An observation will be performed with relevant SoS literature. The observation will 

adhere to the observation perspective and observation methodology. The observation will 

use multiple literary sources of SoS literature to support a triangulation strategy use to 

validate the findings from this task as identified by Leedy and Ormrod [41].  A goal for 

the observation task is to observe twenty-five different literary sources on the subject of 

SoS.  

A minimum sample size set of 250 data elements will be required. This minimum 

sample size is sized by using the rule of thumb of ten times the number of variables to be 

identified. [42]  In this case, 25 requirements (variables) is the estimated number of 

requirements needed to characterize the requisites of a successful SoS technical 

development effort.    

The use of a data capture tool (Microsoft® Excel spreadsheet software) establishes 

the means to provide a structured approached in capturing and recording the observed 

information.  The data elements of interest include the needs and constraints of the SoS 

technical development effort.  A row on the data spreadsheet represents a single entry for 

the need or constraint.  The columns would be used to provide additional information 

specific to the entry.  A Microsoft® Excel spreadsheet will be developed with columns 

for: 

1.  Need for SoS technical development effort 

2.  Constraint in SoS technical development effort 

3.  Technical development area 

4.  Source 
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5.  Page of source 

Each spreadsheet row entry identifies the need or constraint and its technical 

development area. The literary source of the need or constraint is also captured to provide 

traceability back to the originating document source. 

The result of the observation is a Microsoft® Excel spreadsheet that identifies SoS 

technical development needs and constraints.   

4.4.1.2.4 Observation Findings   

The captured and recorded SoS technical development needs and constraints data set 

is analyzed to create a SoS-Wide requirement set and a SoS-Constituent requirement set. 

The requirements sets are created by analyzing the data set from two separate 

perspectives: 

1.   Outside Looking In. SoS-Wide is the point of reference in the analysis and places 

emphasis on the external forces affecting the CS technical development effort.   

2.   Inside Looking Out. SoS-Constituent is the point of reference in the analysis and 

places emphasis on the internal forces affecting the CS technical development 

effort.    

Requirements development involves interpreting each need and constraint from the 

two perspectives, one perspective at a time. The following is the six-step process to 

develop each requirement on a Microsoft® Excel spreadsheet:   

The collected data element is analyzed from the appropriate perspective.  

Requisite impact areas are assigned and documented. The impact area is used as the 

seed groups in the cluster analysis and was identified during the literature review. 

1.  Collaboration 
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2.  Conflict 

3.  Direction 

4.  Emergent Behavior 

5.  Evolution 

6.  Flexibility 

7.  Technical Focus 

8.  Technical Management 

A requirement is created to represent the requisite by: 

1.   Including the term “shall” in the requirement to express the binding of the 

requisite to the required technical development characteristic. 

2.   Binding will be assigned base on the appropriate perspective (SoS-Wide or 

SoS-Constituent). 

3.   Making the requirement sufficiently descriptive and concise to enfold the 

requisite. 

4.   Documenting the intent and justification for the requirement. 

5.   When an encountered data element has a requisite and category that is 

equivalent to a previously analyzed requisite, the equivalent previously 

analyzed requirement will be used. 

6.   Re-evaluate and adjust the assigned impact area as needed. 

7.   Verify that each requisite has an assigned requirement. 

8.   Assign a characterization area. [43]  

a.   Functional (i.e., what the system must do) 

b.   Performance (i.e., how well the system or function must perform)  
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c.   Constraint (i.e., limitation on the design or construction of the system) 

d.   Verification (i.e., acceptance or test constraints)  

The newly created SoS-Wide and SoS-Constituent requirements sets are required to 

undergo cluster analysis to group the requirements by similarity and to provide the means 

to ensure the uniqueness of each requirement.  Cluster analysis of the requirements is 

performed by utilizing the pivot table tool of Microsoft® Excel. The Leisa et al. [44] 

cluster analysis process methodology is as follows:  

1.   A requirement set from the appropriate perspective is selected.  

2.   The wording of each requirement is checked for equivalency, merged when 

appropriate and documented (intent and justification). Requirements with similar 

wording are consolidated. 

3.   The uniqueness of each requirement is checked. Similar cluster grouping are 

adjusted and re-checked as needed until the set of requirements are unique. 

4.   The requirements are broken down into similar impact areas.  

5.   Convergence of the requirements is observed to check the credibility of the 

requirement data set. 

This process provides the means to perform a cluster analysis of the requirements to 

identify unique SoS-Wide and SoS-Constituent requirement sets.  The results represent a 

group of requirements, converged by equivalency and clustered by similarity.  The 

requirements sets are passed onto the Pattern Finding Process.  

4.4.1.3 Perform SoS-Wide Conceptual Process Model Observation  

The goal of this task is to determine the character of the SoS-Wide CPM in 

prescribing the technical development effort to engineer a SoS. The character of the SoS-
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Wide CPM is determined by understanding and evaluating its features and traits.  The 

features and traits are used to establish the character baseline of the SoS–Wide CPM. The 

SoS-Wide CPM observation process is depicted in Figure 4-4.The findings from this task 

will be provided to the Pattern Finding Process.   
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4.4.1.3.1 Perspective   

An observation perspective is established to optimize the elicitation of the features 

and traits from the SoS-Wide CPM. Optimization is achieved by implementing a focus 

and strategy to conduct the observation as identified by Haverty et al. [40].  

The focus provides direction and is attained by defining a common set of process 

model formalisms for the observation. The formalism is the means to comprehend and 

describe the representation of the SoS-Wide CPM as it prescribes the technical 

development effort to engineer a SoS.   
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The same formalism described in paragraph 4.4.1.1.1 will be utilized in the 

observance of the SoS-Wide CPM.  

The strategy provides a plan of action to elicit the SoS-Wide CPM. The plan of action 

uses the formalisms to form an understanding of the SoS-Wide CPM’s attributes that 

prescribe the technical development effort.    

The selected strategy to elicit the character of the SoS-Wide CPM is one of a pursuit 

approach to search for the features and traits used to prescribe the technical development 

effort. The pursuit approach will use the selected set of formalism in its described order 

to elicit the SoS-Wide CPM features and traits. 

4.4.1.3.2 Methodology   

An observation methodology as described in paragraph 4.4.1.1.2 will be used.    

4.4.1.3.3 Observation   

An observation will be performed on the SoS-Wide CPM. The observation will 

adhere to the observation perspective and observation methodology.  The SoS-Wide 

CPM is described in detail in the DoD Systems Engineering Guide for System of Systems 

and is identified as “Core SoS SE Elements”. [5]    

During the collection, the captured information is checked for sufficiently rich 

discussion at a comparable level of the observed information to establish credibility in the 

elicited results as identified by Leedy and Ormrod [41].   

4.4.1.3.4 Observation Findings   

An individual analysis will be performed on SoS-Wide CPM’s recorded visual 

interpretation commentary. The primary focus of the analysis is the identification of 
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features and traits of SoS-Wide CPM to prescribe the technical development to engineer 

a SoS. The secondary focus is to identify weaknesses in the prescription of the technical 

development effort.   

The recorded visual interpretation commentary data is also used to establish a 

character baseline SoS-Wide CPM.  Weaknesses in the SoS-Wide CPM will be 

identified.  The findings of the SoS-Wide CPM observation are provided to the Pattern 

Finding Process. 

4.4.2 Pattern Finding Process 

The pattern finding process searches for degradation patterns in the assembled data 

sets. The degradation patterns are represented by weaknesses in character of the process 

models and requirements that hinder the technical development effort.    

4.4.2.1 Perform Analysis of Assembled Data Sets 

The goal of this task is to identify degradation patterns in candidate TSE TDPMs in 

conforming to the SoS technical development environment. Multiple sources of data are 

used in the analysis to glean common themes and/or requisites between the four types of 

assembled data sets. The assembled data sets include:  

1.   SoS-Wide requirement set 

2.   SoS-Constituent requirements set 

3.   Candidate TSE TDPMs character 

4.   SoS CPM character  

The use of multiple sources of data in the analysis covers the broad SoS technical 

development environment. The analysis seeks to identify converging themes and/or 
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requisites that degrade the candidate TSE TDPM ability to conform to the SoS technical 

development environment.     

4.4.2.2 Perform Pugh Matrix Analysis 

The goal of this task is to identify degradation patterns in candidate TSE TDPMs in 

conforming to the SoS-Constituent requirements set.  Each of the five candidate TSE 

TDPMs is evaluated in its ability to satisfy each SoS-Constituent requirement. The 

evaluation has a two-fold purpose. 

1.   Rank each candidate TSE TDPM by its overall performance in its ability to satisfy 

the SoSE TDPM requirements set. 

2.   Evaluate each candidate TSE TDPM in satisfying each SoSE TDPM requirement. 

A TSE TDPM impediment is identified when the candidate TSE TDPM’s character 

fail to satisfy a SoS-Constituent requirement.   

A Pugh matrix is utilized to rank each candidate TSE TDPM by evaluating its ability 

in satisfying each SoSE TDPM requirement. The Pugh matrix is utilized as a decision-

tool that evaluates and prioritizes a list of options (i.e. TSE TDPM character) against a set 

of criterion (i.e. SoS-Constituent requirements). [45] 

A criterion rating scale of non-compliant (value of 1), partial-compliant (value of 2) 

and compliant (value of 3) is used to evaluate the TSE TDPM’s character in fulfilling 

each SoS-Constituent requirement. TSE TDPM evaluation results with a partial-

compliant and non-compliant rating are recognized as degradation. The Pugh matrix 

rating results are further analyzed for level of impact during the Perform Level of Impact 

Cluster Analysis. 
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4.4.2.3 Perform Level of Impact Cluster Analysis 

The goal of this task is to determine the level of impact of the TSE TDPM 

degradation patterns.  Each impediment is analyzed to determine its level of impact in 

prescribing the technical development effort.  A cluster analysis will be utilized to group 

the impediments into similar level of impact categories. A partitioning method of cluster 

analysis is utilized and follows the supposition that each cluster is different from every 

other cluster and that no higher level organization that can group the clusters together. 

[42]  

The determination of the tentative level of impact clusters follows the notion from 

Norman and Steiner [42] in which the “determination can be made on the basis of 

intuition, prior knowledge,…”. [42] The determination is used as an initial starting point 

to form “the nuclei or seed” of clusters and expanded later, if needed. [42]  

This study selects a set of three tentative levels of impact clusters as initial seeds for 

the level of impact cluster analysis:  

1.   Shortfall. The technical development effort of the SoS-Constituent system is 

obstructed or hindered. 

2.   Implementation detail. The technical development of the SoS-Constituent system 

is not obstructed or hindered and provides a method in prescribing the technical 

development effort. 

3.   Development philosophy. The technical development of the SoS-Constituent 

system is not obstructed or hindered and provides principles in prescribing for 

technical development effort. 
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Additional impact areas will be identified and utilized during the level of impact 

cluster analysis. Impediments with a shortfall level of impact are provided to the 

Hypotheses Generation Process for further analysis.   

4.4.3 Hypotheses Generation Process 

The hypotheses generation process generates an explanation of the discrepancies in 

using the candidate TSE TDPM to prescribe the technical development effort to engineer 

a CS.   

4.4.3.1 Perform Discrepancy Cluster Analysis 

Identified impediments that were categorized with a shortfall level of impact are 

further analyzed utilizing the partitioning method of cluster analysis to identify the 

similarities of the shortfall. This study selects a set of five tentative discrepancy clusters 

as initial seeds for the discrepancy cluster analysis:  

1.   Duality in the TDPM. The TDPM will be required to prescribe two types of 

specialized technical development efforts (transform and advance).   

2.   Dynamic Technical Development. SoS requirements will be dynamically 

changing which will require specialized technical development to adjust with the 

desired technical changes. 

3.   Emergent Behavior Technical Development. The interactions between SoS-

Constituent systems will require specialized technical development to detect, find 

utility, implement and test emergent behavior. 

4.   Collaborative Technical Development. Specialized technical development is 

required to provide collaboration between the SoS-Constituent systems and SoS-

Wide.  
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5.   Requirements Management in the Technical Development. Specialized 

requirements management is required to provide additional monitoring, 

accountability and verification/validation planning and execution.  

The result of the discrepancy cluster analysis identifies specific discrepancies in using 

the candidate TSE TDPMs in technical development of a CS. 

4.4.3.2 Perform Prospective Survey One 

The goal of this task is to acquire confirmation that the research identified 

discrepancies are present in the candidate TSE TDPMs. Confirmation is achieved 

administrating a survey to a select group of subjects and analyzing its results.  A 

prospective survey [42] will be used to confirm the presence of the TSE TDPM 

discrepancies.  The purpose of prospective survey one is to confirm the research 

identified discrepancies.   

An online survey method will be selected for its ability to “easily create assessment 

instruments, distribute to potential respondents, gather and have access to the resulting 

data.” [46] Online survey provider SurveyMonkey.Com® was selected for its security, 

flexibility and available design features to create survey instruments.  

4.4.3.2.1 Survey One Instrument 

The survey instrument consists of two main sections. Section 1 consists of collecting 

demographic information to capture the social statistics of the subject group. 

Demographic information to be collected includes: 

1.   Contact information 

2.   Gender 

3.   Age 
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4.   Education level 

5.   Attendance or completion of SE course or program of study 

6.   Area in which SE is practiced (academia, government or industry) 

7.   Years of SE experience 

8.   Participation in SoS technical development 

9.   Authorship on the subject of SoS technical development 

10.   Most familiar SE specification   

Section 2 consists of collecting attitude information to capture the subject’s 

disposition on the research identified discrepancies. The research identified discrepancies 

will be presented to the subjects in such manner as to not expose its relationship with CS 

or SoS technical development. The survey questions are posed to identify the presence or 

non-presence of functionalities in the candidate TSE TDPMs. The functionalities directly 

correlate to the research identified discrepancies.  The number of section 2 survey 

questions will be dependent upon the number of research identified discrepancies 

detected during the Pattern Finding Process.   

Survey logic will be incorporated to provide the means to customize the survey (i.e. 

diagrams, etc…) for each of the TSE TDPM. This requires a question for the subject to 

identify a single TSE TDPM of choice at the start section 2 of the survey.   

A Likert Scale will be utilized in section 2 of the survey. The use of a Likert Scale 

provides a technique to measure the subject’s attitude on the presence or no-presence of 

functionalities within the candidate TSE TDPMs.  

The completed survey instrument will be distributed to a select group of individuals 

for evaluation as a data collection tool. 
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4.4.3.2.2 Subjects 

 Domain experts in SE and TSE TDPM will be identified during the Pattern Finding 

Process. The criterion for the final selection of the survey subjects include: 

1.   Knowledgeable in TSE TDPM principles and prescriptive nature. 

2.   Utilized TSE TDPM in practice.  

3.   Working knowledge in SE technical development practices. 

SoS or SoSE knowledge is not a criterion in the selection of the prospective survey 

one. The area in which SE is practiced is also not a criterion in subject selection.  

   A goal of ten or more subjects provides a sufficient sample size of subjects and is 

based on the central limit theorem. Cooke [47] states that “…expert assessments (either 

‘within’ or between experts) will generally be correlated, as they are based on a common 

sources of information.” [47] Expert judgment studies normally utilize between ten 

through fifteen experts.  

4.4.3.2.3 Validity 

 Statistical software package SPSS® Statistics 17.0 will be utilized in the analysis of 

prospective survey one collected data.  A manual check will be performed on the 

collected data to ensure that all survey questions are answered. Incomplete surveys will 

be removed from the analysis process.  

Section 1 data will analyzed on an individual question basis using SPSS® Statistics 

17.0  software’s Analyze: Descriptive Statistics features of: Frequencies and 

Descriptives. Statistics and graphical displays of the survey demographics will be 

collected and incorporated in the research results section of the study. 
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Section 2 data will be analyzed on an individual question basis using SPSS® 

Statistics 17.0 Analyze: Descriptive Statistics features of: Frequencies and Descriptives.  

The following statistical analysis will be performed on a per individual question basis 

(ordinal data) [48]: 

1.  Identify the Central Tendency of the Distribution.  

a.  Identify the mode. 

b.  Identify the median and mean. 

i. Note: Median provides a more accurate measure of the distribution for 

ordinal data.  

ii.  Mode indicates the most frequent occurring choice. 

iii.  Mean is the mathematical average of the distribution. 

2.  Dispersion (Variability) 

a.  Identify the range. 

i. Range indicates the spread of the distribution. 

b.  Identify the inter-quartile range. 

i. Inter-quartile range represents the central portion of the distribution and is 

appropriate for skewed data sets. 

3.  Identify the Shape of Distribution  

a.  Generate a bar chart.  

i. Visually represents measure of central tendency. 

b.  Generate a box and whiskers chart. 

i. Visually represents dispersion. 

c.  Identify the mode, median and mean. 
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i.  Sequence of mode, median and mean reflects the skewness of the 

distribution. 

4.4.3.3 Develop Discrepancy Solution Task 

Each confirmed TSE TDPM discrepancy is analyzed for comprehension and clarity.  

Based on the analysis, a solution will be developed that satisfies the discrepancy. The 

criteria for an acceptable developed solution are: 

1.  Minimal impact to the basic character of the TSE TDPM. 

2.  Corrects or fulfills the discrepancy need. 

3.  Successfully analyzed in contrast to the unsatisfied survey question. 

4.4.3.4 Perform Prospective Survey Two 

The goal of this task is to acquire confirmation of each research developed 

discrepancy solution. Confirmation is achieved by administrating a survey to a select 

group of subjects and analyzing its results.  A prospective survey [42] will be used to 

confirm that each solution corrects the appropriate discrepancies.   The same online 

survey method as in prospective survey one will be used.  Demographic information 

collected in prospective survey one will be re-used by matching IP address/email.  

4.4.3.4.1 Survey Instrument Two 

Demographic information collected in prospective survey one will be re-used by 

matching IP address/email address.  

Prospective survey two consists of collecting attitude information to capture the 

subject’s disposition on the research identified discrepancy solutions.  The number of 
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survey questions will be dependent upon the number of confirmed discrepancies detected 

identified as part of prospective survey one. 

Survey logic will be incorporated to provide the means to customize the survey (i.e. 

diagrams, etc…) for each of the TSE TDPM. This requires a question for the subject to 

identify a single TSE TDPM of choice.   

A Likert Scale will be utilized in this survey. The use of a Likert Scale provides a 

technique to measure the subject’s attitude on the presence or no-presence of 

functionalities within the candidate TSE TDPMs 

4.4.3.4.2 Subjects 

The same domain experts utilized in prospective survey one will be utilized. The 

subjects are described in paragraph 4.4.3.2.2. 

4.4.3.4.3 Validity 

The same validity method identified in paragraph 4.4.3.2.3 will be utilized. The 

results of prospective survey two are provided to the Addressing the TSE TDPM CS 

suitability Conjecture task. 

4.4.4 Addressing the TSE TDPM CS Suitability Conjecture   

 The findings from the four sub-problem areas are evaluated to determine is sufficient 

evidence for proof was secured to refute the TSE TDPM CS suitability conjecture.  

The primary proof being sought is the corresponding confirmed discrepancy/solution 

results from prospective survey one and two. Both the discrepancy/solution uses survey 

validation and provides adequate proof that the discrepancy and its solution are 

acceptable by the SE process experts. 
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Additional findings identified by the other sub-problems areas are not suitable proof 

due to the absence of a validity method with SE process experts. These findings are 

considered weaknesses in the TSE TDPM.
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CHAPTER 5 - RESEARCH RESULTS 

In this chapter, the research findings are discussed. Section 5.1 discusses the Data 

Gathering Process findings. Section 5.2 discusses the Pattern Finding Process findings. 

Section 5.3 discusses the Hypothesis Generation Process Findings.    

5.1 Data Gathering Process 

5.1.1 TSE TDPMs Observations   

5.1.1.1 ANSI/EIA 632-2003 TDPM 

ANSI/EIA 632-2003 TDPM prescribes the technical development effort to engineer 

an IS by using processes to Define, Solve, Realize and Evaluate the IS.  

5.1.1.1.1 Abstraction Structure 

ANSI/EIA 632-2003 TDPM uses a three-tier abstraction structural level that 

organizes the development effort. The abstraction structural levels are depicted in 

Appendix A. [26]  The abstraction structural level includes: 

1.  Process Groups 

2.  Processes 

3.  Process Requirements  

The Process Groups are used to organize the process model into functional 

development areas. The Processes is another level of organization within the TDPM 

Process Groups. The Process Requirements stipulates the tasks and expected outcomes 

for the Processes.  



67 

 

The TDPM abstraction structure reveals that the Process Requirements stipulates 

the tasks in prescribing the technical development effort and to equate the execution 

results with an expected outcome.   

5.1.1.1.2 Development Activity 

It was determined that ANSI/EIA 632-2003 lacks a temporal diagram that depicts the 

processes model execution sequence for each of the three abstraction structural levels. A 

diagram was created and will be discussed at the Process Requirements abstraction level. 

At the Process Group abstraction level, the process model’s primary activity is 

Define, Solve, Realize and Evaluate. This ordinal flow pattern forms a linear process 

sequence for prescribing the technical development effort.    

In observing the Process abstraction level, it was observed that the Process ordinal 

flow pattern is temporally skewed. The Requirement Validation Process is out of 

sequence. In Appendix A, the Requirements Validation Process is shaded in column two 

to identify its improper placement. Its proper position is after the Requirements Definition 

Process.   

At the Process Requirements abstraction level, the temporally skewed ordinal flow 

pattern expands to include additional requirements. A total of nine Process Requirements 

are temporally skewed. In Appendix A, the Process Requirements are shaded in column 

three to identify its improper placement.   

A Process Requirements sequence diagram was created to provide a visual 

representation of the process model. Process artifacts were included in the diagram. The 

diagram was validated against ANSI/EIA 632-2003. A resolution path was identified and 

incorporated into the diagram. The resolution path is an action loop to re-perform 
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previously executed Process Requirements and allows for issues to be corrected while 

adhering to the development sequence. The Process Requirements sequence diagram is 

depicted in Figure 5-1. 

An observation of the Process Requirements sequence diagram reveals that two types 

of process flows exist at the Process Requirements abstraction level: ordinal and imposed 

process flows. 

An ordinal process flow is composed of the requirement identifiers within the shaded 

boxes of Figure 5-1. The ordinal process flow is the principal path for prescribing 

development for designing and realizing the system.  
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The imposed process flow is composed of requirement identifiers within the 

parentheses of Figure 5-1. These Process Requirements are imposed onto the ordinal 

process flow Process Requirements.  The impose process flow influences the 
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development by appraising and providing evaluation on the developmental by-products 

as well as the system in various stages of development.  

The imposed process flow at the Process Group abstraction level represents the 

Evaluate Process group. Both process flows operate in unison to prescribe the technical 

development effort.  A refined sequence diagram was created to provide an organized 

process model overview and is depicted in Figure 5-2.  
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5.1.1.1.3 Development Patterns  

The ordinal and imposed process flow patterns were previously identified in 

paragraph 5.1.1.1.2.  

 A cluttering of imposed Process Requirements is another pattern that is visually 

identifiable. These imposed requirements are applied to the ordinal process flow and is 

evident at the Requirement Definition Process (requirement identifier 14, 15, and 16) and 

Solution Definition Process (requirement identifier 17, 18, and 19). A smaller clutter of 
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imposed Process Requirements is applied to the Implement Process (requirement 

identifier 20) and Transition to Use Process (requirements identifier 21). 

An overall development pattern can be identified as Define, Solve, Realize and 

Evaluate. Where the Define, Solve and Realize are the ordinal process flow and the 

Evaluate is the imposed process flow. 

At the Process Requirements abstraction level, it was observed that imposed Process 

Requirements’ tasks related to planning are skewed in time. The planning tasks should 

occur earlier in time and not immediately preceding the task execution. The skewed 

planning items are Design Solution Verification (requirement identifier 30) and End 

Product Verification (requirement identifier 31) and Enabling Product Readiness 

(requirement Identifier 32) these Process Requirements are bolded in Appendix A, 

column 3. 

5.1.1.1.4 Development Approach 

The TDPM utilizes a one-pass development approach. An action loop is provided to 

resolve issues during the one-pass approach. This is depicted in the ordinal and imposed 

process flows of Figure 5-2. 

The TDPM is implementable as a single pass development or incremental 

development process model. During both implementation types, development 

information is captured and stored in an information database. The TDPM does not call 

out the use of the data stored from previously incremental runs as a means to re-use or 

improved previously developed developmental artifacts. 

At the system life cycle level, the process model is executable in all phases in the 

system development cycle.   
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5.1.1.1.5 Development Technique 

It was ascertained that ANSI/EIA 632-2003 TDPM uses an entity-relationship 

association, as defined by Krogstie [26],  to prescribe the technical development effort. 

The entities for TDPM are the requirements, solutions and products. The TDPM forms 

relationships between the processes and the entities. Requirements are then levied on the 

processes by the TDPM; in-turn the entities are developed adhering to the requirements. 

Figure 5-3 depicts the ANSI/EIA 632-2003 entity-relationship. 
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The TDPM places emphasis in the transformation of the entities from requirements-

to-solutions and solution-to-products. The entity-relationship association is the 

foundation for a structural process model. The structural process model has a focus on the 

product being developed. 

The processes in the ordinal process flow are assigned names that reflect an 

anticipated product action. These names can be summarized. At the Process Group 
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abstraction level, the product is Defined, Solved, Realized and Evaluated. At the process 

abstraction level, the product is developed by defining its requirements, defining a 

solution, implementing the solution and finally transitioning the product for use.  

The product model utilizes a framework of requirements that define the requisites for 

the anticipated product action. These requisites are characterized by represented tasks and 

expected outcomes. 

It can be concluded that ANSI/EIA 632-2003 TDPM is product-oriented development 

approach and is classified as a structural process model.    

5.1.1.2 CMMI-DEV 1.2 TDPM 

CMMI-DEV 1.2 TDPM prescribes the technical development effort to engineer an IS 

by using processes for requirements development, technical solution, product integration, 

verification and validation. CMMI-DEV 1.2 TDPM is not actively used to develop 

systems. It is an evaluation process model used to improve technical development 

processes utilized in industry. [29]  CMMI-DEV 1.2 TDPM was included as a candidate 

process model for its usefulness as an evaluation process model to gauge TDPM 

effectiveness. 

5.1.1.2.1 Abstraction Structure 

CMMI-DEV 1.2 TDPM uses a three-tier abstraction structural level that organizes the 

development effort. The abstraction structural levels are depicted in Appendix B. [29]  

The abstraction structural level includes: 

1.  Process 

2.  Specific Goal 

3.  Specific Practice 
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The Process is used to organize the process model into functional development areas.  

CMMI-DEV 1.2 [29] identifies the need of Specific Goals: 

“Specific Goals is a required model component and is used in appraisals to help 
determine whether a process area is satisfied.” [29]  

 
The Specific Practice stipulates the expected activity that is important to achieve the 

specific goal.  

The TDPM abstraction level reveals a Process-Goal-Practice structure that allows an 

evaluation method of development processes. 

5.1.1.2.2 Development Activity 

CMMI-DEV 1.2 [29]  provided a process model sequence diagram and it is depicted 

in Figure 5-4.     
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At the process abstraction level, the process model’s activity is requirements 

development, technical solution and production integration. This ordinal flow pattern 

forms a linear process sequence for developing a system.   

An impose process flow is applied to the ordinal process flow and is bi-directional.  

The imposed process execution flow influences the development by appraising and 

providing evaluation feedback of the development by-products as well as the system in 

various states of the development. The impose process flow consists of the Verification 

and Validation processes onto the Requirements Development, Technical Solution and 

Production Integration processes. 

The alternative solutions process flow provides technical solution feedback that 

impacts the Requirements Development effort. The alternative solutions feedback process 

flow is from the Technical Solution process to the Requirements Development process.  

The requirements management process flow provides a path to apply the 

requirements to the entire process model. The requirements management process flow is 

from the Requirements Development process to the Requirements Management process 

then applied to the entire process model.  

5.1.1.2.3 Development Patterns  

The ordinal, imposed, alternative solutions and requirements management process 

flow patterns were identified in paragraph 5.1.1.2.2.  

An overall development pattern can be identified as Define, Solve, Realize and 

Evaluate. Figure 5-4 identifies the Define, Solve and Realize development pattern. The 

Define, Solve and Realize are the ordinal process flow and the Evaluate is the imposed 

process flow. 
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5.1.1.2.4 Development Approach 

The TDPM utilizes a one-pass development approach. The imposed and alternative 

solution process flows are available flow paths to resolve issues during the one-pass 

approach by reapplying processes.    

 At the program or project level, the process model is implementable as a single pass 

development or incremental development. During both implementation types, 

development information is documented. The process model does not call out the use of 

the data stored from previously incremental runs as a means to re-use or improved 

previously developed developmental artifacts. 

At the system life cycle level, the process model is defined is executable in all phases 

in the system development cycle.   

5.1.1.2.5 Development Technique 

The goal of CMMI-DEV 1.2 TDPM is to evaluate the processes to develop a system. 

[29] This process model utilizes a product-oriented approach to develop a system. The 

product-oriented approach utilizes a structural process model that is focused on the 

product (system). The product-oriented approach is evident with the naming of the 

processes and the assignment of goals to the processes. 

The processes within the ordinal process flow are assigned names that reflect an 

anticipated product action. These names can be summarized. At the process abstraction 

level, the product is developed by defining its requirements, defining a technical solution, 

and implementing.   
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The product model utilizes a framework of goals that define the anticipated product 

action. These goals are met by adhering to specific practices and generating informative 

work products. 

It can be concluded that CMMI-DEV 1.2 TDPM is product-oriented development 

approach and is classified as a structural process model.    

5.1.1.3 IEEE STD 1220-2005 TDPM 

IEEE STD 1220-2005 TDPM prescribes the technical development effort to develop 

specifications, baselines and documents that represent the IS and are used by external 

processes to realize the system. The TDPM incorporates processes that Define, Solve and 

Evaluate specifications, baselines and documents that represent the IS. The TDPM is the 

Systems Engineering Process (SEP). The TDPM does not include a Realize process to 

elaborate the system from design into actual existence. The TDPM also lacks the 

associated activities to Evaluate an actual system. The IEEE STD 1220-2005 [28] 

activities include:  

1.  Requirements development 

2.  Requirements validation 

3.  Functional analysis 

4.  Functional verification 

5.  Synthesis 

6.  Design verification 

7.  Systems analysis 

8.  Control  

 



77 

 

 

5.1.1.3.1 Abstraction Structure 

IEEE STD 1220-2005 TDPM uses a two-tier abstraction level structure level that 

organizes the development effort. The abstraction level structure is depicted in Appendix 

C. [28]  The abstraction structural level includes: Sub-process and Tasks. The sub-

process is used to organize the model into functional development areas. The tasks are 

used to identify the action to perform to satisfy the sub-process. 

5.1.1.3.2 Development Activity 

The eight sub-processes are arranged into three sub-process execution flows: ordinal, 

systems analysis and control.  The three sub-process execution flows operate in unison to 

elaborate the four baselines outputs. The four baselines utilized in IEEE STD 1220-2005 

include:  

1.  Requirements 

2.  Functional architecture 

3.  Design architecture 

4.  Specification and configuration 

The ordinal process flow utilized in IEEE STD 1220-2005 consists of the following 

sub-processes:      

1.  Requirements Analysis 

2.  Requirements Validation 

3.  Functional Analysis 

4.  Functional Verification 

5.  Synthesis 
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6.  Design Verification 

This ordinal flow pattern forms a linear process sequence to Define, Solve and 

Evaluate the four baselines. The ordinal sub-process execution flow used by IEEE STD 

1220-2005 are depicted in Figure 5-5.  
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The imposed sub-process execution flow is bi-directional and is applied to/from 

specific ordinal sub-processes (Requirements Analysis, Functional Analysis and 

Synthesis). This bi-directional flow influences the development of the four baselines.  

The control sub-process execution flow is bi-directional and is applied to/from each 

of the eight sub-processes. The control sub-process execution flow influences the 

development by applying technical management functions and receiving developed 

baselines from the sub-processes. 
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5.1.1.3.3 Development Patterns  

The ordinal, imposed, systems analysis and control process flow patterns were 

identified in paragraph 5.1.1.3.2.  

An overall development pattern can be identified as Define, Solve and Evaluate.  

Figure 5-5 identifies the Define, Solve and Evaluate development pattern. It should be 

noted that IEEE STD 1220-2005 TDPM lacks a Realize pattern since no actual physical 

system is constructed. The Define and Solve is the ordinal process flow and the Evaluate 

is the imposed process flow. 

5.1.1.3.4 Development Approach 

The process model utilizes a single-pass development approach. This is depicted in 

the ordinal, imposed and control sub-process flows. The imposed process flow is used to 

resolve issues during the single-pass approach by reapplying the appropriate ordinal sub-

process.    

5.1.1.3.5 Development Technique 

The goal of IEEE STD 1220-2005 TDPM is to develop specifications, baselines and 

documents of the system. The TDPM is a process-oriented process model when used in 

the context of the system life cycle stages. Within the SEP, the sub-processes of the SEP 

are categorized as a structural process model due to its focus on the four baselines as 

depicted in Figure 5-6.  

It can be concluded that IEEE STD 1220-2005 TDPM is process-oriented process 

model.    
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5.1.1.4 IEEE/ISO/IEC 15288-2008 TDPM 

IEEE/ISO/IEC 15288-2008  TDPM prescribes the technical development effort to 

engineer an IS by using processes for:  

1.  Stakeholder requirements  

2.  Requirements analysis  

3.  Architectural design  

4.  Implementation  

5.  Integration 

6.  Verification  

7.  Transition  

8.  Validation  
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5.1.1.4.1 Abstraction Structure 

IEEE/ISO/IEC 15288-2008 TDPM uses a two-tier abstraction level structure that 

organizes the development effort. The abstraction structural levels are depicted in 

Appendix D. [31] The abstraction levels include: process and activities, 

The Process is used to organize the process model into functional areas. The 

Activities are the actions required to satisfy the Process. 

5.1.1.4.2 Development Activity 

 The IEEE/ISO/IEC 15288-2008 provides a process model sequence diagram and is 

depicted in Figure 5-7. [31] 

The TDPM has ordinal process flow that Defines, Solves, Realizes and Evaluates the 

developmental by-products and the system in various stages of development. 

IEEE/ISO/IEC 15288-2008 has no other process flows. All development activities are 

enabled and disabled from the ordinal process flow.   
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5.1.1.4.3 Development Patterns  

It was found that the several TDPM activities do not conform to a chronological 

sequence as indicated by the ordinal execution process flow. The specific activities that 

do not conform to a chronological sequence are associated with a planning activity. These 

are identified in Appendix D [31] and include:  

1.  Plan the Implementation  

2.  Plan  Integration 

3.  Plan Verification 

4.  Plan Transition  

5.  Plan Validation 

The planning activities are to be started earlier in the ordinal execution process flow 

and is not truly represented chronologically.  
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An overall development pattern can be identified as Define, Solve and Evaluate.  

Figure 5-7 identifies the Define, Solve, Realize and Evaluate development pattern. There 

is an ordinal process flow only with the Evaluate intermixed within the flow.   

5.1.1.4.4 Development Approach 

The TDPM utilizes a one-pass development approach and is dependent upon 

iterations of needed processes (within the process execution period) to resolve 

development issues.   

The TDPM functions as a single pass development or incremental development 

process model. During both implementation types, development information is captured 

and stored in an information database. The TDPM does not call out the use of the data 

stored from previously incremental runs as a means to re-use or improved previously 

developed developmental artifacts. 

At the system life cycle level, the process model is executable in all phases in the 

system development cycle.   

5.1.1.4.5 Development Technique 

IEEE/ISO/IEC 15288-2008 TDPM uses a functional process model to prescribe the 

engineering effort. The functional process model is activity driven and is notable in the 

ordinal process flow in which the activities are staged back to back in a sequence. Figure 

5-8 depicts the activity driven approach. [31] 
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5.1.1.5 MIL-STD-499C TDPM 

MIL-STD-499C TDPM prescribes the technical development effort to develop 

specifications, baselines and documents that represent the IS and are used by external 

processes to Realize the system. The TDPM incorporates processes that Define and 

Evaluate specifications, baselines and documents that represent the IS.  The TDPM does 

not include a Realize process to elaborate the system from design into actual existence. 

The TDPM also lacks the activities to Evaluate the actual IS.  

MIL-STD-499C is primary used in the acquisition systems for the DoD and other 

USA government agencies. [30]  MIL-STD-499C defines the systems engineering 

requirements for contractors who are developing IS. The term, “the contractor shall”, is 

used throughout the standard.  Project requirement are also levied to guide efforts during 
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the life cycle of the system. The project requirements are not part of the TDPM. The 

standard also provides requirements for the SEP.  

5.1.1.5.1 Abstraction Structure 

Several discrepancies were found in the visual representation of the SEP.  The 

identified standard discrepancies include: 

1.   MIL-STD-499C’s Figure 4.1 and 4.2 conflicts with each other.   

2.   MIL-STD-499C’s Figure 4.2 partially shows the sub-process groups (Synthesis 

sub-process group and System Analysis and Control sub-process group).  

Synthesis sub-process details (Effectiveness, Cost Schedule, Risk and Evolutionary 

Growth, Design or Physical Solution Verification and Validation) are not associated 

group.   

An abstraction level was created from MIL-STD-499C TDPM description. The four 

levels of abstraction include: 

1.  Sub-process group 

2.  Sub-process 

3.  Sub-process detail 

4.  Product 

The sub-process group, sub-process, sub-process detail and product abstraction levels 

are depicted in Appendix E. [30] 

5.1.1.5.2 Development Activity 

MIL-STD-499C TDPM provided a process model sequence diagram and it is 

depicted in Figure 5-9. [30]   
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This ordinal flow pattern forms a linear sub-process sequence for developing the 

specifications, baselines and documents for the system. The Systems Analysis and 

Control sub-process groups are also present and are discussed at the sub-process level.   

At the sub-process abstraction level, the ordinal flow pattern expands with additional 

detail to pair each analysis activity with a validation activity.  The sub-process ordinal 

flow pattern is the principle path for the development to the five baselines. 

The Systems Analysis sub-process group becomes Tradeoff Analysis sub-process and 

forms the bi-directional imposed flow pattern. The imposed flow pattern is an evaluation 

activity that results in a selection that balances available options with the overall system 

goals. This bi-directional flow influences the development of the five baselines.  

The Control sub-process group expands into SEP Management and Life cycle 

Application activities to form the control flow pattern. The bi-directional control flow 

pattern influences the development by applying technical management functions and 

receiving developed baselines from the sub-processes.  

The three sub-processes process flows operate in unison to elaborate the five 

baselines.  The sub-process detail abstraction level expands the sub-processes into more 

detail; this abstraction level was added to provide organization that the MIL-STD-499C 

lacked in coordinating the visual representation and textual description of the TDPM. 

5.1.1.5.3 Development Patterns  

The development patterns were discussed in paragraph 5.1.1.5.2.  An overall 

development pattern can be identified as Define, Solve and Evaluate.  Figure 5-9 

identifies the Define, Solve and Evaluate development pattern. [30]  It should be noted 

that MIL-STD-499C lacks a Realize pattern since no actual physical system is 
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constructed. The Define and Solve is the ordinal process flow and the Evaluate is the 

imposed process flow. 
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5.1.1.5.4 Development Approach 

The TDPM uses a single-pass approach to develop the solutions. This is depicted in 

the ordinal, imposed and control sub-process flows. The imposed process flow is used to 

resolve issues during the single-pass approach by reapplying the appropriate ordinal sub-

process.    

At the program or project level, the process model is implementable as a single pass 

development that internally uses iterative and recursive operations. During process model 

operations development information is documented. The process model is not used 

incrementally since specifications, baselines and documents are used by the realization 

activity. 
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At the system life cycle level, the process model is executable early in system 

development cycle.    

5.1.1.5.5 Development Technique 

It was also ascertained that within MIL-STD-499C TDPM, an entity-relationship 

technique is used. The entities for TDPM are the requirement, functional, allocated, 

design release and product configuration baselines. The TDPM forms a relationship with 

its processes and the baselines.  Requirements are then levied on the processes by the 

TDPM; in-turn the baselines are developed adhering to the requirements. 

The TDPM places emphasis in the transformation of the baselines from requirements 

to product configuration. The entity-relationship technique is the foundation for a 

structural process model. The structural process model has a focus on the product being 

developed, in this case the baselines. 

The structural process model is evident by the naming convention used at the sub-

process groups; sub-process and sub-process detail abstraction levels. These names 

reflect an anticipated baseline action. It is also evident by the requirements levied on to 

each process. 

It can be concluded that MIL-STD-499C TDPM is internally a structural process 

model and externally a process-oriented process model.  

5.1.2 TSE TDPMs Observations Findings 

5.1.2.1 ANSI/EIA 632-2003 TDPM 

ANSI/EIA 632-2003 is based on a structural-oriented process model with its focus on 

the by-products and products of the development effort (as depicted in Figure 5-3). The 

TDPM has no observable critical weaknesses. A minor weakness exists in the time skew 
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of its planning activities (planning immediately followed by plan execution) at its lowest 

abstraction level. This skewing can be attributed to the functional grouping of similar 

tasks.  This TDPM employs a Define, Solve, Realize and Evaluate development pattern.  

5.1.2.2 CMMI-DEV 1.2 TDPM 

CMMI-DEV 1.2 is based on structural-oriented process model with its focus on the 

by-products and products of the development effort. The TDPM has no observable 

critical weaknesses. The prescription instructions of the TDPM were evaluated and it is 

biased towards evaluating other TDPM. The prescription details are generalized, but 

provide sufficient direction. No time skew issues are present in this TDPM. This TDPM 

employs a Define, Solve, Realize and Evaluate development pattern.       

5.1.2.3 IEEE STD 1220-2005 TDPM 

IEEE STD 1220-2005 is based on a process-oriented process model and has a 

limitation in technical development (refer to Figure 5-6). The TDPM does not develop an 

actual system. This is a critical weakness with the TDPM. IEEE STD 1220-2005 has a 

weak character in prescribing the technical development effort to engineer an IS.  This 

weak character stems from the lack of a Realize process. IEEE STD 1220-2005 is best 

used in the acquisition of system rather than the development of a system. This TDPM 

employs a Define, Solve and Evaluate development pattern.  

5.1.2.4 IEEE/ISO/IEC 15288-2008 TDPM 

IEEE/ISO/IEC 15288-2008 is based on a functional-oriented process model and is 

focused on the execution of activities to develop the product (refer to Figure 5-8). The 

TDPM has no observable critical weaknesses, however weakness exists in the time skew 
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of its planning activities (plan then immediate execute) at a high abstraction level.  This 

TDPM employs a Define, Solve, Realize and Evaluate development pattern.   

5.1.2.5 MIL-STD-499C (Draft) TDPM 

MILS-STD-499C is based on a process-oriented process model and has limitation in 

technical development (refer to Figure 5-6). The TDPM does not develop an actual 

product. This is a critical weakness with the TDPM. MIL-STD-499C TDPM amounts to 

providing the plans, designs or instructions for the systems without constructing the 

system. Base on this critical weakness, MIL-STD-499C has a weak character in 

prescribing the technical development effort to engineer an IS.  This weak character 

stems from the lack of a realization process. This TDPM employs a Define, Solve and 

Evaluate development pattern.  

5.1.2.6 TDPM Conclusions 

ANSI/EIA 632-2003 and CMMI-DEV 1.2 uses a structural-oriented process model 

and are similar. Overall, the structural-oriented process model prescribes technical 

development sufficiently in an IS technical development environment. 

IEEE STD 1220-2005 and MIL-STD-499C uses a process-oriented process model 

and are similar. Overall, the process-oriented process model prescribes technical 

development insufficiently in a IS develop technical environment due to the lack of a 

realization process. 

IEEE/ISO/IEC 15288-2008 uses a functional-oriented process model. Overall, the 

functional-oriented process model prescribes technical development sufficiently in a IS 

technical development environment. 
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Each of the TDPM has the ability to iterate on a development cycle bounds and has 

an evaluation process to check the quality of the development effort.  

Only ANSI/EIA 632-2003, CMMI-DEV 1.2TDPM and IEEE/ISO/IEC 15288-2008 

employs a Define, Solve, Realize and Evaluate development pattern. This pattern can be 

aptly named a “maturate development pattern”. IEEE STD 1220-2005 and MIL-STD-

499C lacks a full development pattern and is deficient in providing a Realize process and 

only provides a partial Evaluate process (actual construction and evaluation of the 

product to be developed is not prescribed). This pattern can be aptly named an 

“embryonic development pattern”. 

5.1.3 SoS-Wide Conceptual Process Model Observation 

An observation of the SoS-Wide CPM was performed. The DoD provides a 

conceptual process for the SoS development effort as depicted in Figure 5-10.  [5]  The 

seven core elements are identified as well as a development interface with the CS. The 

SoS development effort is seen as functioning at two levels. At the upper level is the SoS-

Wide development effort. At the lower level is the SoS-Constituent development effort. 

Figure 5-11 further refines the upper level development effort and reflects a “V” 

shape. In addition, the CS development effort reflects a “V” development effort. The “V” 

development effort corresponds with the “Vee” model utilized to portray the relationship 

between system engineering and the product development cycle. [49]  The “Vee” model 

is comparable to the IEEE/ISO/IEC 15288 TSE TDPM in that it is focused on activities 

that are executed in a sequential sequence. Figure 5-12 identifies the asynchronous 

development cycles between multiple CS. 
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5.1.4 SoS-Wide Conceptual Process Model Observation Findings 

Figure 5-10 was incorporated into Microsoft® PowerPoint. Connector arrows were 

use to replicate the SoS CPM within the Microsoft® PowerPoint slide. Once the 

connections and activity blocks were confirmed as matching, the blocks with attaching 

arrows were moved to corresponding with the processes that make up the TSE TDPM’s 

Define, Solve, Realize and Evaluate process pattern. The rearrangement of the processes 

resulted in the SoS-Wide CPM separated into Define, Solve, Realize and Evaluate process 

areas. This is depicted in Figure 5-13 into the rearrangement of the SoS-Wide CPM 

resulted in the identification of Define, Solve, Realize and Evaluate process patterns. 
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5.1.5 SoS TDE Observations 

An observation was performed adhering to the observation perspective and 

observation methodology.  A total of twenty-five [3-5, 7, 10-11, 14-15, 17-18, 20-21, 50-

62] unique SoS literary sources were observed resulting in the capture and recording of 

236 data elements. It was found that documents created by the entities that focused on the 

practical application, such DoD and CMMI, provided useful information to this research. 

Majority of the literary sources discussion were at the conceptual level and provided a 

SoS-Wide perspective. A SoS-Constituent development perspective was never 

encountered in the literature observed.   
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5.1.6 SoS TDE Observation Findings 

Each of the 236 captured data elements were individually evaluated for clarity, 

completeness and understanding. During each individual evaluation, the data element was 

re-verified for proper assignment as a need or a constraint. At the completion of 

evaluating the 236 data elements (150 needs and 86 constraints), 18 additional data 

elements were added to clarify the several of the data elements. This resulted with an 

adjusted data set of 254 data elements (156 needs and 98 constraints).   

5.1.6.1 SoS-Wide Perspective Analysis 

An analysis from the SoS-Wide perspective was not originally planned, but was 

required.  For this analysis, the SoS-Wide perspective was set as: developing the 

widespread environment so that CS may participate.  

From the SoS-Wide perspective, each of the 254 data elements was individually 

analyzed and a requirement was developed to bind the trait to SoS-Wide technical 

development. A total of 241 requirements (13 data elements applied only to the CS) for 

SoS-Wide technical development.   

A uniqueness clutter analysis was employed and the 241 SoS-Wide requirements 

converged into 26 unique requirements. The Microsoft® Excel pivot table function was 

utilized to analyze the convergence of the data. A manual culling process was required 

for requirements with the same intent, but worded differently or with extra spaces. The 

Microsoft® Excel pivot table function required an actual textual match to identify the 

unique requirements. The analysis results are listed in Appendix F.   

The result of the cluster analysis resulted with the 26 unique requirements clustering 

into six categories: 
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1.  Conflicts 

2.  Define 

3.  Direction 

4.  Emergent Behavior 

5.  Evolution 

6.  Management 

5.1.6.2 SoS-Constituent Perspective Analysis 

For this analysis, the SoS-Constituent perspective was set as developing the CS so 

that it may participate in the widespread environment.  

From the SoS-Constituent perspective, each of the 254 data elements was individually 

analyzed and a requirement was developed to bind the trait to the SoS- Constituent 

technical development.  A total of 192 requirements (62 data elements applied only to the 

SoS-Wide) for SoS-Constituent technical development.   

It was found that the 192 SoS-Wide requirements converged into 38 unique 

requirements. The Microsoft® Excel pivot table function was utilized to analyze the 

convergence of the data. A manual process culling process was required for requirements 

with the same intent, but worded differently or with extra spaces. The analysis results are 

listed in Appendix G.   

It was found that the 38 unique requirements clustered into seven categories: 

1.  Collaboration 

2.  Conflicts 

3.  Direction 

4.  Emergent Behavior 
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5.  Evolution 

6.  Flexibility 

7.  Technical Focus 

The SoS-Constituent requirements and categories were examined. It was determined 

that the seven cluster categories were not at the same abstraction level and were 

reorganized into four distinct technical development areas. The reorganization is depicted 

in Table 5-1. 

������-��������
�����%������
�
��=���� �
SoS-Constituent Cluster Groups Technical Development Areas 
Collaboration Collaboration 
Conflicts Collaboration 
Direction Collaboration 
Emergent Behavior Emergent Behavior 
Evolution Evolution 
Flexibility Evolution 
Technical Focus Technical Focus 

 

The four technical development areas include:   

1.  Evolution  

2.  Emergent Behavior   

3.  Collaboration   

4.  Technical Focus   

The thirty-eight SoS-Constituent requirements were examined for derivation into 

SoSE TDPM requirements. The SoS-Constituent requirements were grouped by 

similarity. Several of the requirements could be consolidated, while others could be 

derived into more specific process model requirements. The derivation was performed 

and the results are provided in Appendix H. The original SoS-Constituent requirements 

are located on the left column and derived SoSE TDPM requirements are in the right 
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column. The responsibility of the requirements was changed from SoS-Constituent to 

SoSE TDPM during the derivation process. Items derived are noted in the left column 

and points to the right. Items consolidated are indicated in the right column and points 

upward to indicate which SoSE TDPM requirements it was consolidated into. The 

derivation process resulted in 41 SoSE TDPM requirements.    

5.2 Pattern Finding Process 

5.2.1 SoS-Constituent Pattern Findings 

5.2.1.1 Pugh Matrix Analysis   

The five TSE TDPM candidates were evaluated in contrast to the forty-one SoSE 

TDPM requirements utilizing a Pugh matrix. The forty-one requirements were clustered 

into the four TDA categories. The evolution and collaboration categories were further 

separated into three subcategories. A Pugh matrix weighted scoring was utilized for the 

TDA areas for an initial compatibility evaluation. Each of the four TDA is equally 

weighted and each of the subcategories is equally rated. A criterion rating scale of non-

compliant (value of 0), partial-compliant (value of 1) and compliant (value of 2) is used.  

The maximum possible weighted score is 100.00. The Pugh matrix scoring results are 

shown in Table 5-2 and Table 5-3. 
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High 
Score 

ANSI/EI
A 632 

CMMI
-DEV 

IEEE 
STD 
1220 

IEEE/ISO/IE
C 15288 

MIL
-STD-
499C 

Evolution 25.00 15.10 15.10 0.00 15.10 0.00 
Emergent Behavior  25.00 6.25 6.25 0.00 6.25 0.00 
Collaboration 25.00 0.00 0.00 0.00 0.00 0.00 
Technical Focus 25.00 9.72 9.72 5.56 9.72 5.56 
Total 100.0 31.07  31.07  5.56 31.07  5.56 
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High 
Score 

ANSI/EIA 
632 

CMMI-
DEV 

IEEE 
STD 
1220 

ISO/IEC 
15288 

MIL-
STD-
499C 

Evolution             
  Duality Development  8.33 5.73 5.73 2.60 5.73 2.60 
  Continual 
Development  8.33 5.21 5.21 4.17 5.21 4.17 
  Flexibility 
Development  8.33 4.67 4.67 3.47 4.67 3.47 
                                   
Total           25.00 15.10 15.10 10.24 15.10 10.24 
Collaboration             
  Accepting direction 8.33 0.00 0.00 0.00 0.00 0.00 
  Technical Changes 8.33 0.00 0.00 0.00 0.00 0.00 
   V & V 8.33 0.00 0.00 0.00 0.00 0.00 
                                  
Total 25.00 0.00 0.00 0.00 0.00 0.00 

 

The Pugh matrix results indicate that the TSE TDPMs are divided into two distinct 

grouping. Group 1 consists of ANS/EIA 632-2003, CMMI-DEV 1.2 and ISO/IEC 15288-

2008.  Group 1 is considered a maturate group due to having the Define, Solve, Realize 

and Evaluate processes. Group 2 TDPM consists of IEEE STD 1220-2005 and MIL-

STD-499C. Group 2 is considered an embryonic group due to missing a Realize 

processes and having a partial Evaluate process. Group 1 rank higher than Group 2.   

The members of Group 1 achieved the same ratings. No decimating factors could be 

identified between the three TSE TDPMs in this group.   

Group 2 is fraught with difficulties stemming from an incomplete TSE TDPM that 

resulted in a poor rating. IEEE STD 1220-2005 and MIL-STD-499C each have an 

incomplete DSR ordinal flow (no end product is Realized and no Evaluation of the end 

product is directed by the TSE TDPM). The separation of the Realize process from the 
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DSR ordinal flow is a concern for SE and SoSE in directing development efforts in a SoS 

TDE. The Realization of a system is an integral part of system development and its non-

inclusion hampers the ability of IEEE STD 1220-2005 and MIL-STD-499C in 

prescribing technical development in a SoSE TDE. The fundamental problem of an 

incomplete DSR ordinal flow requires further study and is not in the scope of this 

research. IEEE STD 1220-2005 and MIL-STD-499C are eliminated as candidates due to 

their inability to support the entire range of technical development required in 

engineering a SoS-Constituent system. 

5.2.2.2 Level of Impact Cluster Analysis 

At the conclusion of the Pugh Matrix analysis, each of the forty-one requirements was 

manually assigned to one of the three levels of impact categories using the following 

criteria: 

1.   Shortfall. The technical development effort is obstructed or hindered if the 

requirement is not met. 

2.   Implementation Detail. The technical development effort is not obstructed or 

hindered and the requirement provides a method in prescribing the technical 

development effort. 

3.   Development Philosophy. The technical development effort is not obstructed or 

hindered and requirement provides principles in prescribing the technical 

development effort. 

  The assigned level of impact categories are incorporated with the Pugh matrix 

results for additional analysis and is represented in Table 5-4.  The disseminating 
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criterion in identifying discrepancy patterns is the inability of the candidate TSE TDPMs 

to fulfill requirement with a shortfall level of impact.   

An analysis of Table 5-4 resulted in the identification of eighteen requirements that 

has the potential to impede the technical development effort. Group 1 candidates TSE 

TDPM fail to meet each of the shortfall requirements (Group 2 TSE TDPM were 

removed as candidates from the Pugh matrix results).  

������-�,����	��%()�&������ �'
�������������
�����
ID ANSI/EIA 

632 
CMMI-
DEV  

IEEE 
STD 
1220 

ISO/IEC 
15288 

MIL-
STD-
499C 

Level of 
Impact  
Category 

1 Partial Partial Non Partial Non Shortfall 
2 Non Non Non Non Non Implementation 
3 Compliant Compliant Non Compliant Non Implementation 
4 Compliant Compliant Non Compliant Non Implementation 
5 Partial Partial Non Partial Non Implementation 
6 Partial Partial Non Partial Non Implementation 
7 Compliant Compliant Non Compliant Non Implementation 
8 Compliant Compliant Non Compliant Non Implementation 
              
9 Compliant Compliant Non Compliant Non Implementation 
10 Partial Partial Non Partial Non Implementation 
11 Partial Partial Non Partial Non Implementation 
12 Partial Partial Non Partial Non Implementation 
              
13 Compliant Compliant Non Compliant Non Implementation 
       
14 Compliant Compliant Non Compliant Non Implementation 
15 Partial Partial Non Partial Non Shortfall 
16 Partial Partial Non Partial Non Implementation 
17 Non Non Non Non Non Shortfall 
18 Non Non Non Non Non Shortfall 
              
19 Partial Partial Non  Partial Non  Shortfall 
20 Partial Partial Non  Partial Non  Shortfall 
21 Non Non Non Non Non Shortfall 
22 Non Non Non  Non  Non  Shortfall 
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ID ANSI/EIA 

632 
CMMI-
DEV  

IEEE 
STD 
1220 

ISO/IEC 
15288 

MIL-
STD-
499C 

Level of 
Impact  
Category 

23 Non Non Non  Non Non  Philosophy 
24 Non Non Non  Non Non  Shortfall 
25 Non Non Non  Non Non  Shortfall 
26 Non Non Non  Non Non  Shortfall 
              
27 Non Non Non  Non Non  Shortfall 
28 Non Non Non  Non Non  Shortfall 
29 Non Non Non  Non Non  Shortfall 
              
30 Non Non Non  Non Non  Shortfall 
31 Non Non Non  Non Non  Shortfall 
32 Non Non Non  Non Non  Shortfall 
              
33 Partial Partial Non Partial Non Philosophy 
34 Partial Partial Non Partial Non Philosophy 
35 Partial Partial Partial Partial Partial Philosophy 
36 Compliant Compliant Partial Compliant Partial Philosophy 
37 Non Non Non Non Non Philosophy 
38 Non Non Non Non Non Philosophy 
39 Non Non Non Non Non Philosophy 
40 Partial Partial Partial Partial Partial Implementation 
41 Partial Partial Non Partial Non Shortfall 

 

5.3 Hypothesis Generation Process 

 5.3.1 Hypothesis 1 Generation/Verification   

5.3.1.1 Discrepancy Cluster Analysis 

The discrepancy cluster analysis separated the requirements into functionality groups 

the remaining candidate TSE TDPMs lack. The eighteen requirements were manually 

assigned a functional area based on reevaluating the need/intent of the requirement.  
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Microsoft® Excel pivot table function was used to perform the cluster analysis based on 

the impact area.  The groups include: duality, dynamics, emergent behavior, collaboration 

and requirements management.  

5. 3.1.1.1 Duality in TDPM Discrepancy 

SoSE TDE Requirement 1 is a functional requisite that the TSE TDPM prescribes 

two types of technical development efforts (while in the support stage of a system life 

cycle):    

1.  Transform a legacy IS into a SoS-Constituent  

2.  Advance the SoS-Constituent as the SoS-Wide evolves 

The transformation technical development effort initially starts in a controlled 

environment (laboratory) and moves into the operational (field) environment for 

verification and validation.  

In the controlled environment, the transformation effort requires the “joining 

together” of a legacy IS with SoS-Wide technical objectives. The transformation effort is 

performed by TSE TDPM and is not an impediment.   

In the operational environment, anomalies (field reports) are sent back the controlled 

environment for resolution and the development effort restarts in the controlled 

environment.  TSE TDPMs currently prescribe these tasks as part of verification and 

validation effort and is not an impediment.  

The advancement technical development effort initially starts in the operational 

environment. The system is operational and in the field. The system is undergoing 

verification and validation or has been transitioned to the operational user (no longer 
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under TSE TDPM direction). Once the verification and validation has completed, the 

system is transferred to the operational user and the TSE TDPM effort has completed. 

While in the hands of the operational user, possible enhancements are detected, 

identified and reported. At this point of the development effort, the TSE TDPM   

currently does not have a process to investigate and understand the possible 

enhancements in the operational environment. Possible enhancements are related to 

emergent behavior or newly identified enhancements while in SoS-Wide operations.  The 

lack of a process to investigate and understand the possible enchantments while the 

system is in an operational environment is an impediment for the TSE TDPMs.  

5. 3.1.1.2 Dynamic Discrepancy 

SoSE TDE Requirement 15, 17 and 18 are functional requisites that the TSE TDPM 

accommodates multiple levels of flexibility to provide a dynamic technical development 

environment. The levels of flexibility are: higher priority design change; updated 

technical design change while the DSR ordinal flow is in progress; and new technical 

design change while the DSR ordinal flow is in progress. 

The inclusion of the multiple levels of flexibility allows the technical development 

effort be robust to employ the different possible technical directions from the SoS-Wide. 

The lack of the multiple level of flexibility is an impediment for the SoSE TDPMs. 

5. 3.1.1.3 Emergent Behavior Discrepancy 

SoSE TDE Requirement 19, 20, 21 and 22 are functional requisites to provide an 

emergent behavior development process. To support SoS-Wide emergent behavior 

development, a predictable and unpredictable emergent behavior technical development 
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methodology is required for the SoSE TDPM.  The lack of an emergent behavior 

methodology is an impediment for the SoSE TDPMs. 

The verification and validation of the emergent behavior requires validation in the 

SoS-Wide operational environment. There is no collaboration development interface with 

the SoS-Wide to coordinate emergent behavior technical development efforts. The lack of 

an emergent behavior collaboration development interface is an impediment for the SoSE 

TDPMs. 

5. 3.1.1.4 Collaboration Discrepancy 

SoSE TDE Requirement 24, 25, 26, 27, 28, 29, 30, 31, and 32 are functional 

requisites to provide a collaboration development interface between the SoSE TDPM and 

the SoS-Wide. The collaboration development interface provides the means to obtain 

direction coordinate development efforts and identify conflicts. The lack of a 

collaboration development interface hinders both the CS and SoS-Wide development 

efforts.   

The development of a CS in isolation during transformation or advancement places 

the development effort in risk of incomplete development requiring rework. Technical 

changes will require ongoing collaboration to resolve developmental issues that may 

arise. 

The lack of a collaboration development interface is an impediment for the SoSE 

TDPMs. 

5. 3.1.1.5 Requirements Management Discrepancy 

SoSE TDE Requirement 41 is a functional requisite to provide additional 

requirements management effort for oversight for monitoring, accountability, verification 
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planning and validation planning. A requirements change (adding, deleting or 

modification) may have a negative impact to SoS-Wide operations.  

A developmental collaboration interface is required to obtain agreement between the 

SoSE TDPM effort and SoS-Wide before any requirements change is made.  This will 

require a new requirements change approval cycle for the SoSE TDPM.  

Requirements pertaining to the legacy IS will require a new methodology for 

verification. The re-verification of legacy requirements will require a screening process to 

identify which legacy requirements are impacted by the transformation or advancement 

effort.  Suggested screening categories include: SoS-Constituent unique, significantly 

changed, verification methodology affected or no impact.    

Requirements verification is required within the SoS-Constituent and SoS-Wide 

operating environment. This will impact requirements verification planning and 

verification execution. Requirements are to be initially verified while the SoS-Constituent 

is operating autonomously. Unsuccessful verification provides a filtering process that 

prevents incomplete development from affecting the SoS-Wide.  Requirements verified 

in the SoS-Wide environment will require a coordinated effort between the SoSE TDPM 

effort and SoS-Wide. Requirements are fully verified after verification has been 

completed in both developmental environments.  

SoS-Wide and SoS-Constituent validation planning is will also be affected. The 

validation effort will require that the CS be validated in the proper developmental 

environment.   

The lack of proper requirements management in the new technical development 

environments is an impediment for the SoSE TDPMs. 
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5.3.1.2 Prospective Survey One 

The discrepancies were further clarified as to remove any ambiguity during the 

confirmation process: 

1.   Duality in the TDPM. The TDPM will be required to prescribe two types of 

specialized technical development efforts (transform and advance).   

2.   Dynamic Technical Development. SoS requirements will be dynamically 

changing which will require specialized technical development to adjust with the 

desired technical changes. 

3.   Emergent Behavior Technical Development. The interactions between SoS-

Constituent systems will require specialized technical development to detect, find 

utility, implement and test emergent behavior. 

4.   Collaborative Technical Development. Specialized technical development is 

required to provide collaboration between the SoS-Constituent systems and SoS-

Wide. 

5.   Requirements Management in the Technical Development. Specialized 

requirements management is required to provide additional monitoring, 

accountability and verification/validation planning and execution.  

5.3.1.2.1 Survey Instrument One 

The development of prospective survey one was challenging at to not expose the 

subjects to SoS technical development areas. In order to avoid direct question on the SoS 

topic, definitions were used to clarify the questions from a non-SoS perspective. The 

definitions used in prospective survey include: 
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1.   Emergent behavior is the appearance of a coherent pattern that arises out of 

interactions among systems that is more than just their summed behavior. 

Emergent behavior may appear as negative/harmful, positive/beneficial, or 

neutral/unimportant. 

2.   Re-engineering of a system is a planned technical development effort to modify, 

modernize, upgrade or improve a legacy system in a specified period 

3.   Advancement of system is an agile technical development effort to detect/monitor 

for new functions/capabilities on a continual on-going basis. 

The completed survey was distributed to non-subjects for evaluation as a data 

collections tool. Feedback was received and changes incorporated.  The prospective 

survey one’s survey instrument is located in Appendix I. 

5.3.1.2.2 Survey One Results: Demographics   

The collected demographic results are provided in Appendix K. A summary of the 

subjects:    

1.  Total Number of Subjects: 16 

2.  Gender (DEM2)    

a.  12.5% female  

b.  87.5% male    

3.  Age (DEM3)  

a.  Mean: 34.25 years old 

b.  Mode: 31.0 years old 

c.  Range: 31 years 

d.  Minimum: 28 years old 
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e.  Maximum: 59 years old 

4.  Education (DEM4A) 

a.  Bachelors degree: 31.3% 

b.  Masters degree: 50% 

c.  Doctorate degree: 18.8% 

5.  Attended or completed a SE course/program (DEM5) 

a.  Yes: 87.5 % 

b.  No: 12.5% 

6.  Systems Engineering Practice (DEM6) 

a.  Academia: 0 % 

b.  Industry: 81.3% 

c.  Government: 18.8% 

7.   Systems Engineering Experience (DEM7) 

a.  Mean: 19.875 years 

b.  Mode: 13.0 years 

c.  Range:  20 years: 

d.  Minimum: 11 years 

e.  Maximum: 31 years 

8.  Participation in technical development of a SoS or CS (DEM8) 

a.  Yes: 93.8 % 

b.  No: 6.3 % 

9.  Have authored/co-authored a paper/article on technical development of a SoS 

or member system (DEM9) 
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a.  Yes: 35.5 % 

b.  No: 62.5 % 

10.  Most Familiar Maturate SE Specification (DEM10) 

a.  ANSI/EIA 632-2003: 31.3% 

b.  CMMI-DEV 1.2: 31.3%  

c.  IEEE/ISO/IEC 15288-2008: 37.5% 

5.3.1.2.3 Survey One Results: Attitude 

A summary of prospective survey one attitude results is depicted in Table 5-5. 

Collected attitude data is in Appendix L. Analyzed altitude data that is inconclusive or 

unconfirmed is in Appendix M.    

One attitude question (emergent behavior) was confirmed utilizing the statistical 

analysis steps defined in paragraph 4.4.3.2.3. Five attitude questions were deemed 

inconclusive due to: 

1. Balanced result. 

2. Component question of Duality1A. 

3. Mixed area question (applicable to duality and/or emergent behavior). 

The bar chart in Figure 5-14 indicates that the emergent behavior 1 attitude’s center 

tendency of distribution departs symmetry from the value 3.0 (Likert scale’s Neither 

Agree nor Disagree selection) and skews to the right (Table 5-6 reflects: mean=2.8125, 

median=mode=3.0). In visually observing the bar chart in Figure 5-14, most of the data 

points fall to the left of the middle. There are more exceptionally small than exceptionally 

large values. The conclusion of this analysis: An emergent behavior support discrepancy 

has been confirmed.  
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Emergent Behavior 1 (EB1) X   

Emergent Behavior 2 (EB2)  1  
Dynamic 1  (DYN1)   X 
Dynamic 2 (DYN2)   X 

Duality 1A ((DUALITY1)  1  
Duality 1B (DUALITY1B) ”reengineer 
component only”  2  
Duality 1C (DUALITY1C) “advance 
only component”  2  

Duality 2 (DUALITY2)  3  
Colllaboration1 (COLL1)   X 
Colllaboration2 (COLL2)   X 
Collaboration3 (COLL3)   X 
Requirement1 (REQ1)     X 
Requirement2 (REQ2)     X 
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N Valid 16 

Missing 0 

Mean 2.8125 

Std. Error of Mean 0.20854 

Median 3 

Mode 3 

Std. Deviation 0.83417 

Variance 0.696 

Skewness -0.397 

Std. Error of Skewness 0.564 

Kurtosis 0.1 

Std. Error of Kurtosis 1.091 

Range 3 

Minimum 1 

Maximum 4 

Sum 45 

Inter-quartile 
Percentiles 

25 2 

50 3 

75 3 

5.3.2 Hypothesis 2 Generation/Verification  

The result from prospective survey one confirmed that the maturate TSE TDPMs has 

a deficiency in supporting emergent behavior development.  

5.3.2.1 Develop Deficiency Solution 

The Zachman Framework™ was utilized as a problem solving tool to obtain the 

emergent behavior solution.  The Zachman Framework™ tool allows working with 

abstractions. [63]     

In order to solve the emergent behavior discrepancy background information was 

required to define the SoS TDE: 

1.  Emergent behavior development is controlled at the SoS TDE level. 

2.  The CS TDE plays a supporting role to aid in the detection. 

a.   Emergent behavior requires trans-domain interaction to detect. 
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b.   Emergent behavior requires interaction with other CS in the operational 

environment (simulation and modeling does not provide full testing). 

c.   Detection equates to test and/or operational use. 

3.  The CS TDE plays a supporting role to determine utility. 

a.   Utility equates to evaluation. 

4.  The CS TDE plays a supporting role to implement. 

a.   Implement equates to resolution of issues for use. 

5.  The CS TDE plays a supporting role to optimize emergent behavior. 

a.   Optimization equates to test and qualification.  

6.  The CS TDE plays a role in the utilization of emergent behavior. 

a.   Utilization equates to the operation use and identifying anomalies. 

The following is the methodology to develop the solution at the conceptual Zachman 

Framework ™ level (the DoD SoS CPM is the only available SoS process model 

available and it’s still at the conceptual level): 

1.   Parse the emergent behavior question into the six Zachman Framework™ 

perspectives at the contextual abstraction level. 

2.   Expand the perspectives to the conceptual level. 

Using sound engineering judgment and reviewing Zachman Framework™ contextual 

and conceptual findings, three items were identified as required items: 

1.   A collaboration requisite 

a.   Define collaboration interface between the two TDE 

i.   Need TSE TDPM in common format (ANSI/EIA 632, 

CMMI-DEV and IEEE/ISO/IEC 15288)  
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ii.    Need SoS conceptual model in similar format as TSE TDPM 

and associated process model 

b. Define transactions between SoS TDE and CS TDE through the 

collaborative interface 

2.   Emergent Behavior Activities/Tasks Transaction Mapping Requisite 

a.   Assign activities/task responsibilities between SoS TDE and CS TDE 

i. Detection 

ii.  Determine utility 

iii.  Implement 

iv. Optimize 

v. Utilize 

3.   Operational Environment Requisite 

a.   Define period of development in the operational environment. 

The execution of these requisite findings resulted in two concept diagrams.  

 



115 

 

�

��
��� ��� �������
� ���������

 
�������-��-�����
��� ����	
����
��0�������������%	� �������%	��������
�

 

�

 
�������-��2��%��������	
����
��0�������������%	���� ����%	��������
�

 

 



116 

 

5.3.2.2 Prospective Survey Two 

5.3.2.2.1 Survey Two Instrument 

The prospective survey two’s instrument was developed based on the two solution 

diagrams. The prospective survey two’s survey instrument is located in Appendix J. 

5.3.2.2.2 Subjects 

The same subjects were utilize, however the sample size was reduced to 11 (from 16). 

It was estimated that several of the subjects took advantage of the weather and Easter 

holiday.   

5.3.2.2.3 Survey Two Results 

A summary of the results is depicted in Table 5-7. The collected prospective survey 

two results are in Appendix N. Paragraph 5.3.2.2.3.1 through 5.3.2.2.3.16 presents the 

analysis and conclusion of the attitude data  

Thirteen attitude questions were confirmed utilizing the statistical analysis steps 

defined in paragraph 4.4.2.3.3. Three attitude questions were deemed inconclusive since 

they addressed the solution from a SoS perspective and not a TSE TDPM perspective. 

Prospective survey two was successful in that each of the thirteen attitudes confirms 

the viability of the developed solution for the emergent behavior discrepancy.   
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Attitude1 X     
Attitude2 X     
Attitude3 X     
Attitude4 X     
Attitude5 X     
Attitude6 X     
Attitude7 X     
Attitude8 X     
Attitude9                         
(SoS question)    X   
Attitude10                     
(SoS question)    X   
Attitude11                        
(SoS question)    X   
Attitude12 X   
Attitude13 X   
Attitude14 X   
Attitude15 X   
Attitude16 X   

 

5.3.2.2.3.1 Attitude 1 

Attitude1: The addition of collaborative emergent behavior tasks/activities between 

the SoS and SE process model improves the SE process model's ability to 

support the development of emergent behavior technical development with 

the SoS process model 
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Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.7273, mode=median=4.0) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the  

“agree” Likert scale area) 

Conclusion: Confirmed   

5.3.2.2.3.2 Attitude 2 

Question 2: The addition of collaborative emergent behavior tasks/activities between 

the SoS and SE process model improves the SE process model's ability 

to: 

Attitude 2:  Report conflicts between the SE Process model technical development 

effort and the emergent behavior technical development effort    
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Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.1818, mode=4.0, median=3.0) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area) 

Conclusion: Confirmed   

5.3.2.2.3.3 Attitude 3 

Question 3:  The addition of collaborative emergent behavior tasks/activities between 

the SoS and SE process model improves the SE process model's ability 

to: 

Attitude 3:  Report conflicts between the SE Process model technical development 

effort and the emergent behavior technical development effort.    
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Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.4545, mode=median=4.0) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area) 

Conclusion: Confirmed   
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5.3.2.2.3.4 Attitude 4 

Question 4:  The addition of collaborative emergent behavior tasks/activities between 

the SoS and SE process model improves the SE process model's ability 

to: 

Attitude 4:   Coordinate the SE process model technical development effort and the 

emergent behavior technical development effort    
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Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.5455, mode=median=4.0) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area) 

Conclusion: Confirmed   

5.3.2.2.3.5 Attitude 5 

Question 5:  The addition of collaborative emergent behavior tasks/activities between 

the SoS and SE process model improves the SE process model's ability 

to: 

Attitude 5:  Harmonize the emergent behavior technical development effort. 
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Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.636, mode=median=4.0) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area) 

Conclusion: Confirmed   

5.3.2.2.3.6 Attitude 6 

Question 6:  The addition of collaborative emergent behavior tasks/activities between 

the SoS and SE process model improves the SE process model's ability 

to: 

Attitude 6:  Improves the emergent behavior technical development effort. 
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Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.1818, mode=4.0, median=3.0) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area) 

Conclusion: Confirmed   

5.3.2.2.3.7 Attitude 7 

Question 7:  The addition of collaborative emergent behavior tasks/activities between 

the SoS and SE process model improves the SE process model's ability 

to: 

Attitude 7:  Coordinates the emergent behavior technical development effort. 
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Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.4545, mode=median=4.0) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area) 

Conclusion: Confirmed   
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5.3.2.2.3.8 Attitude 8 

Question 8:  The addition of collaborative emergent behavior tasks/activities between 

the SoS and SE process model: 

Attitude 8:  Improves the collaboration effort between each equivalent SoS and SE 

process areas (SoS Define - SE Define, SoS Solve - SE Solve, SoS Realize 

- SE Realize, and SoS Evaluate - SE Evaluate). 
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Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.6364, mode=median=4.0) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area) 

Conclusion: Confirmed  �

5.3.2.2.3.9 Attitude 9 

Question 9:  The addition of emergent behavior collaborative tasks/activities between 

the SoS process model and multiple SE process models provides the 

means for the SoS process model to concurrently:  
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Attitude 9: Identify conflicts with each SE process model's technical development 

effort and the SoS emergent behavior technical development effort. 
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Central Tendency: N/A 

Dispersion: Departs N/A 

Conclusion: Inconclusive. Question addressed the solution from a SoS perspective 

and not a TSE TDPM perspective. 

5.3.2.2.3.10 Attitude 10 

Question 10:  The addition of emergent behavior collaborative tasks/activities 

between the SoS process model and multiple SE process models 

provides the means for the SoS process model to concurrently:  

Attitude 10: Direct the emergent behavior technical development effort for each SE 

process model.  
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Central Tendency: N/A 

Dispersion: Departs N/A 

Conclusion: Inconclusive. Question addressed the solution from a SoS perspective 

and not a TSE TDPM perspective. 

5.3.2.2.3.1 Attitude 11 

 Question 11:  The addition of emergent behavior collaborative tasks/activities 

between the SoS process model and multiple SE process models 

provides the means for the SoS process model to concurrently:  

Attitude 11: Coordinate the overall emergent behavior technical development effort 

with each SE process model.  
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Central Tendency: N/A 
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Dispersion: Departs N/A 

Conclusion: Inconclusive. Question addressed the solution from a SoS perspective 

and not a TSE TDPM perspective. 

5.3.2.2.3.1 Attitude 12 

Question 12:  The extension of the "SE Evaluate" process to include the addition of 

emergent behavior tasks/activities that detect and monitor system 

interactions in an operational environment ("SE Detect and Monitor"):  

Attitude 12:  Identify conflicts with each SE process model's technical development 

effort and the SoS emergent behavior technical development effort. 
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Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.7273, mode=median=4.0) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area) 

Conclusion: Confirmed   
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5.3.2.2.3.13 Attitude 13 

Question 13:  The extension of the "SE Evaluate" process to include the addition of 

emergent behavior tasks/activities that detect and monitor system 

interactions in an operational environment ("SE Detect and Monitor"):  

Attitude 13:  Improves the current SE process model's ability to detect and monitor 

emergent behavior in an operational environment. 
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Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.5455, mode=median=4.0) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area) 

Conclusion: Confirmed   

5.3.2.2.3.14 Attitude 14 

Question 14:  The extension of the "SE Evaluate" process to include the addition of 

emergent behavior tasks/activities that detect and monitor system 

interactions in an operational environment ("SE Detect and Monitor"):  
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Attitude 14: Improves the current SE process model's ability to identify issues while 

in SoS operations with actual SoS member systems. 
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Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.7273, mode=median=4.0) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area) 

Conclusion: Confirmed   

 

5.3.2.2.3.15 Attitude 15 

Question 15:  The extension of the "SE Evaluate" process to include the addition of 

emergent behavior tasks/activities that detect and monitor system 

interactions in an operational environment ("SE Detect and Monitor"):  

Attitude 15:  Improves the current SE process model's ability to identify the effects of 

negative/harmful, positive/beneficial, or neutral/unimportant emergent 

behavior. 
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Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.636, mode=median=4.0) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area) 

Conclusion: Confirmed  �

5.3.2.2.3.16 Attitude 16 

Question 16:  The extension of the "SE Evaluate" process to include the addition of 

emergent behavior tasks/activities that detect and monitor system 

interactions in an operational environment ("SE Detect and Monitor"):  

Attitude 16: Improves the SE process model's ability to support the entire emergent 

behavior development effort with the SoS process model. 
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Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.5445, mode=median=4.0) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area) 

Conclusion: Confirmed   

5.3.3 Addressing the TSE TDPM CS Suitability Conjecture  

This research identified five discrepancies within the maturate TSE TDPM. Only the 

emergent behavior support discrepancy was confirmed from prospective survey one. A 

requirements analysis method was utilized to parse the question into a workable solution.  

The results from the four sub-problem areas provided insight about the TSE TDPM 

CS suitability conjecture. The maturate TSE TDPMs are supportive of the CS TDE. The 

SoS TDE is riddled with uncertainties and impact the CS TDE. The CS TDE lacks an 

interface with the SoS TDE. The CS TDE requires task/activities to support emergent 

behavior development. The CS TDE requires a period of time to develop emergent 

behavior in an operational environment.  

The results from prospective survey one confirmed that an emergent behavior 

discrepancy exists in the maturate TSE TDPMs. The results from the prospective survey 
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two confirmed that the solution to emergent behavior discrepancy resolved the maturate 

TSE TDPMs discrepancy.  

Sufficient evidence of proof was secured to conclude: Reject H0 in favor of H1             

Where:  

H0: There is a no difference between prescribing the technical development 

effort to engineer a constituent system and an independent system.  

H1: There is a difference between prescribing the technical development effort 

to engineer a constituent system and an independent system. 
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CHAPTER 6 - CONCLUSIONS AND RECOMMENDATIONS 

In this chapter, the conclusions and recommendations are discussed. 

6.1 Conclusions  

The goal of this research was to secure sufficient evidence of proof to disprove the 

TSE TDPM CS suitability conjecture, which is an on-going belief within the SE and 

SoSE communities that the TSE TDPMs are suitable in prescribing the technical 

development effort to engineer a CS for its inaugural membership with a SoS. In securing 

the evidence for proof, the significant areas of the research problem revealed relevant 

facts pertaining to the TSE TDPM CS suitability conjecture. 

6.1.1 TSE TDPM 

The candidate TSE TDPMs observed in this research are not on equal footing. The 

TSE TDPMs clustered into two distinct groups: embryonic and maturate. The embryonic 

models (IEEE 1220-2005 and MIL-STD-499C (draft)) provide the early “stages” of 

development and stops short of constructing an extant system. The maturate models 

(ANSI/EIA 632-2003, CMMI-DEV 1.2, and IEEE/ISO/IEC 15288-2008) provide an 

aggregate of “stages” to materialize an abstract idea into an operational system.  

 This research identified the process patterns of the embryonic and maturates models. 

The maturate models are composed of process patterns of Define, Solve, Realize and 

Evaluate. The embryonic models are composed of a process pattern of Define, Solve and 

Evaluate. Embryonic models lack the capacity for CS development due to missing 

processes to fully Realize and Evaluate an extant system. This lack of abilities is 



133 

 

validated with the scoring results from the Pugh matrix analysis performed by the TSE 

TDPM in CS Development sub-problem area.   

6.1.2 CS Development 

The development of the requisites for CS development first required a complete 

investigation of the SoS technical development effort. A SoS technical development 

effort is separated into two TDE: SoS and CS. There is a single SoS TDE and multiple 

CS TDE concurrently developing. Each TDE shares a set of overlapping technical goals. 

Each TDE is under separate technical leadership.   

The SoS TDE is riddled with uncertainties ranging from dynamic requirements to 

incorrect test planning. These uncertainties results in a volatile SoS TDE. The volatile 

SoS TDE impacts the CS TDE resulting in a perplexing development effort with many 

challenges. 

The research identified CS requirements reflected many of the issues brought on by 

uncertainties in the SoS TDE.   

6.1.3 TSE TDPM in CS Development 

The evaluation of the CS requirements in contrast to the character of the candidate 

TSE TDPM identified three types of impediments. These include: shortfall, 

implementation detail and development philosophy. Further analysis of the shortfall 

category indicated that five types of discrepancies will hinder the CS development effort: 

1.   Duality in the TSE TDPM. The TDPM will be required to prescribe two types of 

specialized technical development efforts (transform and advance).   
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2.   Dynamics Technical Development. SoS requirements will be dynamically 

changing which will require specialized technical development to adjust with the 

desired technical changes. 

3.   Emergent Behavior. The interactions between SoS-Constituent systems will 

require specialized technical development to detect, find utility, implement and 

test emergent behavior. 

4.   Collaboration. Specialized technical development is required to provide 

collaboration between the SoS-Constituent systems and SoS-Wide. 

5.   Requirements Management in the Technical Development. Specialized 

requirements management is required to provide additional monitoring, 

accountability and verification/validation planning and execution. 

6.1.4 TSE TDPM Discrepancy Solutions 

The emergent behavior support discrepancy was the only confirmed deficiency by the 

results of prospective survey one. The solution to the emergent behavior support 

discrepancy was resolved by three adjustments to the maturate TSE TDPMs: 

1.   Addition of a collaborative interface between the SoS TDE and CS TDE. 

2.   Mapping the emergent behavior task/activates between the SoS TDE and CS 

TDE. 

3.   Extension of the Evaluate process (addition of the Monitor and Detect process).   

Each of the three adjustments was confirmed by prospective survey two. 

6.1.5 TSE TDPM CS Suitability Conjecture 

The results from the four sub-problem areas provided insight about the TSE TDPM 

CS suitability conjecture. The maturate TSE TDPMs are supportive of the CS TDE. The 
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SoS TDE is riddled with uncertainties and impact the CS TDE. The CS TDE lacks an 

interface with the SoS TDE. The CS TDE requires task/activities to support emergent 

behavior development. The CS TDE requires a period of time to develop emergent 

behavior in an operational environment.  

The results from prospective survey one confirmed that an emergent behavior 

discrepancy exists in the maturate TSE TDPMs. The results from the prospective survey 

two confirmed that the solution to the emergent behavior discrepancy resolved the 

maturate TSE TDPMs discrepancy.  

Sufficient evidence of proof was secured to conclude: Reject H0 in favor of H1        

      Where:  

H0: There is a no difference between prescribing the technical development 

effort to engineer a constituent system and an independent system.  

H1: There is a difference between prescribing the technical development effort 

to engineer a constituent system and an independent system. 
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6.2 Recommendations 
 

It is recommended that further research be performed to identify and confirm 

additional discrepancies in the use of the maturate TSE TDPMs to prescribe the technical 

development effort to engineer a CS for both inaugural membership and advancement as 

the SoS evolves. The identification of additional maturate TSE TDPM’s discrepancies 

must be considered from the both the SoS-Wide and SoS-Constituent perspective.   

It is recommended that further research be performed to resolve the inconclusive 

duality discrepancy results from the prospective survey one. Another prospective survey 

must be re-performed to obtain confirmation of its non-discrepancy/discrepancy status.  

It is recommended that further research be performed on the emergent behavior 

collaborative interface for adoption by all collaborative efforts between the SoS TDE and 

CS TDE. 

It is recommended that further research be performed to apply the emergent behavior 

discrepancy solutions to the maturate TSE TDPMs. The use of the improved TSE TDPM 

will require testing and evaluation by the SE and SoSE communities. 

 It is recommended that further research be performed to apply the emergent behavior 

discrepancy solution to the DoD SoS CPM. The DoD SoS CPM is in its conceptual stage 

and improvements will help solidify this model.  
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APPENDIX A - ANSI/EIA 632-2003 Abstraction Levels 

Column 1. Represents the TDPM’s Process Groups. The Process Groups are used to 

organize the process model into functional development areas. 

Column 2. Represents the Processes within the TDPM Process Groups. The Processes is 

another level of organization within the TDPM Process Groups.  

Column 3. Represents the Process Requirements that the Processes must adhere to.  The 

Process Requirements stipulates the tasks and expected outcomes for the Processes. The 

requirements identifiers are included to aid in the visual observations at the Process 

Requirements abstraction structural level. 

The shaded areas in represent irregularities and is described in paragraph 5.1.1.1.3. 
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Process Groups Processes Process Requirements 
Systems Design 
Process Group  

    

  Requirements 
Definition Process 

  

    Requirement 14 - Acquirer Requirements  
    Requirement 15 - Other Stakeholder 

Requirements  
    Requirement 16 - System Technical       

Requirements 
  Solution Definition 

Process 
  

    Requirement 17 - Logical Solution 
Representation 

    Requirement 18 - Physical Solution 
Representation 

    Requirement 19 - Specified 
Requirements  

Product 
Realization 
Process Group 

    

  Implement Process   
    Requirement 20 - Implementation 
  Transition to Use 

Process 
  

    Requirement 21 - Transition to Use 
Technical 
Evaluation 
Process Group 

Technical Evaluation 
Process Group 

Technical Evaluation Process Group 

  Systems Analysis 
Process 

  

    Requirement 22 - Effective Analysis 
    Requirement 23 - Tradeoff Analysis 
    Requirement 24 - Risk Analysis 
  Requirements 

Validation Process 
  

    Requirement 25 - Requirement Statement 
Validation  

    Requirement 26 - Acquirer Requirements 
Validation 

    Requirement 27 - Other Stakeholder 
Requirements Validation  

    Requirement 28 - System Technical 
Requirements Validation 
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Process Groups Processes Process Requirements 
    Requirement 29 - Logical Solution 

Representation Validation 
  System Verification 

Process 
  

    Requirement 30 - Design Solution 
Verification 

    Requirement 31 - End Product  
Verification 

    Requirement 32 - Enabling Product 
Readiness 

  End Products 
Validation 

  

    Requirement 33 - End Product Validation 
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APPENDIX B - CMMI-DEV 1.2 Abstraction Levels 

Column 1. Represents the TDPM’s Process. The Process is used to organize the process 

model into functional development areas. 

Column 2. Represents the Specific Goals. The Specific Goal is used to appraise the 

outcome of the process activities. 

Column 3. Represents the Specific Practice is activity that is important to achieve the 

specific goal  



151 

 

 

 

Process Specific Goal Specific Practice 
Requirements 
Development 

    

  SG 1 Develop 
Customer 
Requirements 

  

    SP 1.1 Elicit Needs 
    SP 1.2 Develop the Customer Requirements 

  SG 2 Develop Product 
Requirements 

  

    SP 2.1 Establish Product and Product 
Component Requirements  

    SP 2.2 Allocate Product Component 
Requirements 

    SP 2.3 Identify Interface Requirements 
  SG 3 Analyze and 

Validate Requirements 
  

    SP 3.1 Establish Operational Concepts and 
Scenarios 

    SP 3.2 Establish a Definition of Required 
Functionality 

    SP 3.3 Analyze Requirements 
    SP 3.4 Analyze Requirements to Achieve 

Balance 
    SP 3.5 Validate Requirements 
Requirements 
Management 

    

  SG 1 Manage 
Requirements 

  

Process Specific Goal Specific Practice 
    SP 1.1 Obtain an Understanding of 

Requirements 
    SP 1.2 Obtain Commitment to Requirements 

    SP 1.3 Manage Requirement Changes 
    SP 1.4 Maintain Bidirectional Traceability of 

Requirements  
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Process Specific Goal Specific Practice 
    SP 1.5 Identify Inconsistencies Between 

Project Work and Requirements 

Technical 
Solution 

    

  SG 1 Select Product 
Component Solutions 

  

    SP 1.1 Develop Alternative Solutions and 
Selection Criteria 

    SP 1.2 Select Product Component Solutions 
  SG 1 Develop the 

Design 
  

    SP 1.1 Design the Product or Product 
Component 

    SP 1.2 Establish a Technical Data Package 
    SP 1.3 Design Interfaces Using Criteria 
    SP 1.4 Perform Make, Buy, or Reuse 

Analyses 
  SG 2 Implement the 

Product Design 
  

    SP 2.1 Implement the Design 
    Sp 2.2 Develop Product Support 

Documentation 
Product 
Integration 

    

  SG 1 Prepare for 
Product Integration 

  

    SP 1.1 Determine Integration Sequence 
    SP 1.2 Establish the Product Integration 

Environment 
    SP 1.3 Establish Product Integration 

Procedures and Criteria 

  SG 2 Ensure Interface 
Compatibility 

  

Process Specific Goal Specific Practice 

    SP 2.1 Review Interface Descriptions for 
Completeness 

    SP 2.2 Manage Interfaces 
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Process Specific Goal Specific Practice 
  SG 3 Assemble 

Product Components 
and Deliver the 
Product 

  

    SP 3.1 Confirm Readiness of Product 
Components for Integration 

    SP 3.2 Assemble Product Components 
    SP 3.3 Evaluate Assembled Product 

Components 
    SP 3.4 Package and Deliver the Product or 

Product Component 

Verification     
  SG 1 Prepare for 

Verification 
  

    SP 1.1 Select Work Products for Verification 
    SP 1.2 Establish the Verification Environment 

    SP 1.3 Establish Verification Procedures and 
Criteria 

  SG 2 Perform Peer 
Reviews 

  

    SP 2.1 Prepare for Peer Reviews 
    SP 2.2 Conduct Peer Reviews 
    SP 2.3 Analyze Peer Review Data 
  SG 3 Verify Selected 

Work Products 
  

    SP 3.1 Perform Verification 
    SP 3.2 Analyze Verification Results 
Validation     
  SG 1 Prepare for 

Validation 
  

    SP 1.1 Select Products for Validation 
    SP 1.2 Establish the Validation Environment 
    SP 1.3 Establish Validation Procedures and 

Criteria 
  SG 2 Validate Product 

or Product Components 
  

    SP 2.1 Perform Validation 

    SP 2.2 Analyze Validation Results 
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APPENDIX C - IEEE STD 1220-2005 Abstraction Levels 

Column 1.  Represents the TDPM’s Sub-Process. The Sub-Process is used to organize 

the process model into functional development areas. 

Column 2.  Represents the Task. The Task is used to appraise the outcome of the process 

activities. 
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Sub-process Task 
6.1 Requirements 
analysis   
  6.1.1 Define stakeholder expectations 
  6.1.2 Define project and enterprise constraints 
  6.1.3 Define external constraints 
  6.1.4 Define operational scenarios 
  6.1.5 Define operational scenarios 
  6.1.6 Define system boundaries 
  6.1.7 Define interfaces 
  6.1.8 Define utilization environments 
  6.1.9 Define life cycle process concepts 
  6.1.10 Define functional requirements 
  6.1.11 Define performance requirements 
  6.1.12 Define modes of operation 
  6.1.13 Define technical performance measures 
  6.1.14 Define design characteristics 
  6.1.15 Define human factors 
  6.1.16 Establish requirements baseline 
6.2 Requirements 
validation   
  6.2.1 Compare to stakeholder expectations 
  6.2.2 Compare to enterprise and project constraints 
  6.2.3 Compare to external constraints 
  6.2.4 Identify variances and conflicts 
  6.2.5 Establish validated requirements baseline 
6.3 Functional analysis   
  6.3.1 Functional context analysis 
  6.3.2 Functional decomposition 
  6.3.3 Establish functional architecture 
6.4 Functional 
verification   
  6.4.1 Define verification procedures 
  6.4.2 Conduct verification evaluation 
  6.4.3 Identify variances and conflicts 
  6.4.4 Establish verified functional architecture 
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Sub-process Task 
6.5 Synthesis   
  6.5.1 Group and allocate functions 
  6.5.2 Identify design solution alternatives 
  6.5.3 Assess safety and environmental hazards 
  6.5.4 Assess life cycle quality factors 
  6.5.5 Assess technology requirements 
  6.5.6 Define design and performance characteristics 
  6.5.7 Define physical interfaces 
  6.5.8 Identify standardization opportunities 
  6.5.9 Identify off-the-shelf availability 
  6.5.10 Identify make-or-buy alternatives 
  6.5.11 Develop models and prototypes 
  6.5.12 Assess failure modes, effects, and criticality 
  6.5.13 Assess testability needs 
  6.5.14 Assess design capacity to evolve 
  6.5.15 Finalize design 
  6.5.16 Initiate evolutionary development 
  6.5.17 Produce integrated data package 
  6.5.18 Establish design architecture 
6.6 Design verification   
  6.6.1 Select verification approach 
  6.6.2 Conduct verification evaluation 
  6.6.3 Identify variances and conflicts 
  6.6.4 Verified design architecture 

  
6.6.5 Verified design architectures of the life cycle 
process 

  6.6.6 Verified system architecture 

  
6.6.7 Establish specifications and configuration 
baselines 

  6.6.8 Develop system breakdown structure (SBS) 
6.7 Systems analysis   
  6.7.1 Assess requirement conflicts 
  6.7.2 Assess functional alternatives 
Sub-process Task  

  6.7.3 Assess design alternatives 
  6.7.4 Identify risk factors 
  6.7.5 Define trade-off analysis scope 
  6.7.6 Conduct trade-off analysis 
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Sub-process Task 
  6.7.7 Select risk-handling options 
  6.7.8 Select alternative recommendation 
  6.7.9 Trade-offs and impacts 
  6.7.10 Design effectiveness assessment 
6.8 Control   
  6.8.1 Technical management 
  6.8.1.1  Data management 
  6.8.1.2  Configuration management 
  6.8.1.3  Interface management 
  6.8.1.4  Risk management 
  6.8.1.5  Performance-based progress measurement 
  6.8.2 Track systems analysis and test data 
  6.8.3 Track requirement and design changes 
  6.8.4 Track progress against project plans 
  6.8.5 Track progress against engineering plans 
  6.8.6 Track product and process metrics 
  6.8.7 Update specifications and configuration baselines 
  6.8.8 Update requirements views and architectures 
  6.8.9 Update engineering plans 
  6.8.10 Update technical plans 
  6.8.11 Integrated repository 
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APPENDIX D – IEEE/ISO/IEC 15288-2008 Abstraction Levels 

Column 1. The Process is used to organize the TDPM into functional development areas. 

Column 2. The Activities are the actions to satisfy the Process. Shaded activities indicate 

a temporal issue in its placement.  
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Process Activities 
6.4.1 Stakeholder 
Requirements Definition 
Process 

  

  6.4.1.3 a) Elicit stakeholder requirements 
  6.4.1.3 b) Define stakeholder requirements 
  6.4.1.3 c) Analyze and maintain stakeholder requirements 
6.4.2 Requirements 
Analysis Process 

  

  6.4.2.3 a) Define system requirements 
  6.4.2.3 b) Analyze and maintain system requirements 

6.4.3 Architectural Design 
Process 

  

  6.4.3.3 a) Define the architecture 
  6.4.3.3 b) Analyze and evaluate the architecture 
  6.4.3.3 c) Document and maintain the architecture 

6.4.4 Implementation 
Process 

  

  6.4.4.3 a) Plan the implementation 
  6.4.4.3 b) Perform implementation 
6.4.5 Integration Process   
  6.4.5.3 a) Plan integration 
  6.4.5.3 b) Perform integration 
6.4.6 Verification Process   
  6.4.6.3 a) Plan verification 
  6.4.6.3 b) Perform verification 
6.4.7 Transition Process   
  6.4.7.3 a) Plan the transition 
  6.4.7.3 b) Perform the transition 
6.4.8 Validation Process   
  6.4.8.3 a) Plan validation 
  6.4.8.3 a) Perform validation 
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APPENDIX E - MIL-STD-499C Abstraction Levels 

Column 1. The Sub-Process Group is used to organize the TDPM in to functional areas. 

Column 2. The Sub-Process is to organize the sub-process group.  

Column 3. The Sub-Process Detail is used to resolve sub-process discrepancy. 

Column 4. The Products represent the product of the sub-process.  
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Sub-Process 
Group 

Sub-Process Sub-Process 
Detail 

Products 

Requirements 
Analysis 

      

  4.2.1 
Requirements 
Analysis and 
Validation 

    

      4.2.1.1 a. Validated, 
approved, and 
maintained 
requirements 
captured in Technical 
Requirements 
Documents (TRD), 
draft System 
Specification, and 
then final System 
Specifications and 
system-level Interface 
Control Documents 
(ICD) or interface 
specifications or their 
electronic equivalents 
defining all system-
level requirements 
and constraints and 
their allocations to 
the next lover level. 

      4.2.1.1. b. 
Requirements 
traceability matrix 
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Sub-Process 
Group Sub-Process 

Sub-Process 
Detail Products 

      4.2.1.1. c. Source and 
engineering basis 
including each trade-
off or other analysis 
for each system-level 
performance and 
functional 
requirement and its 
allocation to the next 
lover level 

Functional 
Analysis 

      

  4.2.2 Functional 
Analysis, 
Allocations and 
Validation or 
Logical 
Representation 
Definition and 
Assignment and 
Validation 

    

      4.2.2.1 A functional 
architecture or set of 
architecture views 

Synthesis       

  4.2.3 System 
Product 
Technical 
Requirements 
Analysis and 
Validation 
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Sub-Process 
Group 

Sub-Process Sub-Process 
Detail 

Products 

      4.2.3.1 a. Validated, 
approved, and 
maintained allocated 
(design-to) baseline 
in specification and 
interface documents  
or their electronic 
equivalents grouped 
by each system 
element such as 
segment, subsystem, 
component (H/W and 
S/W), computer 
software unit, and 
part that is to be 
designed or provided 
by a separate design 
team or contractor 
such that the 
requirements baseline 
will be satisfied   

      4.2.3.1 b. The basis 
for the definition or 
selection of the 
products in the 
physical hierarchy 

      4.2.3.1 c. Separable 
documentation for 
each component or 
computer software 
unit 

  4.2.4 Design or 
Physical Solution 
Representation 

    

      4.2.4.1 a. The 
validated, approved 
and maintained 
design release 
baseline 

      4.2.4.1 b. The bases 
for each design 
selection 
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Sub-Process 
Group Sub-Process Sub-Process 

Detail Products 

      4.2.4.1c.  Separable 
documentation for 
elements of the 
design release 
baseline as 
requirements over the 
system life cycle 

  4.2.5 
Assessments of 
System 
Effectiveness, 
Cost Schedule 
and Risk 

    

      4.2.5.1 a. Documents 
assessments 

      4.2.5.1.b. Any reports 
documenting the 
results that are 
otherwise required by 
the contract and that 
shall be consistent 
with the decision 
database at the time 
of submission 

  4.2.6 Design or 
Physical Solution 
Verification and 
Validation 

    

    4.2.6.1 
Physical 
Solution 
Verification 

  

      4.2.6.1.1 a. Design 
verification data 

      4.2.6.1.1. b. The 
validated, approved 
and maintained 
product configuration 
baseline 
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Sub-Process 
Group 

Sub-Process Sub-Process 
Detail 

Products 

    4.2.6.2 
Physical 
Solution 
Validation 

  

      4.2.6.2.1 System 
validation plan and 
data to include inputs 
to Operational safety, 
Suitability, and 
Effectiveness 
(OSS&E)/Space 
Flight Worthiness 
(SFW) Certification, 
System readiness 
Review and Initial 
Operational Test and 
Evaluation (IOT&E) 
support 

System 
Analysis 

      

  4.2.7 Tradeoff 
Analysis 

    

      4.2.7.1 Documented 
trade-off analysis 

Control        
  4.2.8 

Management of 
the Systems 
Engineering 
Process 

    

    4.2.8.1 
Planning 

  

      4.2.8.1.1. a. Contract 
Work Breakdown 
Structure (CWBS) 
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Sub-Process 
Group Sub-Process 

Sub-Process 
Detail Products 

      4.2.8.1.1. b. The 
systems engineering 
accomplishments, 
accomplishment 
criteria, and narrative 
in the Integrated 
Master Plan (IMP), 
tasks in the Integrated 
master Schedule 
(IMS), and work 
packages in the 
Earned Value 
management Systems 
(EVMS) 

      4.2.8.1.1.c. Such 
other specific plans 
(such as trade-off 
plans) as may be 
needed to achieve the 
attributes required 
above 

      4.2.8.1.1.d. Systems 
Engineering 
management Plan 
(SEMP) if and as 
otherwise required by 
the contract 

    4.2.8.2 
Monitoring 

  

      4.2.8.2.1 each 
assessment linked in 
the decision database 
to the iteration of 
which it is part and to 
the decision it 
supports 

    4.2.8.3 
Decision 
Making, 
Control and 
Baseline  
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Sub-Process 
Group Sub-Process Sub-Process 

Detail Products 

      4.2.8.3.1 a. 
Documented and 
implemented 
decisions 

      4.2.8.3.1 b. 
Maintained baselines 
and functional 
architecture 

    4.2.8.4 Risk 
Management 

  

      4.2.8.4.1 Risk watch 
list 

    4.2.8.5 
Baseline 
Change 
Control and 
Maintained 

  

      4.2.8.5.1 Assessment 
of Change Control 
Implementation 

    4.2.8.6 
Interface 
Management 

  

      4.2.8.6.1 Interface 
control documents 
and drawings 

    4.2.8.7 Data 
Management 

  

      4.2.8.7.1 Data 
Products as required 
by the contract and to 
support the program 

  4.3 Systems 
Engineering 
Output 

    

      4.3.1 Decision 
Database 
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Sub-Process 
Group 

Sub-Process Sub-Process 
Detail 

Products 

      4.3.2  The Contractor 
shall generate 
requited system and 
configuration item 
(CI) specifications 
and baselines and 
documentation 

      4.3.3 The Contractor 
shall develop a 
requirements 
traceability matrix 
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APPENDIX F – SoS-Wide Requirements 

The Appendix F table is a listing of the SoS-Wide technical development requirements.  

Column 1. (ID) is the unique requirement identifier. 

Column 2. (SoS-Wide) is the SoS-Wide requirement.  

Column 3. (Occurrence) is the number of occurrences that the requirement was used to 

represent the need or constraint in SoS-Wide development.  

Column 4. (Category) is the requirement category (Conflicts, Direction, Emergent 

Behavior, Evolution, and Management).  

Column 5 (Associated SoS-Wide Process) represents the SoS-Wide process that 

collaborates.  

Column 6 (SoS-Wide Interface) is the SoS-Wide interface identifier. 
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ID SoS-Wide Requirement Occurrence Category 
Associated 
SoS-Wide 
Process 

SoS-
Wide 

Interface 
1 SoS-Wide shall 

accommodate SoS-
Constituent autonomous 
operation performance 
criteria. 

1 Direction Realize, 
Evaluate 

Output, 
Input 

2 SoS-Wide shall allocate 
requirements to SoS-
Constituents. 

10 Direction Realize Output 

3 SoS-Wide shall characterize 
the behaviors, functions, and 
operations of the SoS-Wide 
portfolio.  

1 Conflict  
(originally 
identified as 
a 
Management 
category) 

Define Input 

4 SoS-Wide shall collaborate 
new SoS-Wide requirements 
with SoS-Constituents. 

1 Evolution Realize Output, 
Input 

5 SoS-Wide shall collaborate 
trade studies results with 
SoS-Constituents to identify 
SoS-constituent impacts. 

2 Conflicts Realize Output, 
Input 

6 SoS-Wide shall define the 
method to verify and 
validate SoS-Wide 
interoperability 
requirements. 

2 Direction Realize Output 

7 SoS-Wide shall develop, 
detect, and monitor 
emergent behavior.  

22 Emergent 
Behavior 

Realize, 
Evaluate 

Output, 
Input 

8 SoS-Wide shall direct 
technical development 
efforts. 

16 Direction Realize Output 

9 SoS-Wide shall manage 
SoS-Wide requirements.  

10 Direction Realize Output 

10 SoS-Wide shall monitor and 
detect conflicts with SoS-
Constituent changes. 

1 Evolution Realize, 
Appraise 

Output, 
Input 

11 SoS-Wide shall provide 
timely updates of allocated 
SoS-Constituent 
requirements. 

2 Evolution Realize Output 
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ID SoS-Wide Requirement Occurrence Category 
Associated 
SoS-Wide 
Process 

SoS-
Wide 

Interface 
12 SoS-Wide shall provide 

collaborative technical 
direction relating to SoS-
Wide operation. 

1 Direction Realize Output, 
Input 

13 SoS-Wide shall provide 
direction relating to SoS-
Wide technical 
development. 

4 Direction Realize Output 

14 SoS-Wide shall provide 
feedback in SoS-Wide 
operation to SoS-
Constituent. 

2 Conflicts Realize, 
Evaluate 

Output 

15 SoS-Wide shall provide 
overarching purpose of SoS-
Wide. 

1 Direction Realize Output 

16 SoS-Wide shall provide 
periodic updates of the SoS-
Wide functionality. 

1 Direction Realize Output 

17 SoS-Wide shall provide 
technical direction relating 
to SoS-Wide operation. 

91 Direction Realize Output 

18 SoS-Wide shall re-direct 
SoS-Constituent 
development direction when 
change conflicts occur. 

4 Conflicts Realize, 
Evaluate 

Input, 
Output 

19 SoS-Wide shall re-direct 
technical direction when 
SoS-Constituent conflicts 
occur. 

4 Conflicts Realize, 
Evaluate 

Input, 
Output 

20 SoS-Wide shall set 
governance procedures. 

3 Direction Realize Output  

21 SoS-Wide shall set SoS-
Wide engineering practices. 

3 Direction Realize Output 

22 SoS-Wide shall set SoS-
Wide performance criteria.   

2 Direction Realize, 
Evaluate 

Output, 
Input 

23 SoS-Wide shall support the 
verification of SoS-
Constituent changes. 

1 Conflicts Realize, 
Evaluate 

Input, 
Output 

24 SoS-Wide shall use a 
portfolio approach in the 
development of SoS-
Constituents. 

2 Management Define Output 
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ID SoS-Wide Requirement Occurrence Category 
Associated 
SoS-Wide 
Process 

SoS-
Wide 

Interface 
25 SoS-Wide shall utilize SoS-

Constituents constraints and 
conflicts to develop 
technical direction relating 
to SoS-Wide operations. 

1 Conflicts Realize, 
Evaluate 

Input, 
Output 

26 The SoS-Wide portfolio 
shall be managed by 
collaboration between SoS-
Wide and SoS-Constituents 
stakeholders. 

53 Management Define Input  

27 N/A 13 N/A N/A N/A 

28 (blank) 0 N/A N/A N/A 

 Grand Total 254    
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APPENDIX G – SoS-Constituent Requirements 

The Appendix G table is a listing of the SoS-Constituent requirements.  
 
Column 1. (ID) is the unique requirement identifier.  

Column 2. (SoS-Constituent Requirement) is the SoS-Constituent requirement. 

Column 3. (Occurrence) is the number of occurrences that the requirement was used to 

represent the need or constraint in SoS-Constituent development.  

Column 4. (Category) is the requirement category identifier (Collaboration, Conflicts, 

Direction, Evolution, Emergent Behavior, Flexibility and Technical Focus).   

Column 5. (SoS-Wide Interface) is the SoS-Wide interface identifier.   
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ID SoS-Constituent Requirement Occurrence Category 
SoS-Wide 
Interface 

1 SoS-Constituent shall 
accommodate changing technical 
development direction. 

10 Evolution Input 

2 SoS-Constituent shall adhere to 
SoS-Wide technical development 
standards. 

1 Direction Input 

3 SoS-Constituent shall adhere to 
SoS-Wide development direction 
when no SoS-Constituent conflict 
is identified. 

64 Direction Input 

4 SoS-Constituent shall adhere to 
SoS-Wide engineering practices. 

3 Direction Input 

5 SoS-Constituent shall adhere to 
SoS-Wide governance procedures. 

3 Direction Input 

6 SoS-Constituent shall adhere to 
SoS-Wide performance standards. 

1 Direction Input 

7 SoS-Constituent shall balance 
SoS-Wide performance criteria 
with autonomous operation 
performance criteria. 

1 Technical 
Focus 

N/A 

8 SoS-Constituent shall collaborate 
changes with SoS-Wide prior to 
implementation. 

5 Collaboration Input, Output 

9 SoS-Constituent shall collaborate 
trade studies results with SoS-
Wide to identify SoS-Wide 
impacts. 

1 Collaboration Input, Output 

10 SoS-Constituent shall identify 
change impacts to SoS-Wide as 
part of change collaboration. 

1 Collaboration Input, Output 

11 SoS-Constituent shall provide a 
transformation and advancement 
technical development process 
model for SoS-Constituent 
development. 

21 Evolution N/A 

12 SoS-Constituent shall provide an 
advancement technical 
development process model to 
iteratively improve design 
solutions. 

1 Evolution N/A 
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ID SoS-Constituent Requirement Occurrence Category 
SoS-Wide 
Interface 

13 SoS-Constituent shall provide a 
transition technical development 
model to initially implement 
design solutions. 

1 Evolution N/A 

14 SoS-Constituent shall support 
continual development. 

1 Evolution N/A 

15 SoS-Constituent shall support 
dynamically changing 
requirements. 

2 Flexibility  Input, Output 

16 SoS-Constituent shall support the 
development, detection and 
monitoring of emergent behavior.   

22 Emergent 
Behavior 

Input, Output 

17 SoS-Constituent shall utilize SoS-
Wide feedback in SoS-Constituent 
development when no conflict 
exists. 

2 Conflicts Input 

18 SoS-Constituent shall utilized 
Model and Simulation testing prior 
to SoS-Wide testing.  

1 Technical 
Focus 

N/A 

19 SoS-Constituent technical 
development process model shall 
account for re-use products (new). 

1 Technical 
Focus 

N/A 

20 SoS-Constituent technical 
development process model shall 
provide a front-end assessment 
step. 

1 Evolution N/A 

21 SoS-Constituents shall validate 
changes at the SoS-Wide level. 

1 Evolution Input, Output 

22 SoS-Constituents shall adhere to 
interoperability requirements 

1 Technical 
Focus 

N/A 

23 SoS-Constituents shall adhere to 
SoS-Wide interoperability 
requirements, verification and 
validation. 

2 Direction Input 

24 SoS-Constituents shall develop, 
verify and validate SoS -
Constituent and legacy 
requirements.  

4 Technical 
Focus 

N/A 

25 SoS-Constituents shall have the 
flexibility to accept dynamically 
changing requirements. 

6 Flexibility  N/A 
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ID SoS-Constituent Requirement Occurrence Category SoS-Wide 
Interface 

26 SoS-Constituents shall have the 
flexibility to develop with 
undefined SoS-Wide functionality. 

1 Flexibility  N/A 

27 SoS-Constituents shall identify 
conflicts with SoS-Wide 
development direction. 

4 Conflicts Output 

28 SoS-Constituents shall identify 
technical constraints and conflicts 
relating to SoS-Wide operation.   

1 Conflicts Output 

29 SoS-Constituents shall identify 
technical impacts relating to 
allocated SoS-Wide requirements. 

2 Conflicts Output 

30 SoS-Constituents shall identify 
technical impacts relating to SoS-
Wide operation.   

4 Conflicts Output 

31 SoS-Constituents shall identify 
technical impacts relating to SoS-
Wide trade studies. 

2 Conflicts Output 

32 SoS-Constituents shall join 
together SoS-Wide technical 
direction with desired legacy 
capabilities.  

7 Technical 
Focus 

N/A 

33 SoS-Constituents shall manage 
SoS-Constituent and legacy 
requirements.  

4 Technical 
Focus 

N/A 

34 SoS-Constituents shall minimize 
impacts to desired legacy 
capabilities when adhering to SoS-
Wide technical direction. 

1 Technical 
Focus 

N/A 

35 SoS-Constituents shall preserve 
autonomous operation in its 
development. 

3 Technical 
Focus 

N/A 

36 SoS-Constituents shall receive 
technical direction relating to SoS-
Wide operation. 

4 Direction Input 

37 SoS-Constituents technical 
development process model shall 
focus on an interface architecture. 

1 Technical 
Focus 

N/A 
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ID SoS-Constituent Requirement Occurrence Category SoS-Wide 
Interface 

38 The SoS-Constituent technical 
development process model shall 
utilize iterative approach in 
development. 

1 Evolution N/A 

39 N/A 62 N/A N/A 

40 (blank) 0 N/A N/A 
 Grand Total 254   
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APPENDIX H – SoSE TDPM Requirements 

The Appendix H table is a mapping of the SoS-TDE Requirements with the SoSE 

TDPM requirements. 
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Old 
ID 

SoSE TDE 
Requirements 

New 
ID 

SoSE TDPM Requirements Shortfalls 

11 The SoSE TDE shall 
provide a 
transformation and 
advancement technical 
development direction 
for SoS-Constituent 
development. 

1 The SoSE TDPM shall 
prescribe dual technical 
development efforts which 
include:  
1) A transformation 
technical development 
effort to “join together” the 
legacy IS capabilities with 
the SoS-Wide operations, 
communications and 
interfaces objectives.                                                                                         
2) An advancement 
technical development 
effort to incrementally hone 
the SoS-Constituent 
operations and/or add 
supplementary functionality 
to satisfy the evolving SoS-
Wide technical objectives.  

Duality 

  Derived -> 2 The SoSE TDPM shall 
utilize common processes, 
when possible, to support 
the dual technical 
development prescription 
effort. 

 

  Derived -> 3 The SoSE TDPM 
transformation technical 
development effort shall 
occur in the support stage 
of the legacy IS life cycle.  

 

13 The SoSE TDE shall 
provide transition 
technical development 
direction to initially 
implement design 
solutions. 

4 The SoSE TDPM shall 
prescribe the start of the 
transformation technical 
development effort.    
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Old 
ID 

SoSE TDE 
Requirements 

New 
ID 

SoSE TDPM Requirements Shortfalls 

  Derived -> 5 The SoSE TDPM transition 
between the transformation 
and advancement technical 
development effort shall be 
seamless.  

 

  Derived -> 6 The SoSE TDPM transition 
between the transformation 
and advancement technical 
development effort shall 
occur in the support stage 
of the legacy IS life cycle. 

 

12 The SoSE TDE shall 
provide advancement 
technical development 
direction to iteratively 
improve design 
solutions. 

7 The SoSE TDPM 
advancement technical 
development effort shall be 
used for incrementally 
incorporating 
improvements or additional 
functionalities to the SoS-
Constituent.  

 

  Derived -> 8 The SoSE TDPM 
advancement technical 
development effort shall 
occur in the support stage 
of the SoS-Constituent life 
cycle.  

 

38 The SoSE TDE shall 
utilize iterative 
approach in 
development. 

9 The SoSE TDPM shall 
provide the ability to iterate 
on the bounds of its process 
model execution cycle.  

 

14 The SoSE TDE shall 
support continual 
development. 

10 The SoSE TDPM iteration 
shall: 
1) Seamlessly enter the start 
of the  process model 
execution cycle 
2) Seamlessly exit the end 
of the process model 
execution cycle 
3) Seamlessly initiates the 
process model execution 
cycle 
4) Continue until 
terminated  
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Old 
ID 

SoSE TDE 
Requirements 

New 
ID 

SoSE TDPM Requirements Shortfalls 

  Derived -> 11 The SoSE TDPM shall 
utilize, improve and 
accumulate development 
artifacts from the 
succession of process 
model execution cycles. 
The artifacts are design 
development products and 
by-products such as but not 
limited to: configuration 
baselines, design 
justification notes, design 
progression notes, 
verification procedures, 
validation procedures, etc…  

 

20 The SoSE TDE shall 
provide a front-end 
assessment step. 

12 The SoSE TDPM shall 
perform an initial 
assessment of the 
accumulated development 
artifacts at each initiation of 
the process model 
execution cycle. The 
assessment establishes the 
starting point of the 
development effort.    

 

1 The SoSE TDE shall 
accommodate 
changing technical 
development direction. 

13 The SoSE TDPM shall 
provide flexibility to 
accommodate change in the 
technical design. The 
technical design change 
may include but is not 
limited to: new technical 
direction, requirement 
update, improvement, 
supplementary 
functionality, problem 
resolution. 

 

15 The SoSE TDE shall 
support dynamically 
changing 
requirements. 

  Consolidate ^  
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Old 
ID 

SoSE TDE 
Requirements 

New 
ID 

SoSE TDPM Requirements Shortfalls 

25 The SoSE TDE shall 
have the flexibility to 
accept dynamically 
changing 
requirements. 

  Consolidate ^  

26 The SoSE TDE shall 
have the flexibility to 
develop with 
undefined SoS-Wide 
functionality. 

  Consolidate ^  

  Derived -> 14 The SoSE TDPM shall 
provide flexibility to 
accommodate a change in 
the technical design at the 
start of a new process 
model execution cycle.   

 

  Derived -> 15 The SoSE TDPM shall 
provide flexibility to 
accommodate a higher 
priority change in technical 
design by re-initiating a 
new process model 
execution cycle.  

Dynamic 

  Derived -> 16 The SoSE TDPM shall 
restore the technical 
development effort prior to 
the re-initiating a new 
process execution cycle. 

 

  Derived -> 17 The SoSE TDPM shall 
provide flexibility to 
accommodate an update in 
the technical design during 
the process execution cycle. 

Dynamic 

  Derived -> 18 The SoSE TDPM shall 
provide flexibility to 
accommodate a new change 
in the technical design 
during the process 
execution cycle. 

Dynamic 
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Old 
ID 

SoSE TDE 
Requirements 

New 
ID SoSE TDPM Requirements Shortfalls 

16 The SoSE TDE shall 
support the 
development, 
detection and 
monitoring of 
emergent behavior.   

19 The SoSE TDPM shall 
support predictable 
emergent behavior 
development in the SoS-
Constituent operational 
environment for SoS-Wide 
use. 

Emergent Behavior 

  Derived -> 20 The SoSE TDPM shall 
support predictable and 
unpredictable emergent 
behavior development in 
the SoS-Wide operational 
environment.  

Emergent Behavior 

  Derived  21 The SoSE TDPM shall 
include, but is not limited to 
the detection, utility 
determination, 
implementation, 
optimization and utilization 
of emergent behavior. 

Emergent Behavior 

  Derived -> 22 The SoSE TDPM shall 
verify and validate 
emergent behavior in the 
SoS-Wide operational 
environment.   

Emergent Behavior 

3 The SoSE TDE shall 
adhere to SoS-Wide 
development direction 
when no SoS-
Constituent conflict is 
identified. 

23 The SoSE TDPM shall 
support SoS-Wide 
development efforts while 
advocating SoS-Constituent 
technical interests.   

 

2 The SoSE TDE shall 
adhere to SoS-Wide 
technical development 
standards. 

24 The SoSE TDPM shall 
accept technical direction 
from SoS-Wide when it 
does not conflict with SoS-
Constituent technical 
interests. 

Collaboration 

4 The SoSE TDE shall 
adhere to SoS-Wide 
engineering practices. 

  Consolidate ^  
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Old 
ID 

SoSE TDE 
Requirements 

New 
ID 

SoSE TDPM Requirements Shortfalls 

5 The SoSE TDE shall 
adhere to SoS-Wide 
governance 
procedures. 

  Consolidate ^  

6 The SoSE TDE shall 
adhere to SoS-Wide 
performance 
standards. 

  Consolidate ^  

22 The SoSE TDE shall 
adhere to 
interoperability 
requirements 

  Consolidate ^  

23 The SoSE TDE shall 
adhere to SoS-Wide 
interoperability 
requirements, 
verification and 
validation. 

  Consolidate ^  

36 The SoSE TDE shall 
receive technical 
direction relating to 
SoS-Wide operation. 

  Consolidate ^  

31 The SoSE TDE shall 
identify technical 
impacts relating to 
SoS-Wide trade 
studies. 

25 The SoSE TDPM shall 
evaluate technical direction 
from SoS-Wide to access 
impacts and identify 
conflicts with SoS-
Constituent technical 
interests. 

Collaboration 

27 The SoSE TDE shall 
identify conflicts with 
SoS-Wide 
development direction. 

  Consolidate ^  

28 The SoSE TDE shall 
identify technical 
constraints and 
conflicts relating to 
SoS-Wide operation.   

  Consolidate ^  

29 The SoSE TDE shall 
identify technical 
impacts relating to 
allocated SoS-Wide 
requirements. 

  Consolidate ^  
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Old 
ID 

SoSE TDE 
Requirements 

New 
ID 

SoSE TDPM Requirements Shortfalls 

30 The SoSE TDE shall 
identify technical 
impacts relating to 
SoS-Wide operation.   

  Consolidate ^  

10 The SoSE TDE shall 
identify change 
impacts to SoS-Wide 
as part of change 
collaboration. 

  Consolidate ^  

17 The SoSE TDE shall 
utilize SoS-Wide 
feedback in SoS-
Constituent 
development when no 
conflict exists. 

  Consolidate ^  

  Derived -> 26 The SoSE TDPM shall 
provide feedback to SoS-
Wide when technical 
direction conflict is 
detected. 

Collaboration 

8 The SoSE TDE shall 
collaborate changes 
with SoS-Wide prior 
to implementation. 

27 The SoSE TDPM shall 
coordinate SoS-Constituent 
initiated technical changes 
with SoS-Wide prior to 
implementation. 

Collaboration 

9 The SoSE TDE shall 
collaborate trade 
studies results with 
SoS-Wide to identify 
SoS-Wide impacts. 

28 The SoSE TDPM shall 
evaluate SoS-Wide initiated 
technical changes and 
provide feedback to SoS-
Wide. 

Collaboration 

  Derived -> 29 The SoSE TDPM shall 
identify SoS-Constituent 
technical development 
constraints with SoS-Wide. 

Collaboration 

21 The SoSE TDE shall 
validate changes at the 
SoS-Wide level. 

30 The SoSE TDPM shall 
verify and validate SoS-
Wide requirements in the 
SoS-Wide operational 
environment.  

Collaboration 

  Derived -> 32 The SoSE TDPM shall 
coordinate the verification 
and validation of affected 
legacy IS requirements with 
SoS-Wide. 

Collaboration 
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Old 
ID 

SoSE TDE 
Requirements 

New 
ID SoSE TDPM Requirements Shortfalls 

  Derived -> 31 The SoSE TDPM shall 
verify and validate SoS-
Constituent and legacy IS 
requirements in the SoS-
Wide operational 
environment. 

Collaboration 

18 The SoSE TDE shall 
utilized Model and 
Simulation testing 
prior to SoS-Wide 
testing.  

33 The SoSE TDPM shall 
utilized modeling and 
simulation testing prior to 
SoS-Wide operational 
environment testing.  

 

32 The SoSE TDE shall 
join together SoS-
Wide technical 
direction with desired 
legacy capabilities.  

34 The SoSE TDPM shall join 
together the legacy IS with 
SoS-Wide technical 
objectives. 

 

35 The SoSE TDE shall 
preserve autonomous 
operation in its 
development. 

35 The SoSE TDPM shall 
preserve legacy IS 
autonomous operations.  

 

37 The SoSE TDE shall 
focus on an interface 
architecture. 

36 The SoSE TDPM shall 
provide technical focus on 
an interface architecture. 

 

7 The SoSE TDE shall 
balance SoS-Wide 
performance criteria 
with autonomous 
operation performance 
criteria. 

37 The SoSE TDPM shall 
balance SoS-Wide 
performance criteria with 
legacy IS autonomous 
operation performance 
criteria. 

 

  Derived -> 38 The SoSE TDPM shall 
balance legacy IS technical 
development interests with 
SoS-Wide technical 
development interests. 

 

34 The SoSE TDE shall 
minimize impacts to 
desired legacy 
capabilities when 
adhering to SoS-Wide 
technical direction. 

39 The SoSE TDPM shall 
minimize impacts to desired 
legacy IS capabilities when 
adhering to SoS-Wide 
technical direction. 
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Old 
ID 

SoSE TDE 
Requirements 

New 
ID 

SoSE TDPM Requirements Shortfalls 

19 The SoSE TDE shall 
account for re-use 
products (new). 

40 The SoSE TDPM shall 
incorporate reengineering, 
reuse and engineering 
development as a method to 
form an aggregate 
development effort.   

 

33 The SoSE TDE shall 
manage SoS-
Constituent and legacy 
requirements.  

41 The SoSE TDPM shall 
manage two-levels (SoS-
Constituent and legacy IS) 
of requirements.    

Requirements  
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APPENDIX I – Prospective Survey Instrument One 

The Appendix I contains survey instrument one taken from SurveyMonkey.com®



189 

 

 

 



190 

 

 

 



191 

 

 

 



192 

 

 

 



193 

 

 

 



194 

 

 

 



195 

 

 

 



196 

 

 

 



197 

 

 

 



198 

 

 

 



199 

 

 

 



200 

 

 

 



201 

 

 

 

 



202 

 

 

 



203 

 

 

 



204 

 

 

 



205 

 

 

 



206 

 

 



207 

 

 

  

 

APPENDIX J – Prospective Survey Instrument Two 

The Appendix J contains survey instrument two taken from SurveyMonkey.com ® 
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APPENDIX K – Prospective Survey One Demographic Data 

The Appendix K contains prospective survey one demographic data taken from the 

results of SPSS® Statistics 17.0.   
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Table K-1: Statistics  

  
DEM2 DEM3 DEM4A DEM4B DEM5 

N Valid 16 16 16 16 16 

Missing 0 0 0 0 0 

 Mean 1.8750 39.2500 1.8750 32.6875 1.1250 

Std. Error of Mean .08539 2.56661 .17970 2.43536 .08539 

Median 2.0000 36.0000 2.0000 33.5000 1.0000 

Mode 2.00 31.00 2.00 33.00a 1.00 

Std. Deviation .34157 10.26645 .71880 9.74145 .34157 

Variance .117 105.400 .517 94.896 .117 

Skewness -2.509 .900 .192 -.609 2.509 

Std. Error of Skewness .564 .564 .564 .564 .564 

Range 1.00 31.00 2.00 35.00 1.00 

Minimum 1.00 28.00 1.00 14.00 1.00 

Maximum 2.00 59.00 3.00 49.00 2.00 

Sum 30.00 628.00 30.00 523.00 18.00 

Percentiles 25 2.0000 31.0000 1.0000 28.5000 1.0000 

50 2.0000 36.0000 2.0000 33.5000 1.0000 

75 2.0000 50.2500 2.0000 38.7500 1.0000 

a. Multiple modes exist. The smallest value is shown 
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Table K-2: Statistics  

  
DEM6 DEM7 DEM8 DEM9 DEM10 

N Valid 16 16 16 16 16 

Missing 0 0 0 0 0 

 Mean 2.1875 19.8750 1.0625 1.6250 4.0625 

Std. Error of Mean .10078 1.64538 .06250 .12500 .21348 

Median 2.0000 21.0000 1.0000 2.0000 4.0000 

Mode 2.00 13.00 1.00 2.00 5.00 

Std. Deviation .40311 6.58154 .25000 .50000 .85391 

Variance .163 43.317 .063 .250 .729 

Skewness 1.772 .202 4.000 -.571 -.129 

Std. Error of Skewness .564 .564 .564 .564 .564 

Range 1.00 20.00 1.00 1.00 2.00 

Minimum 2.00 11.00 1.00 1.00 3.00 

Maximum 3.00 31.00 2.00 2.00 5.00 

Sum 35.00 318.00 17.00 26.00 65.00 

Percentiles 25 2.0000 13.2500 1.0000 1.0000 3.0000 

50 2.0000 21.0000 1.0000 2.0000 4.0000 

75 2.0000 24.7500 1.0000 2.0000 5.0000 
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Frequency Tables 

 

 

Table K-3: DEM2  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 2 12.5 12.5 12.5 

2.00 14 87.5 87.5 100.0 

Total 16 100.0 100.0  

 

 

Table K-4: DEM3  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 28.00 1 6.3 6.3 6.3 

29.00 1 6.3 6.3 12.5 

31.00 3 18.8 18.8 31.3 

33.00 1 6.3 6.3 37.5 

34.00 1 6.3 6.3 43.8 

36.00 2 12.5 12.5 56.3 

37.00 1 6.3 6.3 62.5 

39.00 1 6.3 6.3 68.8 

42.00 1 6.3 6.3 75.0 

53.00 1 6.3 6.3 81.3 

54.00 1 6.3 6.3 87.5 

55.00 1 6.3 6.3 93.8 

59.00 1 6.3 6.3 100.0 
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Table K-4: DEM3  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 28.00 1 6.3 6.3 6.3 

29.00 1 6.3 6.3 12.5 

31.00 3 18.8 18.8 31.3 

33.00 1 6.3 6.3 37.5 

34.00 1 6.3 6.3 43.8 

36.00 2 12.5 12.5 56.3 

37.00 1 6.3 6.3 62.5 

39.00 1 6.3 6.3 68.8 

42.00 1 6.3 6.3 75.0 

53.00 1 6.3 6.3 81.3 

54.00 1 6.3 6.3 87.5 

55.00 1 6.3 6.3 93.8 

59.00 1 6.3 6.3 100.0 

Total 16 100.0 100.0  

 

 

Table K-5: DEM4A  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 5 31.3 31.3 31.3 

2.00 8 50.0 50.0 81.3 

3.00 3 18.8 18.8 100.0 

Total 16 100.0 100.0  
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Table K-6: DEM4B  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 14.00 1 6.3 6.3 6.3 

15.00 1 6.3 6.3 12.5 

20.00 1 6.3 6.3 18.8 

28.00 1 6.3 6.3 25.0 

30.00 1 6.3 6.3 31.3 

31.00 1 6.3 6.3 37.5 

33.00 2 12.5 12.5 50.0 

34.00 1 6.3 6.3 56.3 

36.00 1 6.3 6.3 62.5 

38.00 2 12.5 12.5 75.0 

39.00 1 6.3 6.3 81.3 

42.00 1 6.3 6.3 87.5 

43.00 1 6.3 6.3 93.8 

49.00 1 6.3 6.3 100.0 

Total 16 100.0 100.0  

 

 

Table K-7: DEM5  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 14 87.5 87.5 87.5 

2.00 2 12.5 12.5 100.0 

Total 16 100.0 100.0  
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Table K-8: DEM6  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2.00 13 81.3 81.3 81.3 

3.00 3 18.8 18.8 100.0 

Total 16 100.0 100.0  

 

 

 

Table K-9: DEM7  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 11.00 1 6.3 6.3 6.3 

13.00 3 18.8 18.8 25.0 

14.00 2 12.5 12.5 37.5 

15.00 1 6.3 6.3 43.8 

21.00 2 12.5 12.5 56.3 

23.00 1 6.3 6.3 62.5 

24.00 2 12.5 12.5 75.0 

25.00 1 6.3 6.3 81.3 

26.00 1 6.3 6.3 87.5 

30.00 1 6.3 6.3 93.8 

31.00 1 6.3 6.3 100.0 

Total 16 100.0 100.0  
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Table K-10: DEM8  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 15 93.8 93.8 93.8 

2.00 1 6.3 6.3 100.0 

Total 16 100.0 100.0  

 

 

Table K-11: DEM9  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 6 37.5 37.5 37.5 

2.00 10 62.5 62.5 100.0 

Total 16 100.0 100.0  

 

 

Table K-12: DEM10  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 3.00 5 31.3 31.3 31.3 

4.00 5 31.3 31.3 62.5 

5.00 6 37.5 37.5 100.0 

Total 16 100.0 100.0  
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Bar Charts 

 

 

Figure K-1: DEM2 

 

Figure K-2: DEM3 
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Figure K-3: DEM4A 

 

 

Figure K-4: DEM4B  
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Figure K-5: DEM5 

 

Figure K-6: DEM6 
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Figure K-7: DEM7 

 

Figure K-8: DEM8 
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Figure K-9: DEM9 

 

Figure K-10: DEM10 
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APPENDIX L – Prospective Survey One Attitude Data   

The Appendix L contains prospective survey one data from SPSS® Statistics 17.0.   
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Table L-1: Statistics  

  

EB1 EB2 DYN1 DYN2 

DUALITY

1A 

N Valid 16 16 16 16 16 

Missing 0 0 0 0 0 

 Mean 2.8125 3.0000 3.6875 3.7500 2.8125 

Std. Error of Mean .20854 .28868 .25362 .23274 .26171 

Median 3.0000 3.0000 4.0000 4.0000 3.0000 

Mode 3.00 3.00a 4.00 4.00 3.00a 

Std. Deviation .83417 1.1547

0 

1.0144

8 

.93095 1.04682 

Variance .696 1.333 1.029 .867 1.096 

Skewness -.397 -.297 -.587 -.567 -.375 

Std. Error of Skewness .564 .564 .564 .564 .564 

Kurtosis .100 -.570 -.534 -.119 -.948 

Std. Error of Kurtosis 1.091 1.091 1.091 1.091 1.091 

Range 3.00 4.00 3.00 3.00 3.00 

Minimum 1.00 1.00 2.00 2.00 1.00 

Maximum 4.00 5.00 5.00 5.00 4.00 

Sum 45.00 48.00 59.00 60.00 45.00 

Percentiles 25 2.0000 2.0000 3.0000 3.0000 2.0000 

50 3.0000 3.0000 4.0000 4.0000 3.0000 

75 3.0000 4.0000 4.0000 4.0000 4.0000 

a. Multiple modes exist. The smallest value is shown 
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Table L-2: Statistics  

  
DUALITY1B DUALITY1C DUALITY2 COLL1 COLL2 

N Valid 16 16 16 16 16 

Missing 0 0 0 0 0 

 Mean 2.5625 3.8125 3.8750 3.3125 3.3750 

Std. Error of Mean .27339 .22765 .28687 .23662 .25617 

Median 2.5000 4.0000 4.0000 3.5000 3.5000 

Mode 2.00 4.00 5.00 4.00 4.00 

Std. Deviation 1.09354 .91059 1.14746 .94648 1.02470 

Variance 1.196 .829 1.317 .896 1.050 

Skewness -.007 -.797 -.634 -.187 -.040 

Std. Error of Skewness .564 .564 .564 .564 .564 

Kurtosis -1.228 .412 -.958 -1.029 -1.067 

Std. Error of Kurtosis 1.091 1.091 1.091 1.091 1.091 

Range 3.00 3.00 3.00 3.00 3.00 

Minimum 1.00 2.00 2.00 2.00 2.00 

Maximum 4.00 5.00 5.00 5.00 5.00 

Sum 41.00 61.00 62.00 53.00 54.00 

Percentiles 25 2.0000 3.2500 3.0000 2.2500 2.2500 

50 2.5000 4.0000 4.0000 3.5000 3.5000 

75 3.7500 4.0000 5.0000 4.0000 4.0000 
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Table L-3: Statistics  

  
COLL3 REQ1 REQ2 

N Valid 16 16 16 

Missing 0 0 0 

 Mean 3.5000 3.8125 3.7500 

Std. Error of Mean .24152 .27717 .25000 

Median 4.0000 4.0000 4.0000 

Mode 4.00 4.00 4.00 

Std. Deviation .96609 1.1086

8 

1.0000

0 

Variance .933 1.229 1.000 

Skewness -.253 -.588 -.343 

Std. Error of 

Skewness 

.564 .564 .564 

Kurtosis -.735 -.860 -.738 

Std. Error of Kurtosis 1.091 1.091 1.091 

Range 3.00 3.00 3.00 

Minimum 2.00 2.00 2.00 

Maximum 5.00 5.00 5.00 

Sum 56.00 61.00 60.00 

Percentile

s 

25 3.0000 3.0000 3.0000 

50 4.0000 4.0000 4.0000 

75 4.0000 5.0000 4.7500 
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Frequency Tables 

 

 

Table L-4: EB1  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 1 6.3 6.3 6.3 

2.00 4 25.0 25.0 31.3 

3.00 8 50.0 50.0 81.3 

4.00 3 18.8 18.8 100.0 

Total 16 100.0 100.0  

 

 

Table L-5: EB2  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 2 12.5 12.5 12.5 

2.00 3 18.8 18.8 31.3 

3.00 5 31.3 31.3 62.5 

4.00 5 31.3 31.3 93.8 

5.00 1 6.3 6.3 100.0 

Total 16 100.0 100.0  
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Table L-6: DYN1  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2.00 3 18.8 18.8 18.8 

3.00 2 12.5 12.5 31.3 

4.00 8 50.0 50.0 81.3 

5.00 3 18.8 18.8 100.0 

Total 16 100.0 100.0  

 

 

Table L-7: DYN2  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2.00 2 12.5 12.5 12.5 

3.00 3 18.8 18.8 31.3 

4.00 8 50.0 50.0 81.3 

5.00 3 18.8 18.8 100.0 

Total 16 100.0 100.0  

 

 

Table L-8: DUALITY1A  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 2 12.5 12.5 12.5 

2.00 4 25.0 25.0 37.5 

3.00 5 31.3 31.3 68.8 

4.00 5 31.3 31.3 100.0 



 

262 

 

Table L-8: DUALITY1A  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 2 12.5 12.5 12.5 

2.00 4 25.0 25.0 37.5 

3.00 5 31.3 31.3 68.8 

4.00 5 31.3 31.3 100.0 

Total 16 100.0 100.0  

 

 

Table L-9: DUALITY1B  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 3 18.8 18.8 18.8 

2.00 5 31.3 31.3 50.0 

3.00 4 25.0 25.0 75.0 

4.00 4 25.0 25.0 100.0 

Total 16 100.0 100.0  

 

 

Table L-10: DUALITY1C  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2.00 2 12.5 12.5 12.5 

3.00 2 12.5 12.5 25.0 

4.00 9 56.3 56.3 81.3 

5.00 3 18.8 18.8 100.0 

Total 16 100.0 100.0  
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Table L-11: DUALITY2  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2.00 3 18.8 18.8 18.8 

3.00 2 12.5 12.5 31.3 

4.00 5 31.3 31.3 62.5 

5.00 6 37.5 37.5 100.0 

Total 16 100.0 100.0  

 

 

Table L-12: COLL1  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2.00 4 25.0 25.0 25.0 

3.00 4 25.0 25.0 50.0 

4.00 7 43.8 43.8 93.8 

5.00 1 6.3 6.3 100.0 

Total 16 100.0 100.0  

 

 

Table L-13: COLL2  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2.00 4 25.0 25.0 25.0 

3.00 4 25.0 25.0 50.0 

4.00 6 37.5 37.5 87.5 

5.00 2 12.5 12.5 100.0 

Total 16 100.0 100.0  
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Table L-14: COLL3  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2.00 3 18.8 18.8 18.8 

3.00 4 25.0 25.0 43.8 

4.00 7 43.8 43.8 87.5 

5.00 2 12.5 12.5 100.0 

Total 16 100.0 100.0  

 

 

Table L-15: REQ1  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2.00 3 18.8 18.8 18.8 

3.00 2 12.5 12.5 31.3 

4.00 6 37.5 37.5 68.8 

5.00 5 31.3 31.3 100.0 

Total 16 100.0 100.0  

 

 

Table L-16: REQ2  

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2.00 2 12.5 12.5 12.5 

3.00 4 25.0 25.0 37.5 

4.00 6 37.5 37.5 75.0 

5.00 4 25.0 25.0 100.0 

Total 16 100.0 100.0  
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Bar Charts 

 

 

Figure L-1: EB1  
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Figure L-2: EB2  

 

 

 

Figure L-3: DYN1  
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Figure L-4: DYN2  

 

 

 

Figure L-5: DUALITY1A  
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Figure L-6: DUALITY1B  

 

 

 

 

Figure L-6: DUALITY1C  
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Figure L-7: DUALITY2  

 

 

 

 

Figure L-8: COLL1  
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Figure L-9: COLL2  

 

 

 

 

Figure L-10: COLL3  
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Figure L-11: REQ1  

 

 

 

 

Figure L-12: REQ2  
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APPENDIX M – Prospective Survey One Attitude Findings (Inconclusive and 

Unconfirmed) 

The Appendix M contains prospective survey one findings that are inconclusive or 

unconfirmed (taken from SPSS® Statistics 17.0).   

 

 



 

273 

 

 
 

�
�

 
Figure M-1: 	
����
��0��������"�8	0"9���������������>���������: �������  

Central Tendency: Balanced 

Dispersion: Balanced 

Conclusion: Inconclusive  

 

 
Figure M-2: %�
�
�����8%L��9�������������>���������:�������

Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.8675, mode=median=4.0) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area”) 

Conclusion: Unconfirmed   
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Figure M-3: %�
�
���"�8%L�"9�������������>���������:�������

Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.75, mode=median=4.0) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area”) 

Conclusion: Unconfirmed   

 

 
�Figure M-4: %��������=�8%F=&'�L�9�������������>���������:������ �
�

Central Tendency: Balanced 

Dispersion: Balanced 

Conclusion: Inconclusive 
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Figure M-5: %��������0�8%F=&'�L�09H���
��
������
��
�
���
��H�� �����������>���������:�������
 

Central Tendency: N/A  

Dispersion:  N/A 

Conclusion:  Removed from evaluation due to it being a choice of DUALITY1A 

 
 

 
Figure M-6: %����������8%F=&'�L��9�G����
����
�����
��
�
�H���� ���������>���������:�������

Central Tendency: N/A  

Dispersion:  N/A 

Conclusion:  Removed from evaluation due to it being a choice of DUALITY1A 
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Figure M-7: %�������"�8%F=&'�L"9�������������>���������:�������

Central Tendency: N/A 

Dispersion: N/A 

Conclusion: Removed from evaluation from being a mixed question that covers both 

duality and emergent behavior. 

 

 
Figure M-8: �������������
��8�?&&�9�������������>���������:���� ���

Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.3125, mode=4.0, median=3.5) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area”) 

Conclusion: Unconfirmed   
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Figure M-9: �������������
"�8�?&&"9�������������>���������:���� ���

Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.375, mode=4.0, median=3.5) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area”) 

Conclusion: Unconfirmed   

 

 
Figure M-10: ������������
+�8�?&&+9�������������>���������:����� ��

Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.5, mode=median=4.0) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area”) 

Conclusion: Unconfirmed   
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Figure M-11: :�;����
�
���8:	M�9�������������>���������:�������

Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.8.125, mode=median=4.0) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area”) 

Conclusion: Unconfirmed   

 

 
Figure M-12: :�;����
�
��"�8:	M"9�������������>���������:�������

Central Tendency: Departs symmetry (value 3.0) 

Skews left (mean = 3.75, mode=median=4.0) 

Dispersion: Departs symmetry departs symmetry from the value 3.0 (towards the 

“agree” Likert scale area”) 

Conclusion: Unconfirmed   
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APPENDIX N – Prospective Survey Two Data   

The Appendix N contains prospective survey two “raw data” taken from SPSS® 

Statistics 17.0.   
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Notes  

 Output Created 28-Apr-2009 07:53:47 

Comments  

Input Data C:\Users\DARRYL\Documents\survey2.

sav 

Active Dataset DataSet3 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 

11 

Missing Value Handling Definition of Missing User-defined missing values are treated 

as missing. 

Cases Used Statistics are based on all cases with 

valid data. 

 Syntax FREQUENCIES 

VARIABLES=ATTITUDE1 ATTITUDE2 

ATTITUDE3 ATTITUDE4 ATTITUDE5 

ATTITUDE6 ATTITUDE7 ATTITUDE8 

ATTITUDE9 ATTITUDE10 ATTITUDE11 

ATTITDUE12 ATTITUDE13 

ATTITUDE14 ATTITUDE15 

ATTITUDE16 

  /NTILES=4 

  /NTILES=4 

  /STATISTICS=STDDEV VARIANCE 

RANGE MINIMUM MAXIMUM SEMEAN 

MEAN MEDIAN MODE SUM 

SKEWNESS SESKEW KURTOSIS 

SEKURT 

  /BARCHART FREQ 

  /ORDER=ANALYSIS. 

 

Resources Processor Time 0:00:06.677 

Elapsed Time 0:00:06.817 
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[DataSet3] C:\Users\DARRYL\Documents\survey2.sav 

 

 

Statistics  

  
ATTITUDE1 ATTITUDE2 ATTITUDE3 ATTITUDE4 

N Valid 11 11 11 11 

Missing 0 0 0 0 

 Mean 3.7273 3.1818 3.4545 3.5455 

Std. Error of Mean .27273 .29598 .31228 .31228 

Median 4.0000 3.0000 4.0000 4.0000 

Mode 4.00 4.00 4.00 4.00 

Std. Deviation .90453 .98165 1.03573 1.03573 

Variance .818 .964 1.073 1.073 

Skewness -3.317 -1.204 -1.833 -2.127 

Std. Error of Skewness .661 .661 .661 .661 

Kurtosis 11.000 1.136 2.449 3.492 

Std. Error of Kurtosis 1.279 1.279 1.279 1.279 

Range 3.00 3.00 3.00 3.00 

Minimum 1.00 1.00 1.00 1.00 

Maximum 4.00 4.00 4.00 4.00 

Sum 41.00 35.00 38.00 39.00 

Percentiles 25 4.0000 3.0000 3.0000 4.0000 

50 4.0000 3.0000 4.0000 4.0000 

75 4.0000 4.0000 4.0000 4.0000 
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Statistics  

  
ATTITUDE5 ATTITUDE6 ATTITUDE7 ATTITUDE8 

N Valid 11 11 11 11 

Missing 0 0 0 0 

 Mean 3.3636 3.1818 3.4545 3.6364 

Std. Error of Mean .30963 .29598 .28167 .33771 

Median 4.0000 3.0000 4.0000 4.0000 

Mode 4.00 4.00 4.00 4.00 

Std. Deviation 1.02691 .98165 .93420 1.12006 

Variance 1.055 .964 .873 1.255 

Skewness -1.584 -1.204 -2.089 -1.199 

Std. Error of Skewness .661 .661 .661 .661 

Kurtosis 1.744 1.136 4.750 2.334 

Std. Error of Kurtosis 1.279 1.279 1.279 1.279 

Range 3.00 3.00 3.00 4.00 

Minimum 1.00 1.00 1.00 1.00 

Maximum 4.00 4.00 4.00 5.00 

Sum 37.00 35.00 38.00 40.00 

Percentiles 25 3.0000 3.0000 3.0000 3.0000 

50 4.0000 3.0000 4.0000 4.0000 

75 4.0000 4.0000 4.0000 4.0000 
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Statistics  

  
ATTITUDE9 ATTITUDE10 ATTITUDE11 ATTITDUE12 

N Valid 11 11 11 11 

Missing 0 0 0 0 

 Mean 3.0909 3.1818 3.5455 3.7273 

Std. Error of Mean .31492 .29598 .36590 .27273 

Median 3.0000 3.0000 4.0000 4.0000 

Mode 4.00 4.00 4.00 4.00 

Std. Deviation 1.04447 .98165 1.21356 .90453 

Variance 1.091 .964 1.473 .818 

Skewness -.856 -1.204 -.949 -3.317 

Std. Error of Skewness .661 .661 .661 .661 

Kurtosis -.260 1.136 .654 11.000 

Std. Error of Kurtosis 1.279 1.279 1.279 1.279 

Range 3.00 3.00 4.00 3.00 

Minimum 1.00 1.00 1.00 1.00 

Maximum 4.00 4.00 5.00 4.00 

Sum 34.00 35.00 39.00 41.00 

Percentiles 25 2.0000 3.0000 3.0000 4.0000 

50 3.0000 3.0000 4.0000 4.0000 

75 4.0000 4.0000 4.0000 4.0000 
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Statistics  

  
ATTITUDE13 ATTITUDE14 ATTITUDE15 ATTITUDE16 

N Valid 11 11 11 11 

Missing 0 0 0 0 

 Mean 3.5455 3.7273 3.3636 3.5455 

Std. Error of Mean .28167 .30424 .27872 .28167 

Median 4.0000 4.0000 4.0000 4.0000 

Mode 4.00 4.00 4.00 4.00 

Std. Deviation .93420 1.00905 .92442 .93420 

Variance .873 1.018 .855 .873 

Skewness -2.408 -2.194 -1.834 -2.408 

Std. Error of Skewness .661 .661 .661 .661 

Kurtosis 6.063 6.138 3.934 6.063 

Std. Error of Kurtosis 1.279 1.279 1.279 1.279 

Range 3.00 4.00 3.00 3.00 

Minimum 1.00 1.00 1.00 1.00 

Maximum 4.00 5.00 4.00 4.00 

Sum 39.00 41.00 37.00 39.00 

Percentiles 25 3.0000 4.0000 3.0000 3.0000 

50 4.0000 4.0000 4.0000 4.0000 

75 4.0000 4.0000 4.0000 4.0000 
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Frequency Table 

 

 

 

 

ATTITUDE2 

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 1 9.1 9.1 9.1 

2.00 1 9.1 9.1 18.2 

3.00 4 36.4 36.4 54.5 

4.00 5 45.5 45.5 100.0 

Total 11 100.0 100.0  

 

ATTITUDE3 

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 1 9.1 9.1 9.1 

2.00 1 9.1 9.1 18.2 

3.00 1 9.1 9.1 27.3 

4.00 8 72.7 72.7 100.0 

Total 11 100.0 100.0  

ATTITUDE1 

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 1 9.1 9.1 9.1 

4.00 10 90.9 90.9 100.0 

Total 11 100.0 100.0  
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ATTITUDE4 

  Frequen

cy 

Percen

t 

Valid 

Percent 

Cumulative 

Percent 

Valid 1.00 1 9.1 9.1 9.1 

2.00 1 9.1 9.1 18.2 

4.00 9 81.8 81.8 100.0 

Total 11 100.0 100.0  

 

 

ATTITUDE5 

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 1 9.1 9.1 9.1 

2.00 1 9.1 9.1 18.2 

3.00 2 18.2 18.2 36.4 

4.00 7 63.6 63.6 100.0 

Total 11 100.0 100.0  

 

 

ATTITUDE6 

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 1 9.1 9.1 9.1 

2.00 1 9.1 9.1 18.2 

3.00 4 36.4 36.4 54.5 

4.00 5 45.5 45.5 100.0 

Total 11 100.0 100.0  
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ATTITUDE7 

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 1 9.1 9.1 9.1 

3.00 3 27.3 27.3 36.4 

4.00 7 63.6 63.6 100.0 

Total 11 100.0 100.0  

 

 

ATTITUDE8 

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 1 9.1 9.1 9.1 

3.00 3 27.3 27.3 36.4 

4.00 5 45.5 45.5 81.8 

5.00 2 18.2 18.2 100.0 

Total 11 100.0 100.0  

 

 

ATTITUDE9 

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 1 9.1 9.1 9.1 

2.00 2 18.2 18.2 27.3 

3.00 3 27.3 27.3 54.5 

4.00 5 45.5 45.5 100.0 

Total 11 100.0 100.0  
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ATTITUDE10 

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 1 9.1 9.1 9.1 

2.00 1 9.1 9.1 18.2 

3.00 4 36.4 36.4 54.5 

4.00 5 45.5 45.5 100.0 

Total 11 100.0 100.0  

 

 

ATTITUDE11 

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 1 9.1 9.1 9.1 

2.00 1 9.1 9.1 18.2 

3.00 2 18.2 18.2 36.4 

4.00 5 45.5 45.5 81.8 

5.00 2 18.2 18.2 100.0 

Total 11 100.0 100.0  

 

 

ATTITDUE12 

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 1 9.1 9.1 9.1 

4.00 10 90.9 90.9 100.0 

Total 11 100.0 100.0  
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ATTITUDE13 

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 1 9.1 9.1 9.1 

3.00 2 18.2 18.2 27.3 

4.00 8 72.7 72.7 100.0 

Total 11 100.0 100.0  

 

 

ATTITUDE14 

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 1 9.1 9.1 9.1 

3.00 1 9.1 9.1 18.2 

4.00 8 72.7 72.7 90.9 

5.00 1 9.1 9.1 100.0 

Total 11 100.0 100.0  

 

 

ATTITUDE15 

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 1 9.1 9.1 9.1 

3.00 4 36.4 36.4 45.5 

4.00 6 54.5 54.5 100.0 

Total 11 100.0 100.0  
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ATTITUDE16 

  

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.00 1 9.1 9.1 9.1 

3.00 2 18.2 18.2 27.3 

4.00 8 72.7 72.7 100.0 

Total 11 100.0 100.0  

 

 
 

Bar Chart 
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