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ABSTRACT

Army acquisition programs are faced with increasing technical complexity and
interdependence as most program products must integrate into a system of systems. Low
quantity of systems engineers and poor quality systems engineering is credited as central to
program failure. In an Army Systems Engineering Forum, the Army System of Systems
Engineer (SoSE) asked what could be done to recruit, train, certify, and retain systems
engineers. This paper answers that question, and identifies that it cannot be “fixed” in
isolation of addressing an Army culture that does not focus its efforts on training the
personnel it already has. Quantity issues are not being addressed at the service level with
recruiting efforts. Organizations do not have formal collateral personnel exchange
programs, yet many perform systems engineering functions. Training and certification
gaps exist despite availability of training because personnel are not mandated to be certified
to accept positions, in many cases. Systems engineering, although not blameless, is not the
only issue. We also explore how the technical background of those that blame or want to
“fix” systems engineering is an unbalanced perspective and omits the organizational issues
and individual contributions of systems engineers and the other members of the program

manager’s (PM) team.
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l. INTRODUCTION

A. BACKGROUND

Arguably, the United States (U.S.) fields the most operationally effective military
force in the world. However, fielding such a force has been challenging, as seen by the
multiple Government Accountability Office (GAO) reports of cost and schedule
overruns. According to the GAO, development costs for Major Defense Acquisition
Programs (MDAP) are often underestimated at program initiation, sometimes by 30 to
40% (GAO, 2008c). Additionally, weapons systems programs are initiated without
sufficient knowledge about system requirements, technology, or design maturity. This
lack of knowledge leads managers to rely on assumptions that are consistently too
optimistic, exposing programs to unnecessary risks, and, ultimately, cost growth and
schedule delays (GAO, 2008b). The GAO has also reported that within the Department
of Defense (DoD), there was an average delay of 22 months in delivering initial
capabilities for MDAPs (GAO, 2010).

The acquisition community within the DoD has come under intense scrutiny from
Congress for cost overruns and schedule delays and has caused extreme frustration for
the warfighters because of the late-to-need delivery of reduced capabilities (GAO, 2009).
The increasing complexity of acquisitions within the DoD is part of the reason. Weapons
systems acquisitions, the totality of effort to bring a product to fielding, are no longer
complete stand-alone fielded entities; instead, they are systems within systems with

interdependencies on a scale never before attempted.

The U.S.—and specifically the DoD acquisition process—faces a complex and
uncertain security landscape in which the pace of change continues to accelerate.
Changes include new foreign powers, non-state actors, and the availability of destruction
enabling technologies (DoD, 2010).

The difficult task of a systems engineer includes translating the warfighter’s
request for capability into a solution that properly addresses the tradeoffs between

multiple factors (e.g., cost, schedule, performance, and quality). This includes the
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interconnectedness of subcomponents and their impact on the system within other
systems. Internal reviews and external studies have postulated that the quantity and
verifiable quality of systems engineers present in the government workforce is not equal
to this task (Gates, et al., 2009). The quality of a systems engineer, for the context of this
paper, is defined as the measure of a person’s ability to apply the tools and best practices

of systems engineering consistently with success in the execution of their duties.

The lack of quality and proper systems engineering early?! in system design results
in waste. At best, it causes cost growth and time delays. At worst, it results in unusable

products and/or cancelled programs (Defense Acquisition University [DAU], 2011).

This complex and uncertain security landscape has been identified as a significant
problem by a 2009 GAO report, which identified knowledge gaps that are largely the
result of a lack of early and disciplined systems engineering analysis of a weapon
system’s requirements prior to beginning system development (GAO, 2009). The 2009
GADO report also states that the government often does not perform the proper up-front
requirements analysis to determine whether the program will meet its needs, significant
contract cost increases can and do occur as the scope of the requirements changes or

becomes better understood by the government and contractor (GAO, 2009).

Since the early 2000s, the DoD and the Department of the Army (DA) have seen a
dramatic deterioration in the capability to field weapons systems on the planned budget,
cost, and schedule (GAO, 2009). Current military acquisition programs take two to three
times longer to move from program initiation to system deployment than they did 30
years ago (Air Force Studies Board [AFSB], 2008). This systematic delay has occurred
during a period in which traditional threats have been increasing in frequency and
emergent threats in cyber, electromagnetic, and chemical/biological warfare are being
implemented at a more rapid pace. Many causes for this trend have been suggested,
including the increased complexity of the tasks and the systems involved from both

technological and human/organizational perspectives; funding instability; loss of

1 Early is defined as starting at the formulation of the initial concept for a program.
2



“mission urgency” after the end of the Cold War; bureaucracy—which increases cost and
schedule but not value—and the need to satisfy the demands on an increasingly diverse
user community (AFSB, 2008, p. 1)

Figure 1 provides a visual perspective of how the acquisition landscape has

evolved and what we can expect for the next decade (Torelli, 2010b).

Perspective
for the Next Decade
1950 1960 1970 1980 1990 2000 2010 2020
A
- — Desert Storm 27
: i
National A Irregular/Hybrid
Security Collapse of Warfare
Soviet Union
Challenges
—— CHISR Precision Human Terrain

ICBM atellite comms Strike UAV Ubiquitous Observation

Defense LGB's cpg Stealth Robotics Contextual Exploitation
Capabilities Nuclearpropulsion Night Vision Scaleable Action

Transistor Composite Materials MEMS Advanced Electronics,

Enabling Solid state laser S w3 Photonics Algorithms, MEMS
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igital computin ensors SR :
g P gHigh Performance Computing Bio-Revolution

e CLASSIFICATION — UNCLASSIFIED

Figure 1. Perspective for the Next Decade (From Torelli, 2010b)

The Assistant Secretary of the Army (Acquisition, Logistics, and Technology)
(ASA[JALT]) considers the systems engineering expertise within the Army workforce
fundamental to delivering on-time, on-budget, and on-performance products. This
assessment is supported by the 2010 GAO annual report on defense acquisition, which
states that the GAO analysis allows them to make observations about DoD’s management
of technology, design, and manufacturing risks and its use of early systems engineering
to reduce these risks (GAO, 2010). Because the scope of projects has grown from

3



single-use systems to a federated systems of systems, ASA(ALT) believes that an
increase in the amount of systems engineering capability within the Army would
dramatically increase the percentage of projects that would be delivered on time and on
budget, while also meeting original key performance parameters. In a 2009 RAND
Corporation study performed for the ASA(ALT), researchers observed that the
underlying problem in major acquisition programs is a lack of systems engineering
expertise overall and a lack of effective systems engineering in system development

started as early as the requirements development phase (Gates et al., 2009).

The focus of this paper is on systems engineering within the context of Army
acquisition. More specifically, we explore systems engineering staffing practices
(recruit, train, and retain) within the Army Acquisition Corps, and the perception that the
systems engineering workforce is either a source of, or solution for, program failures
attributed to acquisition complexity. Development of a useable, viable framework for
systems engineering usage across the complete DoD acquisition process will be a
significant challenge for the Army due to the complex nature of Army acquisition
programs. Our purpose in this project was to identify weaknesses in DA’s systems
engineering staffing and personnel approaches, to determine methods for identifying and
addressing shortfalls, assess temporary and long-term needs, and to determine potential
policy changes necessary to maintain a quality systems engineering capability.

B. MOTIVATION FOR THIS PROJECT

The ASA(ALT) SoSE staff believes:

o the Army needs to increase the overall strength of its systems engineering
capabilities;
. the SOSE needs to make a recommendation to leadership for supporting

this increase; and

. the recommendation must articulate recruitment, training, certification,
retention, and cross-program utilization; and it should contrast where and
how systems engineers are used currently for background. (M. Kwinn,
personal communication, July 13, 2010)



These capabilities will be used in

o Acquisition

. Requirements development

J Test and evaluation

J System of systems integration

J Personnel recruiting, training, and retention

The ASA(ALT) is committed to determining the best way to recruit, train, and
retain systems engineers to address this issue, but he also wants to know if the lack of

systems engineers is the only problem.

The central question is: what recommendations should the ASA(ALT) SoSE
make to the Under Secretary of Defense (Acquisition, Technology and Logistics)
(USD[AT&L]) to ensure that the proper personnel are recruited, trained, certified, and
retained to increase the U.S. Army systems engineering capability that is needed to meet
the increasingly complex requirements of the Army’s system of systems strategy? For
example, how does the DoD systems engineering community ensure that the proper skill
sets are being identified and implemented correctly within the systems engineering
community to ensure a qualified and retainable acquisition, logistics and technology
(ALT) workforce?

C. RESEARCH QUESTIONS

The questions we extrapolated from the focus of the ASA(ALT) include the

following:

o Can systems engineering help the Army acquire products that meet
requirements, on cost, and on schedule?

) What are the barriers for the Army in acquiring products that meet
requirements and satisfy constraints of cost, schedule, and policy?

o Are programmatic errors, that are not the sole responsibility of systems
engineering, being attributed to systems engineering rather than poor
program management?

o Is the lack of a formalized systems engineering approach within the Army

causing Army acquisition programs to fail? If so, what can be done to
resolve this?



. How does the Army formalize its systems engineering approach in
acquisition programming to ensure that Army acquisition programs are
positively affected by systems engineering personnel?

. How does the Army set up a systems engineering career path that allows
both traditional engineers and systems integrators to succeed?

. Are there additional skill sets that should be incorporated into the current
systems engineering path, that would allow for less technical (but still very
capable) individuals with a management focus to function in the systems
engineering career field?

o How can the DA benefit from what other DoD organizations are doing to
implement systems engineering?

D. ORGANIZATION OF THE REPORT

Chapter | provides a background, explains our motivations, and creates the

starting point for the questions that are core to our research.
Chapter Il provides our analysis approach.

Chapter I11 analyzes whether systems engineering is the central issue that external

studies postulate, or if there are other contributing factors.

Chapter IV provides a review of the current state of systems engineering with

additional focus on the Army’s needs.
Chapter V assesses our research and details our findings and results.

Chapter VI provides our conclusions, and makes recommendations for changing
the structure and processes for building a systems engineering community to meet the

needs and expectations of 21st century Army acquisition programs and stakeholders.



Il.  ANALYSIS APPROACH

A. ANALYSIS STRUCTURE

The starting point of view for our case was from the position of the most senior
engineering advisor (SoSE) to the Army director of acquisition. The SoSE has previous
work experience that includes serving as the Army’s chief architect in the Army’s Deputy
Chief of Staff for Command, Control, Communications, Computers, and Intelligence and
Director of the Army’s Central Technical Support Facility (CTSF) at Fort Hood, TX.
The context of this perception is where this question of “best method” for recruiting,
training, and retaining systems engineers originates. In parallel, we asked: “why is
recruiting, training and retaining the perceived solution and what problem(s) will this
solve?” This point of view from the SoSE is greatly influenced by his personal
experiences. A future SoSE might have a different point of view due to personal
experiences, but this point of view is critical because it comes from the peak of the

Army’s engineering expertise.

To understand the intention and subtext of the question, we have extrapolated
additional questions, as shown in Figure 2. The majority of these sub-questions can be
reached by asking “why?” or “what makes this so?” Using questions of this type as a
tool, we focused our research on the perceived positive impact that greater numbers of
highly qualified systems engineers would have on acquisition programs, rather than on

the quality of the currently trained DoD systems engineers.



ID Major Problem :
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Figure 2.  Problem Deconstruction

The desired end state is a successful integration of systems engineering processes

on individual programs that result in a quality and cost effective system of systems. This

integration has several components, some less obvious than others:

Successful programs need effective systems engineering to integrate their
components into a functional system. Early initiation of systems
engineering into the acquisition process helps to assure efficiency, reduce
overall cost, and increase the chances of staying on schedule. However,
this can prove to be costly, both in terms of funding and time. Early in the
acquisition process PMs may be more concerned with more tangible
results (boots on the ground) in order to maintain the funding stream for
their program.

Successful integration of products from multiple PMs, requires effective
systems engineering in the beginning and the middle of programs to
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increase the likelihood that PMs will buy into and work toward a shared
goal. It often requires creativity in adapting systems to achieve more than
the sum of the individual components. It can also require some shifting of
responsibilities and costs between programs to achieve the “best” effect.
Process standards clearly fall within the realm of effective systems
engineering. The shifting of any responsibility or cost between PMs
requires management skills more than engineering skills.

. Successful integration also requires a working level of interoperability
between supporting organizations. Without interoperability between
organizations, test and evaluation of the interdependent products to assess
interface standards for compliance, or possibly for modification, is
problematic at best. This ability is often described as “herding cats,” and
has more of a political or financial emphasis than pure engineering.

As indicated by the above list, it is apparent how skills move from classical
engineering to adaptive expertise with an engineering focus, and on to leadership or

governance functions with an overall acquisition focus.

One of the difficulties in presenting a definition of systems engineering in concise
terms, can be found in the relational differences that a single systems engineering
definition can have from different points of view. In other words, systems engineering
can mean different things to different organizations, and can have divergent meanings to

the people within those organizations.

The analysis then moved outside of the frame of reference of the senior advisor,
or SoSE, to encompass alternate points of view from successively different organizations
and institutions, in order to draw comparisons. We reviewed documents, briefings, white
papers, and training materials from the Army, Air Force, Navy, National Aeronautics and
Space Administration (NASA), and several DoD industrial partners on systems
engineering practices within their respective organizations. We examined and reviewed
these documents with curricula from several educational institutions. A significant
correlation was found in certification, experience, duties, expectation, and education of
systems engineers. Consistency would have been a strong indicator for a “shared” vision

or understanding of what the systems engineer would be doing in each organization.



Chapter I11 will analyze how the central question asked by the SoSE could have
been formulated in error due to the requestor’s position, organization, and background. A

comparison is provided between the technical, organizational, and personal perspectives.

B. LITERATURE REVIEW

Our review of the literature encompassed the areas of interest that we identified as
our research questions, and those areas that we further detailed and highlighted in our
research matrix (Appendix A). Research for the thesis project focused on reviews of
Army and other Service policy statements on systems engineering, Army and other DoD
systems engineering organizational websites, and a variety of university curricula,
International Council on Systems Engineering (INCOSE), and other systems engineering
certification organizations. Additionally, in the area of human capital, recruitment, and
retention, we reviewed workforce surveys and programs from NASA, a large-scale
organization similar to the DoD, and resources from the Office of Personnel Management
(OPM) Human Capital Assessment and Accountability Framework, which provided
information on recruitment and retention. We also reviewed information gleaned from
our coursework during the Naval Postgraduate School Master of Science in Program
Management (MSPM) program.

10



1. ISSYSTEMS ENGINEERING THE CENTRAL ISSUE?

A. PRIMARY AND CONTRIBUTING QUESTIONS

1. Primary Question
. How does the Army recruit, train, certify, and retain qualified systems
engineers?

The ASA(ALT) directly experiences the combined effects of the outcome rather
than a lack of systems engineering in isolation. The question of how to recruit, train, and
retain systems engineering personnel is deceptively straightforward, or would seem so
until the answer becomes “it depends.” How this question is answered, it turns out,
depends a great deal on how these systems engineers are expected to perform after they

have been recruited and trained.

2. Contributing Questions

The answer to the primary question leads immediately to the following

contributing questions:

. What makes a systems engineer qualified?
o Why are systems engineers perceived to be in short supply?
. Is a lack of systems engineers the only problem, or is that lack part of a

more complex issue?

To provide the answers that have the greatest possible impact, context
surrounding the reason for why a lack of qualified systems engineers is believed to
matter, must be explored. The primary question, therefore, is too broad reaching to be
met with a succinct answer that will satisfy all of the challenges facing the Army
acquisition community. Each of the subsets of the primary question is narrow enough

when asked individually to provide a slightly more succinct answer.

B. WHAT IS A SYSTEMS ENGINEER?

The DoD defines systems engineering as an interdisciplinary approach or a

structured, disciplined, and documented technical effort to simultaneously design and
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develop systems products and processes to satisfy the needs of the customer. Systems
engineering transforms needed operational capabilities into an integrated system design
through concurrent consideration of all life cycle needs (DAU, 2010b). The GAO
defines systems engineering as the translation of customer needs into specific product
requirements for which requisite technological, software, engineering, and production
capabilities can be identified through requirements analysis, design, and testing (GAO,
2009).

To begin to understand the problem, we first had to understand the current area(s)
of operation under which systems engineering were expected to perform. Before
beginning to answer a question, that question must be understood. Context is critical
here. Before we gathered data exclusively in support of recruitment, training, and
certification programs, we needed to inquire why this question was being asked. As
stated earlier in this paper, a deconstruction of the problem(s) was used to make sure that
we were researching the right questions in the right context. This approach may seem
obvious, but unfortunately making sure the right question is being asked can lead to
discovery of underlying context—the intent of the question should not be lost in the
wording. A child asking “why does my stomach hurt?” could prompt one of several
reasons: illness, hunger, overeating, or roughhousing with a sibling. Too many words

have multiple meanings, and sometimes the question needs a bit of research.

Despite today’s bleak economic outlook, there are glimmers of opportunity and
growth in the technology and engineering industries—and systems engineering is
emerging as a must-have career field. According to a ranking of the best jobs in America
by CNN Money, “there will be a high demand for systems engineers over the next
decade” (Amaba, 2010). In his article, Ben Amaba (2010) stated that:

The role of today’s systems engineer combines the best attributes of

electrical engineers, mechanical engineers, and software developers to

take on the world’s most challenging problems. These types of challenges

also come with a high level of uncertainty and risk, which adds another
unique layer of skill requirements to the job. (Amaba, 2010, p.1)

He went on to state that to help meet the growing demand for systems engineers, a

new generation of specialists will be needed. And with the retirement of the “Moonshot
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Generation,” the engineering experts who were the driving force in successfully landing
man on the moon, the push to replenish these ranks is all the more urgent. Thankfully, an
increasing number of colleges and universities are evolving their engineering curriculum

to address this need.

Systems engineering is a discipline that emphasizes best practices across multiple
disciplines. The systems engineering process is considered reusable; however, it is
dependent on having the necessary expertise with the pertinent historical knowledge to
recognize the good and bad from previous systems engineering process efforts. In an
ideal situation, the personnel undertaking the systems engineering process would have
requisite knowledge through previous practical experience. During an April 7, 2010
keynote speech, Dr. Art Pyster (2010), of the Stevens Institute of Technology, posited
that previous practical experience is rarely available at the level necessary to provide
adequate systems engineering guidance. When practical experience is not readily
available, the systems engineering process must normally default to the academic training
realm, in which theoretical knowledge is imparted on the systems engineering students
with the expectation that an extraction to the practical systems engineering process arena
will occur. This background of practical experience is referred to as the difference
between classical engineering and adaptive engineering2. Some of this theoretical
knowledge is imparted in the form of education in critical thinking and problem solving,
which comes with the process of learning to become an engineer. This foundation is built
upon in order to gain the experimental knowledge and understanding of the systems

engineering concept in the context of an entire system.

C. MULTIPLE PERSPECTIVES

1. A Multiple Perspective Approach on Why the Army May Have Asked
the Wrong Questions

While identifying the lack of systems engineering as the cause and programmatic

failure as the effect, the ASA(ALT) leadership may have been using an overly technical

2 Adaptive engineering is defined as the process whereby an item is modified to meet the requirements
of a user that the item was not originally designed for.
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perspective. An organizational/institutional perspective would ask What must be done?
and Who must do it? Further contrast is provided by the personal/individual perspective,
which would instead seek to identify factors that drive the individual to do something

about the situation. What empowers the individual, rather than the organization?

In his article, Harold A. Linstone (1984) tells us that a multiple perspective
approach links the technical/analytic perspective (T) with organizational/institutional (O)
and personal/individual (P) perspectives. The approach is to use T, O, and P together. It
also helps to explain why decision makers cannot rely on a single perspective alone.
Linstone says:

The T perspective: Problems are simplified by abstraction, idealization,

and isolation from the real world. The implicit assumptions and

characteristics include reductionism, reliance on scientific logic and

rationality, problem-solution focus, quantification, use of data and models,
optimization, and objectivity of the analyst. Jay Forrester's systems
dynamics modeling of companies, cities, and the world is an example.

The power and success of this technical world view and its value in

yielding remarkable insights and excellent predictions in science and

engineering remains unchallenged. But, as the recent work in complexity
science has underscored, it has serious limitations in dealing with
complex, nonlinear, adaptive systems. Unfortunately, most real world

socio-technical systems are of this kind. (Linstone, 1984, p. 1)

The primary question taken alone appears to assume that addressing the vacancies
in systems engineering personnel and the requisite systems engineering skills, meaning

certification, will resolve the problems facing the Army acquisition community.

In a systems engineering forum, where the ASA(ALT) gathered subject matter
experts in order to gain an acknowledged consensus, a concern was raised regarding the
methods used for decades in developing weapons, platforms (trucks or tanks),
communications, and other tools of war and peace, and whether they were adequate

enough to ensure a fully functional, integrated capability in the hands of the warfighter.

Systems are now both interdependent and, at times, in competition for resources
like power, space, and weight on their respective platforms. Among many examples for
how the big picture was lost by developers of individual components, was the following

example given at the former Future Combat System (FCS) synchronization summit.
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The platform (in this case, an armored troop carrier) was slated for the installation
of more computer equipment, communications gear, and electronic warfare defense
ability than it was able to physically fit or electrically power (Joint Program Executive
Office [JPEO] Joint Tactical Radio System [JTRS], 2010). Based on researcher Alan
Clayton’s experience with the JTRS program, we were able to determine that the
platform was a system of systems. The systems were developed in isolation with each
PM assuming resource availability. The first equipment fielding into that vehicle would
deplete most of the resources, leaving less than adequate space or power for the

remaining components of the system of systems.

2. Multi-Organizational Interaction Point of View

When challenged with hardware and software conflicts, a Program Executive
Office (PEO) must decide whether to rewrite the software or fix the problem in hardware.
The PM responsible for the software may have a strong opinion of the relative merits in
the comparison that would not be shared with the hardware PM. Each PM may wish for
the other to sacrifice funding, timeline, and program credibility rather than volunteer to
take on the task. For programs within the Army or under a single PEO that were intended
to operate together as a system of systems at program inception, there should be
performance specifications that mandate one or the other PM to comply with the interface
standards when known and risk management strategies implemented for unknown

situations.

This matters significantly, because from the point of view of a PM, success is
usually specified internally as being within defined performance parameters—being on
cost and on schedule. External factors, such as the change of an external interface, are
considered risks to be managed. An organization considers external interoperability in

terms of risk to program execution.

3. Why the Organizational Perspective Matters

Each organization and its respective PM have to interpret tasks within the context
in which they are assigned and resourced. This means that their development is supposed

to include knowledge of everything that will need to be done both within and on the
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periphery of their acquisition effort. For example, the developer of a software application
would need to understand the hardware and operating environment in which he will
implement his program. There is at present no common software operating environment
in use on all Army systems, so each application tends to be uniquely tailored and
somewhat non-portable. If a change to an operating environment renders a second
organization’s software application inoperative, the second organization’s perspective is
not going to be in agreement with the organization that changed the operating

environment.

For programs allowed to gestate in the absence of a larger interface context or end
state—connecting the dots once they mature will not only be difficult and expensive, but
also will also require the use of management reserves to make necessary product changes.
Worse yet, it may be open to interpretation as to whether the work is within scope and it
may be hard to figure out how to legally expend funds. This interpretation is both a
systems engineering issue and a contracts issue. The systems engineers from both parts
of the future system (in the case of a two-part system), together with architects, work out
the engineering issues, which are resolvable in trade-space. Decision makers work
through the trade-space analysis and make the *“big picture” political decision. The
contracting person(s) carry out the consensus view. This is something NASA does
routinely. Systems engineers also do this regularly in the commercial world.

Organizations need to ensure that they do both the engineering for their product
and manage the systems engineering for the product’s placement in the big picture. But
who is in charge of the bigger picture? For example, the Army’s tactical network is a
federated system of systems at best, which was designed using a systems engineering
architectural process. Control, as such a term makes sense in the context of standards, is
shared by multiple Army and Joint PMs and strongly influenced by commercial, federal,
and DoD standards bodies—all while being directed by Army Staff elements that have
the ability to influence decisions, if not directly, by control of personnel or funds. The
design elements under the purview of an engineer or systems engineer need to be handled
more effectively and qualified recruitment and qualified training can address those.
However, engineering practices are not adequate to control all aspects of making
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programs successful. The engineers in the PM shops need to follow requirements set
forth by leadership in external organizations, but this requires an O perspective and
engineers are very T perspective focused. Just as the T is the realm of the engineer, the

PM must take responsibility for the O.

D. REPEATED ATTEMPTS TO ‘FIX’ ACQUISITION AND SYSTEMS
ENGINEERING

There have been countless new and revised processes implemented through the
DoD acquisition community over the past 10 years, yet there is almost no noticeable sign
that systems development is becoming more efficient (GAO, 2009). The government
trend in systems acquisition of over-budget and over-schedule programs is one of
diminishing returns as the procurement of a system matures and the processes within the
system become more complex. In a May 2010 Defense News article summarizing a
recent GAO Report to the House Oversight and Government Reform Subcommittee on
National Security, Rep. John Tierney, D-Mass., said the Pentagon is still not taking
"some common-sense steps” (Matthews, 2010) that would almost certainly save money,
such as testing prototypes to make sure they meet military needs before beginning
production. Delays and cost increases have been persistent for decades, and have been
"implicitly accepted as the cost of doing business. It will take considerable and sustained
effort [to change that status quo]™ (Matthews, 2010).

Numerous efforts to reform the acquisition system have been undertaken by DoD,
such as the many changes made to acquisition policies, as well as the recommendations
made for improving the DoD’s acquisitions by various commissions, think tanks, and
government organizations all of which culminated in various legislation passed by
Congress. In 1986, the Packard Commission, named for its chair, Mr. David Packard,
was appointed by President Ronald Reagan to study government procurement within the
DoD. The culmination of this commission’s study resulted in the passage of the
Goldwater-Nichols Act of 1986. Additionally, the Defense Acquisition Workforce
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Improvement Act (DAWIA) of 19903, the Acquisition Streamline Act of 1994, the
Clinger-Cohen Act of 1996, the Intelligence Reform and Terrorism Prevention Act of
2004, and the Weapons Systems Acquisition Reform Act of 2009 were all passed by

Congress to address improvements to the DoD acquisition process.

In an effort to address cost and schedule overruns, the DoD has published
numerous policies, undertaken many studies, and developed several guides and
pamphlets, such as the DoD Instruction 5000.02, the Systems Engineering Guide for
Systems of Systems (Director, Systems and Software Engineering, 2008), and a DAU
Acquisition Encyclopedia entry, Systems Engineering Plan (DAU, 2009). The Naval
Systems Engineering Technical Review Handbook (Department of the Navy, 2009), and
the Air Force Systems Engineering Model (AF Center for Systems Engineering, 2010)
are examples of what the other services have published to augment the DoD’s policies
and to develop Service-specific processes. There is no equivalent document that

currently exists within the DA.

On December 8, 2008, the DoD issued an updated DoD Instruction 5000.02
USD(AT&L), 2008) that included a number of major systemic changes, such as: an entire
section on systems engineering; a requirement for a lead systems engineer to be placed on
every PEO staff, a mandatory requirement for competitive prototyping, an increased
emphasis on scheduling and executing timely systems engineering and technical reviews;
and a requirement that all programs go through a Materiel Development Decision process

prior to entering the acquisition system.

Programs may fail or exhibit cost and schedule overruns for many reasons. Some
of these are external to the program, such as funding instability, and others are internal to
the program and, thus, under the control of DoD managers. Two critical factors that fall
in the latter category and that relate to the success or failure of programs are the need for
high-quality systems engineering and the related issue of the need for a high-quality

systems engineering workforce.

3 Extensive changes were made to the DAWIA in 2003, and the changes have been informally called
DAWIA 11, even though its Public Law number was never changed from the original numbering from
1990.
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With budgets becoming tighter, public scrutiny becoming stronger, increasing
focus being placed on advanced technology, and demands arising from the shift toward
network-centric warfare, there has been a major emphasis placed on systems engineering
within the DoD (Wynne & Schaeffer, 2005). In addition to the previously referenced
policies, the creation of the Systems and Software Engineering Office within the Office
of the Under Secretary of Defense for Acquisition, Technology and Logistics
(OUSD[AT&L]) point to an understanding of the contributions that systems engineering
can make to modern acquisition. Multiple GAO reports have identified the potential
value that systems engineering can provide to the technical stability, cost stability and
positive schedule performance of a DoD acquisition program. (GAO, 2010).

E. THE BLAME GAME
1. Issues Often Blamed on Systems Engineering

There can be cultural, financial, educational, structural, and political barriers to
understanding the problems and implementation of possible solutions. People are
comfortable in their own skill set and operate within that ability, sometimes to the
detriment of what is actually required. PMs function in their acquisition role, just as
engineers function more comfortably in their technical arena. To force a PM to function
as an engineer, and vice versa, provides great personal learning opportunities, but can
also expose a program to greater risk as a function of the learning process that occurs

when a person is placed into a new position.

The underlying trigger that creates the complex interdependencies in technology
and systems engineering was incorrectly identified by SoSE, RAND, Director, Defense
Research and Engineering (DDR&E) and other engineering organizations as a catch-all

fix.

Differences in perception of systems engineering vary considerably from
organization to organization; a problem that is exacerbated by the Army’s stovepipe
organizational structure. Some structural and political barriers exist with good intention-
that intention being the sheltering of ways that work well for the uniqueness of the Army.
There may be resistance to good ideas that work elsewhere, but that are not viewed as
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adaptable to “the Army way.” These and other types of good intentions, such as service
loyalties and pride of ownership, can have second- and third-order effects including lack
of jointness among systems, competing initiatives, and support issues that are

counterproductive. In this thesis, we seek to expose these counterproductive issues.

2. Determining the Root Cause of Failure

Based on conversations with the SoSE, it is believed that the Army needs senior
systems engineers to do adaptive engineering and programmatic system of systems
integration. As a starting point, systems engineering in NASA was heavily and
classically engineering-centered. NASA is risk-adverse, methodical, and prone to relying
heavily on modeling and simulation before execution. The U.S. Navy is classically
trained with emphasis on ensuring successful programs through rigorous academic
instruction. In contrast to these organizations, the Army takes risks in program
execution, as evidenced by programs such as FCS, Crusader, and System of Systems
Common Operating Environment (SOSCOE)4. Educational institutions, although able to
teach engineering, have limited ability to impart the tactical experience that may be
necessary to build into the end-state system/weapon/unit capability the flexibility that the

Army and all services need.

The SoSE perspective must still acknowledge that stakeholders with different

points of view will evaluate priorities differently.

° Who are these stakeholders?

. What is their point of view, and how does that influence their opinion of
the value/role of systems engineering?

. Who has the ability to operate cross-PM and cross-PEO (if not the systems
engineers)?

To expect all capabilities to be resident in a single individual is unrealistic and

unproductive because a single person cannot be expected to be a certified expert in all of

the above-mentioned areas and still be a functionally productive employee.

4 It should be noted that these programs were not high risk due to technology related issues. Instead,
these programs were deemed high risk due to poor architecting design, poor integration, and poor execution
of a poor architecture design.
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Considering the importance that ASA(ALT) SoSE has placed on recruiting
systems engineers, it is worthy to note that there is no OPM general schedule job
classification for a systems engineer. At the start of this research project we considered
this to be potentially an error. But a solid training and certification structure exists within
the DoD to enable the correct placement of applicants into systems engineering positions.
What remains to be done is to implement hiring guidelines to encourage use of these

credentials as discriminators.

Figure 3 shows in simplistic form the career path progression of an engineer or
acquisition professional along the x and y axis. “Pure” engineering would progress from
left to right along the bottom. PMs rise along a path along on the left side of the figure.
For systems engineers to fulfill every expectation within both the engineering and
acquisition communities, it is necessary to have all of the underlying requirements of
both professions. However desirable, this is unrealistic and identifies why solutions
within the PM’s program are best generated by teams. Without disagreeing with the
analysis that the DoD needs more engineers and, in particular, systems engineers, does
the Army need only systems engineers? Or, is something else needed to augment

systems engineering?
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Figure 3. Career Path Progression of Engineer or Acquisition Professional

Systems engineering at the undergraduate level can be found at selected schools,
but systems engineering courses are more readily available at the graduate level of study.
One factor that continues to drive academics toward graduate rather than undergraduate
teaching of systems engineering is that, fundamentally, systems engineering is the
integration of multiple> disciplines with the goals of meeting the user’s needs.
Understanding and implementing best practices can more easily be accomplished by
engineers with more experience. Using Figure 3 as a guide, increasing engineering
knowledge, and systems engineering expertise in particular, leaves voids of knowledge
between engineering and acquisition. Cross training between systems engineering and
acquisition career fields would address this as a two-dimensional solution. Adding
requirements analysis and generation that is accomplished by the Training and Doctrine
Command (TRADOC), an activity that precedes development, creates a third dimension

of depth not shown in this diagram. Although the 2-D model shown in Figure 3 is

5 Some of which include Operations, Cost and Schedule, Performance, Training and Support, Test and
Evaluation, Disposal and Manufacturing.
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adequate to represent internal to the program expertise, the third dimension is useful in
visualizing the program’s relationship to the Army’s requirements generation located
within TRADOC. Although this graphical analysis is far from all encompassing, systems

engineering alone is unlikely to be the sole cause of acquisition failures.
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IV. CURRENT STATE OF SYSTEMS ENGINEERING

A WHY SYSTEMS ENGINEERING IS IMPORTANT

Systems engineering is a specialty that has been gaining ground since the late
1940s; however, the DoD did not officially begin applying systems engineering practices
until 2009. The actual ground gained is still minimal compared to the overall field of
engineering.  According to the National Science Board’s (2010) *“Science and
Engineering Indicators” report, a total, of 68,227 undergraduate engineering degrees were
awarded in 2006. By comparison, only 7236 engineering degrees were awarded in the
field of systems engineering during the 2006 calendar year (Engineering Manpower
Commission, 2006). Training in the field of systems engineering has been incorporated
into the Systems Planning, Research, Development, and Engineering (SPRDE) career
field by the DAU. However, the implementation of systems engineering practices by
non-systems engineers is still widely prevalent in the DoD due to the inconsistent
utilization of trained systems engineers. Anecdotal evidence based on multiple
conversations within DoD acquisition communities have led us to infer that many
systems engineering positions are filled by non-engineer managers who do not hold
engineering degrees. While managers are capable of systems thinking? this is usually
applied to non-engineering work, which does not require the same level of rigor applied
to a systems thought process as systems engineering requires (Franks & Waks, 2004).
This creates a disparate level of understanding and functional capability between junior
personnel who are expected to understand and perform systems engineering functions,
senior staff members who may be classically trained in systems engineering, and those
who have “become” systems engineers simply because the signs on their office doors
label them as such.

6 Included in the total 68.227 as identified by the National Science Board’s 2010 report. This number
does not include any graduates from DoD sponsored educational facilities.

7 Systems thinking allows people to apply their understanding of social based systems explicit and
improve them in a similar way that engineers use engineering principles to make explicit their
understanding of engineering systems.
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The European Space Agency describes systems engineering as what turns “an
initial idea into a full system description, with all necessary elements integrated into a
complete whole.” They further state that:

Systems engineers maintain the focus on the space system as a whole

rather than a collection of functional elements through regular project

reviews occurring during subsequent 'Phase C/D' development, production

and testing. These serve to ensure the mission remains on track. Systems

engineering also guides technology development and assesses the impact
of new technologies. (Why is Systems Engineering Important, 2009)

Many organizations have postulated that good systems engineering efforts early in
the life of a program will result in improved schedules, lower cost, and better product.
NASA conducted a study to analyze it. In the late 1980s, Werner Gruhl of the NASA
Comptroller’s office set out to improve cost estimation on NASA projects. As part of his
effort, he mandated that NASA projects track costs to a common Work Breakdown
Structure (WBS) that would allow gathering data across projects. This additional
tracking was funded as part of each project. Over several years of live and historic
projects, he developed the chart shown in Figure 4 that shows the impact of front-end
investment (i.e. system definition and analysis) on the accuracy of cost estimation (Gruhl,
2003).
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Figure 4. Impact of “Front End” Investment (From Gruhl, 2003)

Despite the noted wide dispersion of data, NASA contends that this provides
ample evidence for systems engineering investment. In this particular study, the findings
were used to recommend a 10-15% investment of program funds to the effort. However,
the study does caution that poor quality systems engineering reduces the effectiveness of

any potential gain.

This assessment was reinforced during a 2004 presentation to the 14th Annual
International INCOSE Symposium in Toulouse, France where Mr. Eric Honour presented
a statistically relevant study which concluded that increasing the level and quality of
systems engineering has a positive effect on cost compliance, schedule compliance and

subjective quality of the projects (Honour, 2004).

There have been multiple studies performed since 2000 that have described the

need for a robust systems engineering capability, but none make a more compelling
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argument than a 2008 report published by the Air Force Studies Board that studied
multiple USAF acquisition programs and came to some common findings. This report
made the following statements:

. There is a need for an appropriate level of systems engineering talent and
leadership early in the program, with clear lines of accountability and
authority. Senior systems engineering personnel should be experienced in
the product(s) domain, with strong skills in architecture development,
requirement management, analysis, modeling and simulation, affordability
analysis, and specialty engineering disciplines (e.g., reliability,
maintainability, survivability, system security, and technology maturity
management). (AFSB, 2008, p. 49)

o There is a need to establish and nurture a collaborative user/acquirer/
industry team pre-Milestone A to perform system trade-offs and manage
overall system complexity. Today, there are often significant disconnects
in the hand-offs between users, acquirers, requirements developers,
industry, and others. Some of the “best practices” include structured
collaboration among these members. (AFSB, 2008, p. 50)

. One must clearly establish a complete and stable set of system-level
requirements and products at Milestone A. While requirements creep is a
real problem that must be addressed, some degree of requirements
flexibility is also necessary as lessons involving feasibility and practicality
are learned, insights are gained, technology is matured, and the
development subsequently proceeds. Certainly control is necessary, but
not an absolute freeze. Also, planning ahead for most likely change
possibilities through architectural choices should be encouraged, but
deliberately managed, which is a concept encouraged herein. A typical
program execution team has a program manager (PM)-level systems
engineering integration team (SEIT), with responsibility, authority, and
accountability to perform the systems engineering functions (including
analysis, modeling and simulation, architecture development,
requirements management, and so on). Some of the “program discipline”
needs to be in pre-Milestone A management. (AFSB, 2008, p. 50)

. It is necessary to manage the maturity of technologies prior to Milestone B
and to avoid reliance on immature technologies. Technology maturity and
risk mitigation plans should be carefully managed as an integral part of
program plans. (AFSB, 2008, p. 51)

The above statements represent findings from the USAF study as a result of
successes and failures that were achieved during USAF acquisition programs. These
results serve as guideposts to successful product and program development and are

applicable to DoD and U.S. government acquisition programs in general. While this
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report did not directly result in any new policies being enacted, it is our belief that the
commissioning of this report by the AFSB is indicative of the importance that the USAF

places in systems engineering.

Although the SoSE is reading reports obtained from the office of the DDR&E
(Welby, 2010) and having discussions with the Army Acquisition Executive, both of
which identify systems engineering as the root cause of program failure, the list of must-

have improvements identify engineering as only one component of the needed fix.

Program failure is a combination of interrelated problems. We identified one
problem causing failures of programs to be personnel in systems engineering positions
with training less than 100% complete. This is linked with the complexity of the
technological aspect of the program as a system and its place in the system of systems. In
a sense, people in these positions were in over their head. Another portion of the problem
falls within the realm of an acquisition professional rather than in systems engineering.
The final portion is organizational lack of commitment that PMs and PEOs have to train
their staffs.

B. WORKFORCE STATUS

According to DDR&E, the DoD is lacking in DAU certified systems engineers
(Welby, 2010). Since the Army is subordinate to the DoD, and their certification
numbers are included in the report from the office of DDR&E, one can infer that the

Army is similarly lacking DAU certified systems engineers.

Clearly, training and certification is available to the DoD with a recognized level
of standardization from a variety of sources. But this has not “fixed” the Army’s dearth
of systems engineering expertise. The problem may be structural inhibitors that prevent
student attendance and/or a perception of too narrow of an acquisition focus for the
research and development (R&D) or test and evaluation (T&E) communities. INCOSE
described certification in this way: “Certification is a formal process whereby a
community of knowledgeable, experienced, and skilled representatives within an

organization, such as INCOSE, provides formal recognition that a person has achieved
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competency in specific areas (demonstrated by education, experience, and knowledge)”
(INCOSE, 2010b, para 2). No current certification numbers for the Army or the DoD in

general are publicly available for INCOSE certifications.

In a January 19, 2010 briefing to the 6th North Atlantic Treaty Organization
(NATO) Life Cycle Management Conference in Brussels, Belgium, Mr. Nicholas Torelli
(2010a), Director of Mission Assurance, Systems Engineering Directorate, Office of the
Director of Defense Research and Engineering, United States DoD, provided data that
showed definitively that the U.S. DoD acquisition workforce is largely comprised of
personnel with more than 25 years of service. During this same briefing, Mr. Torelli
concluded that the majority of the current DoD acquisition workforce has entered the
portion of their career during which they should be mentoring and training the incoming
workforce. Mr. Torelli noted that the incoming workforce is sorely lacking in practical
experience in the field of systems engineering, and explained that one of his
organizational challenges is to ensure that the USD(AT&L) is able to:

. Better manage workforce development requirements and certification
standards

. Make better decisions about human capital strategy and initiatives for the
systems engineering workforce

. Provide acquisition programs with the quantity and quality of systems
engineers that they need to be successful

o Enable USD(AT&L) to better determine shortfalls at all levels in both

competencies and workforce size
Briefings held since late 2008 in the systems engineering arena (Jaggers, 2010;
Shaper, 2008; Torelli, 2008; Vannucci, 2008, 2009; Vannucci & Barnabe, 2008; Welby,
2009, 2010) have echoed one common DoD overarching goal: “[to] develop future
technical leaders across the acquisition enterprise” (Welby, 2010). Each of the
presentations that echoed this goal has noted that the actual execution of the goal is

extremely difficult.

A conspicuous example of improper personnel placement is the finding that, in
some instances, the systems engineer is a systems engineer in name only. On projects

personally familiar to the authors were systems engineering billets filled by persons with
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no systems engineering training, and in some cases, no engineering training at all. Blame
in a situation like this would fall on the systems engineering community if the program

fails, but it is actually a failure of the personnel selection process.

In contrast, an excellent example of why effective systems engineering is a
valuable goal is the recent success that the Mine Resistant Ambush Protected (MRAP)
program has experienced using systems engineering best practices during budget drills
for life cycle management. Kevin Fahey, Program Executive Officer Combat Support
and Combat Service Support, is quoted as saying “applying systems engineering best
practices and Lean Six Sigma (LSS) principles to the MRAP requirements management
process enabled the JPO (Joint Program Office) MRAP to reduce process inefficiencies,

providing an unprecedented cost avoidance to DoD” (Osborn, 2010).

C. TRADITIONAL SYSTEMS ENGINEERING FUNCTIONS DONE
OUTSIDE THE ACQUISITION ARENA

TRADOC serves as the user’s representative to establish what the product must
do or performance specifications, commonly referred to as requirements. Requirements
would also include the condition under which the performance should be expected. For
example, the performance expected of a battery in desert versus arctic climates might be
different. Some engineering skills are needed to ensure that the specification handed to
PMs is either within the realm of the possible (and affordable) or at least worthy of
research and development to make it so. TRADOC follows guidance from the acquisition
community and defines performance specifications rather than identifies the material
solutions. Does it matter that the requirements managers, specifying the performance of
the product and identifying the context of that system within the system of systems, are
not systems engineers, or engineers at all? The overlap between TRADOC’s efforts and
the formal analysis of alternatives that systems engineers should actively participate in is

significant.

In Figure 5, the relationship between warfighters, TRADOC, and the material
developers is a two-way flow with needs—specifications—and product in the outer circle
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and feedback to improve product in the inner circle. The mere fact that this classic model
is used more often than any other is indicative of the omission of other important

organizational perspectives.

Warfighter

Material
Developer

Figure 5.  Classic Development Cycle

Missing from Figure 5 is the Army’s Test and Evaluation Command (ATEC), and
all of the elements of the U.S. Army Research, Development, and Engineering Command
(RDECOM). Inclusion of these entities is shown in Figure 6. ATEC is needed because it
is their evaluators that determine product maturity or suitability. Consultation on testable
metrics would be advisable. RDECOM often is on the cutting edge of the dividing line
between achievable and not feasible. There may be workload, interdisciplinary systems
inexperience, or other limitations that make this less than idea. However, personnel
transfers between TRADOC, RDECOM, ATEC, and the Material Developer are not fluid
and this limits potential cross-pollination benefits. The benefits of systems engineering
personnel transfers amongst these organizations includes, but is not limited to, a shared
outlook that creates a greater holistic universal perspective for analysis of alternatives,

requirements generation and selection of evaluation criterion.
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Warfighter

TRADOC ATEC

RDECOM aterial
Developer

Figure 6.  “Modified” Development Cycle

D. ORGANIZATIONAL AND CULTURAL ISSUES

In the life of a program, systems engineering is critical in the early stages. It is
inconceivable that a PM would hire or promote his systems engineer into the program’s
staff just in time to send him off to training. It is natural for leadership to want to hold on
to their critical personnel and release non-essential personnel for school. What happens
when that key individual cannot or will not go? In effect, training may be offered to
those less likely to be the best. Competition for PEO-managed training dollars may also
be an inhibitor to employee access to training. Depending on the fiscal health of a PEO,
training opportunities may be limited. These structural barriers exist because of the
environment in which PMs operate. Most PMs will want their systems engineers trained

and certified, but will expect it to be done on someone else’s time and budget.

Only senior management at PEO and above can institute a change in the culture
that rewards not only those who manage to take training, but also those that sacrifice so
that training can be done. We postulate that lack of familiarity with what the DAU, NPS,

and other dedicated systems engineering postgraduate institutions can offer is attributable
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in part to apathy. Many personnel do not seek training if it is not required. Leadership
does not require it because they do not want to pay for it, or excuse personnel to attend

training.

Transforming the workforce will require a different mentality, a new paradigm
that rewards individuals for their initiative in seeking and taking training, encourages a
leader to let subordinates get the certification, and possibly requires completion within a
set time to earn credentials from initial entry into a systems engineering position.
Perhaps linking the pay increase of promotions to successful credentials would provide

enough incentive.

It is also useful to note that in larger systems engineering organizations like
ATEC and RDECOM, senior personnel would also be working toward their own
certification and may be somewhat more sympathetic to subordinate requests for training.
This cooperative attitude may be further incentivized by encouraging cross-
organizational transfers from acquisition organizations, such as PMs or PEOs, or
TRADOC locations to ATEC and RDECOM to enable training and to further increase
interdepartmental coordination. By making budgetary allowances to organizations that
are better able to facilitate this type of training, personnel can rotate through those

commands and then return to their sponsor organizations.
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V.  FINDINGS

A. RECRUITMENT

OPM estimated in 2009 that 57% of full-time, permanent federal employees, as of
October 1, 2006, would be eligible to retire by 2015 (OPM, 2008). This may place some
departments at risk of a “brain drain” if too many experienced workers and managers
leave at once. At the same time, however, it also presents an opportunity to bring new

talent into the workforce to build a solid foundation for the future.

It would be a misperception for the Army to believe that merely increasing the
number of systems engineering in the acquisition community would satisfy systems
engineering recruitment objectives. Quantity must be balanced with quality. While
quantity goals can be determined for open position numbers and attrition rates, quality
goals will be more subjective. These goals could include: degree type (since few will
have an undergraduate degree in systems engineering), grade point average (GPA), the
ranking of the school, prior certifications, and prior work or experience factors. Prior
certifications include, but are not limited to, certification as a Certified Systems
Engineering Professional under INCOSE’s certification process, or one of the
certification levels within DAU that are associated with the Systems Planning, Research,
Development and Engineering-Systems Engineering (SPRDE-SE), SPRDE-Program
Systems Engineering (SPRDE-PSE), or SPRDE-Science and Technology Management
(SPRDE-S&TM) fields. Desired quantity and quality can then lead to successful

recruiting that refills the ranks of the Army’s aging engineering workforce.

Recruitment is not an event; it is a process. Moira Hanna (2010), explained
recruitment as being comprised of several steps: “applicant generation, maintaining
applicant status, and applicant job choice/decision.” After deciding on which skills to
add to the workforce, and which is a preparation phase preceding recruitment, the
government must determine both a method of reaching out to potential applicants, and
where to direct efforts (Hanna, 2010, p. 1).
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The challenges in recruiting are great when an agency is working against current

undergraduate student thought processes, as found in a recently published 2009 survey by

the Partnership and Universum USA group (Partnership and Universum USA, 2009).

This survey resulted in the following findings, as shown in Figures 7 and 8:

Interest in government service is lower among individuals in groups that
the government needs most. For example, students with
technical/scientific majors are less interested in government and public
service than non-technical majors from similar universities government

policy.

GOVERNMENT/PUBLIC SERVICE AS AN IDEAL INDUSTRY BY MAJOR AREA OF STUDY

The Universum IDEAL™ Employcr Survey 2008, Undcrgraduatc Edition, American Students

tberaarts 30%

Natural sdences  16%
IT 13%
Business  10%

Engineering 9%

Figure 7.

Government/Public Service as an Ideal Industry by Major Area of Study
(From Partnership and Universum, USA, 2009)

Salary expectations are high. Respondents8 expected to earn an annual
salary of more than $49,000 in their first job after graduation. In contrast,
starting salaries for entry-level federal government employees with
undergraduate degrees typically range from about $30,000 to $38,000,
adjusted by locality.

8 Respondents are from a pool of 31,876 undergraduate students at U.S. universities who participated
in the Universum USA’s 2008 annual survey.
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REMUNERATION AND ADVANCEMENT OPPORTUNITIES AS AN ATTRIBUTE OF EMPLOYER ATTRACTIVENESS
INTERESTED IN GOVERNMENT/PUBLIC SERVICE B COMPARED TO  ALL AMERICAN STUDENTS W

Competitive benefits  39%

37%

Clear path for advancement 39%
375

Leadership opportunities  38%
34%

Competitive base salary  38%
38

Good prospects for high future eamings  35%

8%
Sponsarship of fulure education  35%

2%

Good reference for future career  24%

22%

Performance-related bonus — 18%

22%

Good possibilities for rapid promotion 17%
2{H6

Overtime pay  10%

Ti%

Other 0%

Figure 8.  Remuneration and Advancement Opportunities as an Attribute of Employer
Attractiveness (From Partnership and Universum, USA, 2009)

1. Applicant Generation

The military arm of the DoD is more rooted in methods and in the infrastructure
to recruit than its civilian counterpart. The Reserve Officer Training Corps (ROTC) on
college campuses is conducted with awareness of, and in cooperation with, local
recruiting offices. Although it is a separate chain of command and operating under
different quota systems, the ROTC has an established presence that is immediately
recognizable and updated, and that operates within the digital vernacular of web pages
and social media used by the men and women they want to meet. It is beyond the scope
of this paper to determine whether the ROTC and Army Recruiting Command
infrastructure can be leveraged for Army engineering recruitment, but it is not unrealistic
to consider reserve commissioning paired with civilian government service after

graduation. Currently, there is a program offered by the Naval Surface Warfare Center,
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Panama City, Florida that could be leveraged by the Army, but further analysis is
necessary to determine if this program would support the needs of the Army. Some

defense industry partners are using similar recruiting tactics.

Boeing Aerospace has been using social media such as Facebook as early as 2007
for advertising, contests, and giveaways (Chang, 2007). With nationwide access via the
Internet, the Army can target interns, as well as future workforce. Internships often lead
to new hires that have a better base understanding of the job they are hired to do. One
benefit of internships is the recruitment effort conducted by the intern after he returns to
campus to complete his schooling. These are the types of social media tools the Army

needs to promote hiring.

2. Combating Financial Misperception

Economic forces have made government careers more desirable during the
economic downturn of 2009-2010. Salary expectations are traded for job security. That
incentive will not be as dominant of a factor after the economy recovers. What can the
government offer instead? The government’s ability to bring engineers onboard who lack
experience and offer follow-on engineering or acquisition training, gives prospective
newcomers more to consider. Certification or educational assistance outside of core
engineering could also be offered. Army recruiters often use educational opportunities to
entice people to join the service. Why not apply the same logic to postgraduate education
for those that merit the benefit? The Army also offers student loan forgiveness to
soldiers with undergraduate degrees. For select specialty skills, loan forgiveness would
be worthwhile for the Army in order to fill key positions. Less desirable jobs, hard-to-fill

vacancies, or assignments to hardship locations can be tied to greater benefit packages.

It is a commonly held misperception that defense contractors are typically paid
more than their government counterparts. This perception appears to be misplaced.
Figure 9 shows a snapshot taken from the salary review site Glassdoor.com, which shows

that the average® salary of a systems engineer is around $82,000 per vyear

9 Salary data was taken from a random sample of 702 salaries based on the Systems Engineer job title,
from the salary information website Glassdoor.com.
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(Glassdoor.com, 2011a). Finding a government salary comparison is difficult, because
the lack of specific salary reporting. Glassdoor.com has a smaller data set of salaries that
averagel0 out to $77,600 per year (Glassdoor.com, 2011b). This snapshot of government
salaries, for all engineering position data available, is reflected in Figure 10. Even with
this data showing a five percent difference in salaries, recruiters trying to fill positions
that offer lower pay have to use other incentives to combat the commonly held

misperception in order to attract applicants.

10 salary data was taken from a random sample of 21 salaries based on the Engineer job title from the
salary information website Glassdoor.com.
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Salaries in USD B
Systems Engineer at Lockheed Martin
82 Lockheed Martin Salaries

Systems Engineer at Northrop Grumman
51 Northrop Grumman Salaries

Systems Engineer at Rockwell Collins
81 Rockwell Collins Salaries

Systems Engineer at Cisco Systems
72 Cisco Systems Salaries

Systems Engineer at Verizon
79 Verizon Salaries

Systems Engineer at Cerner
30 Cerner Salaries

Systems Engineer at Boeing
28 Boeing Salaries

Systems Engineer at QUALCOMM
70 QUALCOMM Salaries

Systems Engineer at Microsoft
43 Microsoft Salaries

Systems Engineer at SAIC
26 SAIC Salaries

Systems Engineer at Motorola
29 Motorola Salaries

Systems Engineer at Integral Consulting
Services
43 Integral Consulting Services Salaries

Systems Engineer at Texas Instruments
23 Texas Instruments Salaries

Systems Engineer at Juniper Networks
20 Juniper Networks Salaries

Systems Engineer at Apple
17 Apple Salaries

Systems Engineer at IBM
14 IBM Salaries

Systems Engineer at Alcatel-Lucent
13 Alcatel-Lucent Salaries

Systems Engineer at Infostep
32 Infostep Salaries

Systems Engineer at GE

Avg. Salary

$70,355

$62.690

$63,125

$104,693

$81,553

$58.903

$86.475

$77.406

$84.425

$80.012

$83.263

$60.256

$93.693

$114,504

$86.,134

$89.431

$106.,192

$67.562

$77.655
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Figure 9.

Snapshot of Randomly Selected Data on Available Salaries for Systems

Engineering Jobs Within the Private Sector (From Glassdoor.com, 2011)
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Electronics Engineer
5 US Department of Defense Salaries

$70,176 ssax I saok

Systems Engineer
5 US Department of Defense Salaries

Mechanical Engineer
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4 US Department of Defense Salaries
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Software Engineer
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Engineer g
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2 US Department of Defense Salaries

Figure 10.  Snapshot of All Available Engineering Salary Data (From Glassdoor.com,
2011)

3. Applicant Quantity and Quality

A larger pool of interested potential hires is one method of ensuring that enough
applicants are able to meet the needed qualifications. Too many organizations claim to
be hiring “the best and the brightest” without qualifying their use of that phase. David
Halberstam (1972) coined that phase for the title of his book, which describes the John F.
Kennedy Presidential team mired in Vietnam, in order to capture a sardonic, rather than
flattering tone (Rich, 2008). But the real need for systems engineers is unlikely to be met
by only new graduates, however academically ranked. This is because, as we noted
earlier, experience is essential for adaptive engineering within the context of what the
Army wants to accomplish with system of systems engineering and integration.
However, even advocates of the “grow your own” engineering force will admit that a

substantial base is necessary as a starting point.

Recruiting is important, but as The Honorable Mr. Ashton B. Carter,
USD(AT&L), stated in his 2010 interview with Defense AT&L magazine, “workforce
size is important, but quality is paramount” (Anderson, 2010, p.7). The key to ensuring
that quality recruits are found across all levels of the acquisition field is to ensure that the
recruitment begins before the current senior level of governmental employees start

41



retiring. It may take time to find quality and it may even be necessary to grow more

experienced quality from within if it cannot be found elsewhere.

The easiest way to ensure that recruiting begins quickly, is to leverage internships
and other entry-level intern programs, which will allow the government to flexibly recruit
personnel and provide on-the-job training (OJT). In this manner, classroom learning is
supplemented, and candidates experience OJT real-world scenarios, in order to determine

if each candidate is correct for the position, or can be helped to grow into it.

4. Recruiting Practices

Employers must seek access to new ideas and viewpoints by expanding the
current search for new middle-level talent from outside the profession - that is, to search
for more than traditional engineering graduates. They must recruit from other technical
fields such as information technology (IT), physics, chemistry, and biology. This can be
summarized by simply stating that one must consider resumes that do not look like the

resume of the hiring official.

A mistake made in current student recruitment is to underestimate students’
knowledge and abilities—that is, to “pitch” too low. Students today are often better
educated in specific technical subjects than their teachers (Partnership for Public Service,
2010). There has been much progress in school curricula in recent years, but because
education systems tend to sustain and replicate themselves, major changes are often

rejected regardless of their merit.

The following guidelines will enhance the motivation, education, and training of
young people:

. Establish and maintain contact with young people throughout their
education and their transition into the ranks of employees.

o Make contact not solely with students, but with all those who impact their
decision-making: parents, teachers, student advisers, career guidance
counselors, school administrations, among others.

. Establish and encourage partnerships among professional engineering
associations, colleges, industry, and federal, state, and local government
agencies. support scholarships and internships, and
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. Provide hands-on student research opportunities such as access to
government acquisition programs.

Other government agencies are already participating in these sorts of internship
recruitment efforts. For example, many of NASA’s external hires for entry-level
positions have been through the Cooperative Education Program, which provides NASA
centers with the opportunity to develop and train future employees and to assess the
abilities of potential employees before making them permanent job offers (GAO, 2008a).

Fortunately, mechanisms are already in place for agencies to capitalize on
successful internships by hiring students. The federal Student Temporary Employment
Program (STEP) and the Student Career Experience Program (SCEP) not only provide
work experience that directly relates to a student’s academic program and career goals,
but also SCEP allows for noncompetitive conversion to term, career or career-conditional

appointments.

B. TRAINING AND CERTIFICATION

Figure 11 serves as a guide for understanding the education progression for Army
engineers and acquisition experts. The engineer in an acquisition support role learns
more about aspects beyond their initial specialty and ideally would follow a path to
systems engineering. This is different from continuing in a specialized engineering
education that would maintain movement on the horizontal line. Learning DoD
acquisition and systems engineering is not likened to a master’s degree in mechanical
engineering. This is because the systems engineering taught in DAU would be focused
on the way the engineer supports the PM. The hypothetical jack of all trades resides at
the pinnacle in the upper right corner, which we have labeled Inter-PEO Systems

Integrator, because the skills are neither solely engineering, nor programmatic.
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Career Path
(An Army Example}

Acquisition Intra-PEO Inter-PEQ Inter-PEQ
Expert Collaboration Collaboration Systems
A Integration

Inter-PEQ
System of
Systems
Engineering

~)

Heretherebe - -

Dragons... System of

Systems
Engineering

Systems
Engin$ering

Programmatic Skills and Knowledge

Entry > Engineering
Level Expert

Engineering Skills and Knowledge

Figure 11.  Career Path Progression for Systems Integrator

Systems engineering for a typical PM in this circumstance is subordinate to
system of systems engineering or systems integration. The systems engineer looks
inward over the domain of the PM or PEO. The system of systems engineer looks
up/outward at the next levels in the hierarchy and laterally amongst peer programs to

determine how their respective efforts can combine to fit together as a whole.

At the lowest levels, exceedingly specialized knowledge in a particular area is
needed. Development expertise overshadows integration expertise. But at each
successive step, the realm of an integrator involves increasingly broader skills over

multiple areas.

Referring again to Figure 11, as an acquisition professional increases his scope, he
becomes an inter-disciplinary integration expert who is able to keep contributing PMs

and their programs aligned. Engineering is only one of those disciplines. As stated
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before, the chart has “Integrator” in the upper right corner rather than “Engineer” for a
reason. The Master Integrator may or may not have the title of engineer, but she will
have engineering training. Likewise, the Master Integrator may not have held an
acquisition position as a PM, but she will have taken the training. ASA(ALT) expert, Jon
Englebrektson (2010), coined the position as a “Program of Programs Manager” and a

partner to the system of systems engineer.

INCOSE has also created a multilevel certification program (INCOSE, 2010b).
This program recognizes the skills of a variety of enrollees and certifies them at various
stages in their career. While this may be a clearly recognized and very portable
certification, it may not be easily worked into the busy schedule of the Army civilian.
INCOSE certification levels are depicted in Figure 12. The ability to add extensions to
the certifications, such as a specialty in acquisition, is illustrated in the right-hand side of

the figure.

Extensions

ESEP Expert Systems Engineering Professicnal
CSEP Certified Systems Engineering Professional
ASEP Associate Systems Engineering Professional
-Acq US DoD Acquisition Extension

Figure 12. INCOSE Certification Program Progression (From INCOSE, 2010b)
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NASA has developed a similar approach, as shown in Figure 13. Core
competencies overlap between project management and systems engineering. However,
the NASA structure and approach, as noted before, does not “fit” perfectly in the Army
(NASA, 2010).

Figure 13. NASA Project Management and Systems Engineering Competency
Framework

The key variable, however, is building greater awareness for the field of systems
engineering and ensuring that the right kinds of skills are being applied toward these
positions. Solving that important challenge could go a long way in helping overcome
society’s technology challenges and creating a skilled workforce that can more readily
find valuable employment opportunities (Amaba, 2010).

The number of college and universities offering programs in systems engineering
is increasing as students recognize the employment opportunities available in both
government and industry. Schools with smaller systems engineering programs are
expanding them as the rate of interest increases (Amaba, 2010). With academia course
material currently in an evolutionary stage, how can the Army ensure standardization of
the systems engineering educational levels of the applicants it receives who have degrees
in systems engineering? The DAU, available to all DoD employees to train in a variety
of career fields, is a source for possible standardization.
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In response to the perceived need for systems engineers and systems engineering
training, the DAU has developed a three-level training and certification program for
systems engineers and program systems engineers (see Appendices B and C). These
programs allow for a wide range of participants and skill levels, from the newly hired to
the more experienced personnel. Experienced personnel are described by the DAU
(2010a) as individuals who have four years of technical experience in an acquisition
position. Of that experience, at least three years must come from positions in SPRDE-
SE, SPRDE-PSE, or SPRDE-S&TM. The remaining year of experience may come from
positions in IT, Test and Evaluation, Production Quality Management, PM, or Life Cycle
Logistics.

Similar experience gained from other government positions or industry is
acceptable as long as it meets similar standards. Experience is further broken down into

type of assignment. These are categorized as:

o Functional specialist

. Software/IT engineer

o Developmental engineer

. Science and technology research engineer or scientist

Relatively clear definitions of associated duties can be found in the DAU
Certification Guide for each of these assignments at each of the three levels (DAU,
2010a). Completion of course modules for each level of DAU SE certification, per the

DAU SE Certification Guide, ensures some standardization of quality and competency.

Core Certification Standards are published as guidelines for acquisition,
functional training, education, and experience. DAU courses available in the “Core Plus
Development Guide” (DAU, 2010a) are clearly listed and broken down for each
assignment type. As a side benefit, this certification structure addresses training for
systems engineers operating in traditional engineering roles and the positions of
Integrator or Program of Programs Manager (J. Engelbrektson, personal communication,
December 13, 2010). Clearly, the perceived need for training from the context of an

acquisition professional can be readily fulfilled.
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On larger programs, with program elements co-located, an alternative training
option is to bring the trainers to the program area and have the training conducted on-site
with the project. The trainers come to the project and “educate” the systems engineers on
exactly what they need to do and the next steps to take. The FCS, as an Army example,
was spread across multiple states and is a program that would not have lent itself to this

training solution.

C. RETENTION

The loss of experienced employees, due to retirement or to more promising
opportunities, can deal a serious blow to an agency’s operational capacity and
performance, if the departing workers leave with institutional knowledge and
organizational savvy that up-and-coming staffers do not yet have. Attrition and retention

are important indicators about the state of the workplace environment.

Any job (even within the government) must offer a rewarding lifestyle. Managers
and supervisors of government civilians should seek employees’ guidance on their work
environment and recognize that especially with today’s young people, flexibility and the
use of the most current electronic tools are of importance. Retention can be as simple as
ensuring that employees are being used to their fullest possible capabilities. The 2008
report by the Merit Systems Protection Board to the President of the United States found
that employees overwhelmingly agreed (91%) that their work was important, while one
third (32%) indicated that their job did not make good use of their skills and abilities
(U.S. Merit Systems Protection Board, 2008).

Another key element in retention is creating a revised attitude toward failures:
instead of chastising those whose ideas or projects do not succeed, employers must now
recognize the value of failures as a way to learn not only how to prevent future failures,
but also how to open new pathways to successful results. More and more employers have
begun to tolerate failures by their youngest engineers and provide them with the

resources needed to assure greater successes later (AIAA, 2009).
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Employees should be encouraged to develop project management skills, and be
given the opportunity to learn a broad spectrum of jobs rather than focusing on a single
one. They should receive recognition of their ability and their contributions to society
and the profession. As stated earlier in this chapter, training is available and employees
that are allowed access to that training are more likely to stay with their organizations. It
is up to employers to make it happen.

Employers should not foster “workaholics” by setting the example of 24/7 work;
instead, they should encourage a life outside the work place, and they should strive to
work a 40-hour week. All workers, regardless of position, should be given at least a
summary of the key points of the company strategy. Typically, about two thirds of
employees do not involve themselves in their company’s goals, and nearly half are totally
disconnected from their employer (AIAA, 2009). Employers should also ensure that
employees understand their role in the greater good and that the employees make a
different in the lives of other people (AIAA, 2009). These two ideas are reinforced by

the survey data summarized in Figure 14.

CAREER GOALS OF AMERICAN STUDENTS INTERESTED IN
SELECTED INDUSTRIES FOR EMPLOYMENT AFTER GRADUATION
All American Students Interestedin Students Interested in

Career Goals Students Government/Public service Nonprofit/Not-for-Profit Incustry
Tobe a leader or manager of peaple 3% 26% 19%
To be a technical or functional expert 15% 12% 5%
T be autonomous or independent 14% 13% 12%
To be competitively orintellectually challenged 40% 40% 39%
To be dedicated to a cause or to feel that] am serving a greater good 46% 63% 80%
To be entrepreneurial or creative/innovative 24% 15% 20%
To be secure or stable in my job 46% 44% 3%
To have anintemational career 17% 25% 2%
To have work/life balance 66% 60% 2%

The Universum IDFAL™ Employer Survey 2008, Undergraduate Edition, American Students

Figure 14.  Career Goals of American Students Interested in Selected Industries for
Employment After Graduation (From AIAA, 2009)
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According to a 2010 report published by the Partnership for Public Service and

Booz Allen Hamilton (Partnership for Public Service & Booz Hamilton, 2010), retention

can be best summarized, as depicted in Figure 15, by ensuring that a balance is met

between the four major areas that describe needs that all employees have in order to feel

valued and happy:

Teamwork, Supervision, and Leadership
Performance Management, Compensation, Benefits, and Work/Life;
Agency Mission and Employee Skills Match

Employee Development and Support

Work environment framework

TEAMWORK, SUPERVISION
AND LEADERSHIP

PERFORMANCE
MANAGEMENT,
COMPENSATION,
BENEFITS AND WORK/LIFE

AGENCY MISSION AND
EMPLOYEE SKILLS MATCH

STRATEGIC

LEADERSHIP PURPOSE

TEAMWORK AND SKILLS AND
SUPERVISION MISSION MATCH

WORK
ENVIRONMENT

PERFORMANCE SOCIALIZATION AND
MANAGEMENT SUPPORT FOR DIVERSITY

WORKLIFE, PAY TRAINING AND
AND BENEFITS DEVELOPMENT

EMPLOYEE DEVELOPMENT
AND SUPPORT

Figure 15.

Work Environment Framework (From Partnership for Public Service & Booz
Allen Hamilton, 2010)
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V1. CONCLUSION AND RECOMMENDATIONS

A. CONCLUSION

This joint applied project was created to answer the primary question: What
recommendations does the ASA(ALT) SoSE need to make to the USD(AT&L) to ensure
that the proper personnel are recruited, trained, certified, and retained, to increase the
U.S. Army systems engineering capabilities needed to meet the increasingly complex

requirements of the Army’s system of systems strategy?

Over the course of researching and writing this joint applied project, we have
come to conclusions that we did not originally expect. The technical aspects of training
available to the systems engineering community within the DoD appears robust enough
to provide value, but staffing the systems engineering community has been problematic at
best. It is the implementation of proper recruiting, use of training, and retention (RTR),
that have been the problem. A common theme across the U.S. government is that one
rarely ever thinks that RTR is important until we hit a major crisis point, and then when
things are slower no one is thinking about RTR because they are in the process of

regrouping.

RTR is a matter of leadership making RTR a priority for their people. It is a
matter of supervisors and key management staff acknowledging that education and

certification are important, more important than just getting the job done.

If the Army acquisition community wants its people to augment and enhance their
current ways of looking at problems and solutions, stay interested and focused, and retain
its people and provide the necessary continuity that is required to support MDAPs, then it
needs to create the proper work environment that allows the RTR actions to occur,
without sacrificing the overall mission requirements. This appears to be applicable
beyond the Army acquisition community; however, more follow-up study is necessary to
determine true applicability.
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To phrase it differently, a supervisor might say, “lI can do without you for a
couple of weeks, if it means you're coming back better and stronger than before.” What a
supervisor saying that does to an employee, is leave the impression, “I'm valued by this

organization and they're interested in my future.”

Additionally, making certification one of the requirements for promotion, and for
greater responsibility, helps to solidly convey an organizational leadership's commitment
to their people. This way, the promotion requirements are codified in a manner in which

people can readily understand where they are within the organizational structure.

The key to a great organization has never solely been its ability to execute its
technical mission as efficiently as possible. Leadership guru Warren Bennis best summed

up this idea in the following quote:

Good organizations make people feel that they're at the very heart of
things, not at the periphery. Everyone feels that he or she makes a
difference to the success of the organization. When that happens, people
feel centered and that gives their work meaning. An organization is only
as a good as its people. (Heathfield, 2011)

B. RECOMMENDATIONS

As a result of the data and analysis from this paper, we are providing the
following recommendations for the ASA(ALT) in four categories: Overarching,
Recruitment, Training & Certification, and Retention. These recommendations will
consist of both recommendations and additional areas of focus that we believe the SOSE

needs to consider as part of the process to fix their problem.

Following are our recommendations for the SoSE.

1. Overarching

. Realization that changes to the systems engineering RTR process will not
be a panacea for the problems that plague systems engineering for
ASA(ALT)

. Create an ability to articulate exactly what the Army is looking for from

systems engineering personnel, to include:

o Defining what activities a systems engineer is expected to perform
in support of an acquisition program.
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. Listing the artifacts of those performed activities.
. Creating metrics to measure success.

Ensure that recruiting, training and retaining employees is not a short-term
goal and short-term fixes are not something that should be expected.

Create incentives for systems engineering employees who want to stay in
these positions.

Develop a metric (or series of metrics) to ensure that the proper workforce
size and quality are met.

Develop a process that ensures that organic workforce growth is
adequately met.

Develop a system to ensure that proper retirement knowledge transfer
occurs given the fact that 57% of the DoD acquisition workforce is
expected to retire by 2015.

Recruitment

Establish an Army systems engineering recruitment strategy.

Focus on creating a work environment that attracts personnel who would
not normally be interested in government service.

Increase focus on out-of-the-box candidates as the best candidate for the
job, even if they might not appear to be the best one on paper.

Improve the advertising to potential recruits in areas in which government
service provides more value than the private sector (e.g., the ability to
make a difference in real-world situations).

Improve the ability of the recruitment process to include current DoD non-
Army personnel into the overall recruitment process.

Training and Certification

Develop a rapport with education providers to present recommendations to
influence the kind of curricula that are out there for systems engineering
(e.g., more broad-based program management skills).

Develop a cross training capability for new systems engineers coming into
the government, such as a specialized systems engineer intern-type
program so that these new graduates get a feel for the total acquisition
process from the perspectives of different people, levels of responsibility,
subject-matter experts, program offices, PEOs, etc.

Focus on education and specialized experience to ensure that the right
people are being selected for key positions.
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Retention

Ensure that the retention of good people is a focus for the leadership in the
Army — cross-training opportunities, opportunities with industry, long-
term training opportunities, and perhaps even a separate pay scale like
there is for scientists needs to be an initiative that is a high priority for
Army leadership.

Develop a process that allows people who have the capability to be
systems integrators to be recognized by management as able to take on
systems engineering types of positions, even if they are not necessarily
schooled engineers. Provide opportunities to attend conferences and
symposium to allow for community recognition and involvement.

Recognize personnel for their achievements in continuous learning.

54



A

APPENDIX A. RESEARCH MATRIX

RESEARCH MATRIX DEVELOPED TO FOCUS RESEARCH

RESEARCH QUESTION ANALYSIS NEEDED DATA REQUIRED
Assessment of posititions currently identified as SE but NOT associated  |Current Army definition of Systems Engineer
with tradiional engineening backgrounds and prerecuisites
I |What is a Systems Engineer Review of SE literature from course Incose definition
What systems engineers need to know (handout) DoD definition (Def Acq Guidebook)
Review of DDRE briefings Mis-identification instances
Review of current SE policies Army SE overview NDIA SE conference
la| How are Systems Engineers currently utilized Review of New Acq Initiatives and implementation for SE, OSD OSD policy on Army SE policy for PEOs
RDECOM SE policy for PEOs
) ) ) ) Review of current Army policy for hiring Sys Engrs Definition of policies
2 How does th§ Army recruit, train, certify and retain a core competency of Motvation theonies Roview of current Literature
Systems Engineers - - - -
Retention theories Review of current literature
Leadership?/Budget/Stovepipe programs that lack required interoperability [Look at programs that have recently failed, been restructured, or cancelled
L . to find out what were the factors driving the decisions -- could they have
3 [Why are Y acquisition programs failing been attributed to the lack of systems engineering?
‘What is the cultural resistance to Ses? Rand Study
N Why are recently fielded and currently fielding Army systems not Review of ASAALT briefings PEO-I and FFID direction from VCSA.
a compatible/interoperable DoD SE Briefings
4 [What has changed that makes the need for Systems Engineering greater Review of top 5 SE issues in Defense Industry - NDIA task force Pull 1.nf0rmau.on from handout, RAND STUDY, RDECOM information,
C3T information
‘What is diferent about the way NASA or Navy solves a problem and the  |Comparison of courses offered; where is there a gap. Need Raytheon SE
the Army does it? lan, NASA SE plan, Navy SE plan, Rand t, REDECOM SE
[What is being done by other parts of the Government, DoD, Industry and ey e ycoos L - — - y pan, ‘p an, Navy st plan, Ran co.rp report,
5 | Academia in the field of SE and th text of their effort Army reconfigures unit structure and mission "on the fly" - what impact plan, C3T teaming arrangement. DAU Curriculum, NPS, INCOSE,
caderma n the ield 0 and the context ol ther eliorts does this have on SE or on routine vs adaptive expertise? NASA, Academia, Also reference Achitecture training for Capability
Is SE focus too narrow? Managers in TRADOC.
5 Does the Army need only Systems engineering or is something else needed [Review of WSARA? 'WSARA and "trends" of civilianizing positions. Gates direction to reduce
to agument systems engineering contractor spaces.
7 How do the challenges faced by ASAALT qualify as wicked problems and [What are wicked problems; definition; examples Definition of wicked problems, Case study, restructuring to make problems
(how are these wicked problems solved |go away, taming wicked problems.
Is it enough to have "engineering analysis” levy engineering requirements [TRL migration to SRL, Points awarded for solving problems traditionally [NASA analysis - SRL research, Systems view
8 Jon PMs to adjust product when that will have programmatic cost and outside the PM's lane.
schedule impacts
9 | Are systems engineers to be empowered over the PMs Systems engineering needed up front - poor articulation of benefits causes |DAU tr?mmg for SE, Reqmrements tracability impact on SE, post-
PM's to not invest. production SE perspective,
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RESEARCH QUESTION

ANALYSIS NEEDED

DATA REQUIRED

How do we acquire adaptive experts rather than the routine experts that

How do we apply systems thinking in an approach that leverages SE,
operates within the contractual/legal language of Acquisition and
understands the reality of human behavior impacts on the DoD

Find examples of suceessful programs that think outside the box.

10 formal engineering education produces procurement process
Can we develop courseware that challenges people to think outside the  |Find classes like NPS, DAU, and UCSD. Focus on critical thinking, non-
box? traditional problem solving.
Are these examples applicable to ARMY? Find examples of successful programs that think outside the box.
1 How are organizations structured to allow for the adaptive Manhattan Project, the Wiz Kids, other examples? We need published
expertise/paradigm shifing to allow for out of the box solutions information that SHOW'S how Army re-invents itself every year/every war/
every change in leadership.
Review of career path Alan developed TRADOC core competencies
I What kind of training curriculum do we build for the systerns Leadership Look at NASA SE leadership development program
integrator/adaptive expert How do we build from the various SE and Acquisition courses currently in |DAU Curricutum, NPS, INCOSE, NASA, Academia
the marketplace (both gov't and industry) -- what is the "best of breed" in
each of these areas that would establish a cohesive coursewarefor Systems
[ntegration
How does industry retain and motivate, what works and how much does it |OPM Materials
cost?
What are current government practices and policies Positioning the ageney, designing and implementing a diversity program,
. . . . . sustaining commitment
3 Wthat li required to retain and motivate the adaptive experts/systems Building and maintaming a diverse workforee Took ot industry
integrators
§ National Grid website Building a world-class workforee
Nat Assoc of State Workforce Board Chairs Building and retaining the aerospace workforce
Will Examples from NASA be applicable to Army NASA briefs - show narrow focus does NOT matter in regards to rewards.
1 'What are the tools of the of the SE trade and how can they be maximized to|Cross walk these tools between acquisition, ARCIC, ASA(ALT) and DAU SE training (tools) INCOSE "tools" - SAIC "tools" (telease required)
ensure maximum utility industry.
15 [Cultural and policy impediments Corporate resitance to change Rice bowls..... Library book
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APPENDIX B. DAU SPRDE-SE CERTIFICATION PROGRAM

A DAU SPRDE-SE CERTIFICATION GUIDE LEVEL I, LEVEL Il AND
LEVEL 111 (DAU, 2011)

Feature - Systems Engineering
Certification Guide Level I

Level I | Level I | Level III

Level I Certification Guide

Type of

Assignment Representative Activities

¥ Plans, organizes, and conducts engineering activities relating to the design, developrment, fabrication,
installation, modification, sustainment, and/or analysis of systerns or systerms components for a functional
specialty {i.e., reliability and maintainability, systems safety, materials, avionics, structures, propulsion,
chemical/biological, human systems interfaces, weapons, etc.).

¥ Dermnonstrates how systems engineering technical processes and technical managernent processes guide
engineering activities for a functional specialty,

Functional Specialist

¥ Plans, organizes, and conducts engineering activities relating to the design, development, and/or analysis
of software and information technology systems or systems components,

¥ Demonstrates how systems engineering technical processes and technical management processes guide
software development and/or IT integration activities.

Software/IT
Engineer

¥ Plans, organizes, and conducts engineering design and development activities for systems or systems
Developmental components.

Engineer ¥ Demonstrates how systems engineering technical processes and technical management processes guide
design and development activities,

Science and b Plans, organizes, and conducts science and technology research and engineering achivities supporting
Technology acguisition programs, projects, or activities.

{Research Eng or » Dernonstrates how systems engineering technical processes and technical management processes guide
Scientist) science and technology research and engineering activities,

Core Certification Standards (required for D
EL AL EEIGIG [l » ACQ 101 Fundamentals of Systems Acquisition Management
(ST e AT = | MG T e * SYS 101 Fundamentals of Systemns Planning, Research, Development, and Engineering

Education ¥ Baccalaureate or graduate degree in a technical or scientific field such as engineering, physics, chemistry,
biology, mathematics, operations research, engineering management, or computer science

¥ 1 yvear of technical experience in an acguisition position from among the following career fields/paths:
SPRDE-SE, SPROE-S&T, IT, TRE, POM, FE, PM, or LCL

¥ Similar experience gained from other government positions or industry is acceptable as long as it meets
the above standards

tification.
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Core Plus Development Guide (pesired training, sducation, and
experience. )

Type of Assignment

S&T
{Res
ng/Sci)

Func Soft/IT Dev

Spc  Eng EngE
J
«

BCF 102 Fundarnentals of Earned Yalue Management

BCF 106 Fundamentals of Cost Analysis

BCF 107 Applied Cost Analysis (R)

CLE 001 Walue Engineering

CLE 004 Introduction to Lean Enterprise Concepts

CLE D09 Systemn Safety in Systerns Engineering

CLE 011 Modeling and Simulation for Systems Engineering
CLE 015 Continuous Process Improvement Familiarization
CLE 036 Engineering Change Proposals for Engineers

CLL 011 Performance-Based Logistics

CLM 013 work-Breakdown Structure

CLM 016 Cost Estimating

CLM 017 Risk Management

IRM 101 Basic Information Systems Acquisition

LOG 101 Acguisition Logistics Fundarnentals

LOG 102 Systems Sustainment Managerment Fundamentals
PQM 101 Production, Quality, and Manufacturing Fundamentals
SAM 101 Basic Software Acquisition Management

TST 102 Fundamentals of Test and Evaluation

«Jala| [4]a]a| [«

oJalala| [4]al4] |&

N C RN Y I EN R R R R RA R R R RN RN
o (o] |&] [ala]a] [«]a]a]a]s

4|4

F None specified

F one (1) vear of technical experience (in addition to core certification experience)
Notes:
1 The Core Cerification Standards zection lists the training, education, and experience REQUIRED for certification at this level.

2 “(R)” following a course title indicates the course is delivered as resident baszed instruction.

3 when preparing vour IDP, you and your supervisor should consider the training, education, and experience listed in this Core Plus
Developrnent Guide if not already completed.
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Feature - Systems Enginesring
Certification Guide Level 11

Levall | Level IT | Leval 1L

Level IT Certification Guide

Type of

i lenrese Alhve FE '1.‘. s
Assignment Representative Activities

b Crganizes, conducts, andfor monitars engineenng activities in a functional specalty relabng to the design,
dewelopment, fabricabion, installation, modihcation, sustainment, and/or analysis of systems or systems
components. Analyzes, conducts, andfar monitors enginearing achvities im a funchonal specialty relating to
Functional & : he design, development, fabrication, installation, modification, sustainment, and/or analysis of systems or
systams com@onents,

k ppplies systems enginearing tachnical and technical management processas to 3 functional specialty in
1IFT environments.

: b Organizes, canducts, andfor monitars engineering activities relating to the design, development, andsar
Software /1T analysis of software and infarmation technalogy sysbems or systems components,

o b Applies systerns engineernng technical and technical managerment processes to software and 1T
dewvelopment.

b Organizes, conducts, andfor monitors engineesnng design and development activibes for syskems or
Developmental systems component

Er:gineer F dpplies systems enginearing technical and techrical mmanagement processes dunng systems
development,

O = I i ! i
Science and b Drganizes, conducts, andfor montors scence and technology research and enginesnng achvibes

Tachnology supportng acquisiton programs, projects, or achyities,
{Re search Eng or b Applies systems engineening technical and technical management processes to managing or conducting
Scientist) soience and technology research and enginaering activitias,

ication Standards irequired for

FACD 2014 Intermediabs Svyskermns dcquisibon, Part &
FACD 2018 Intermediate Systems Acguisition, Part B (R}

FAYS 202 [ntermediate Systems Planning, Research, Development, and Enginearing, Part 1

ST GO EIR LI » SYS 203 [ntermediate Systems Planning, Research, Development, and Enginearing, Part 11 (R}

b CLE 003 Tachnical Reviews

b Baccalaureate or graduate degree in & technical or scientific fisld such ag engingering, physics, chemistry,
biology, mathemnatics, operstions research, engineering managerment, or camputer scisnce

b 2 years of technical experience in an acquisition position, Of that:

’ : b - At least 1 yearin 2 SPROE-3E, SPROE-FSE, or SFRDE-SATM position

Experienc b - Remainder may come fram IT, TRE, FOM, PM, or LCL

b Similar experience gained from other government posibons or induskry 15 acceptable as long as it meets
the above standards

Acquisition Train

Education
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Core Plus Development Guide (pssired training, education, and
EXpErience. )

Type of Assignment
S5&T

Func Soft/IT Dev
Spc Eng EngE

(Res
ng/Sci)

CLB 016 Introduction to Earned Value Management

CLB 017 Performance Measurement Baseline

CLC 041 Predictive Analysis and Systerns Engineering

CLE D07 Lean Six Sigma for Manufacturing

CLE 016 Outcorme-Based Performance Measures

CLE 017 Technical Planning

CLE 026 Trade Studies

CLM 029 Met-Ready kKey Performance Parameter (NR-KPP)

CLM 031 Improved Statement of Wark

CLM 032 Evolutionary Acguisition

CLM 101 Analysis of Alternatives {AoA) (USAF Process)

IRM 202 Intermediate Information Systemns Acquisition (R}

LOG 103 Reliahility, Availability, and Maintainability (RAM)

LOG 200 Intermediate Acquisition Logistics, Part A

LOG 204 Caonfiguration Management

POQM ZD1A Intermediate Production, Quality, and Manufacturing, Part &
STM 202 Intermediate S&T Management {R)

TST 203 Intermediate Test and Evaluation {(R) +

TV EY R RARY I RN

o] [«]al4|4

TV EY RN R RYEN N RN RY PN N RN

R BN B E RN R RN R RN RYENRAEN

A LAY

4|4,

b Graduate degree in a discipline such as engineering, physics, chemistry, biology, mathermatics, operations research, engineering
rmanagerment, or computer science

b Two (2) yvears of technical experience {in addition to core certification experiance)
Notes:
1 The Core Certification Standards section listz the training, education, and experience REQUIRED for certification at this level,

2 “(R)” following a course title indicates the course is delivered as resident baszed instruction,
9 When preparing vour IDP, you and your supervisar should consider the training, education, and expetience listed in the Core Plus
Cevelopment Guide at this and the lower level(s) if not already cormpleted.

13 Sorne continuous learning (CL) rmodules have been created by extracting leszons in their entirety from a training course, If this iz the
caze for the CL module(s) identified in the above care certification standards, the course frorm which the CL rmodule was extracted is
identified in the "Motes"” section of the CL course description and the courze can be substituted to meet the certification standard,
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Feature - Systems Engineering
Certification Guide Level 111

Leval1 | Lewel II | Lewel 111

Lewvel IIT Certific

Type of

: ‘epresentativ ivitie
Assignment Representative Activities

b Leads and/or manages enginesering activities in a functional specialty relating to the design, development,
" fabricabion, installation, madification, suskainment, and/or analy<is of systems or systems components,

actional Spec st : i 4 g i ] Lo

Functional Speciali ¥ Ensures appropriste syst=ms engineering technical and technical management processes are properly

applied to funchonal specialty activities that support IFT environments.

5 b Leads and/or manages engingering acovities relabing o the design, developrment, and/or analysis of

Software /1T software and information technology systems or systems components,

Engineer b Ensures approprizte sysbems engingering processes are properly applisd to software development and/or
. 1T inkegration actvities,

Developmental b Leads anddor manages design and development achvities for systems or systems components,
Engineer b Ensures appropriate systems engineering processes arg propery applisd during systems development.

Sclence and b Leads and/or manages science and technelogy research and engineering activities supporting 2cguisition
Technology programs, projects, or activitiss,

{Research Eng or b Ensures apprapriste sysbems engineering processes are praperly applisd during science and technalogy
Scientist) activibies,

Core Certification Standards

b Bequisition Training identified at Lewvel IT must have been completed

‘edquired for DA

k 5YS 302 Technical Leadership in Systems Enginesring (R)

b CLL 008 Designing for Supportability in DoD Systemns o o R )

b Baccalaursate or graduate degree in s technical or scienbific fisld such as enginsering, physics, chemistry,
biology, mathematics, operations research, engineering management, or camputer sciznce

¥ 4 wears of tachnical experience in an acguisition position, Of that;

: b - ik least 3 yearin a SPROE-SE, SPRDE-FEE, or SPRDE-S&TM position

Exparience ¥ - Ramainder may come fram [T, T&E, PQM, PM, or LCL

b Zimilar experience gained from other government positions or industry is acceptable as long as it meets
the above standards
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Core Plus Development Guide (Desired training, education, and
experience.)

Type of Assignment

CLE D08 Six Sigrna: Concepts and Processes

CLE 021 Technology Readiness Assessments

CLE 301 Reliability and Maintainability

CLL 022 Title 10 Depot Maintenance Statute Owerview

CLL 023 Title 10 U.5.C, 2464 Core Statute Implementation

CLL 024 Title 10 Limitations on the Performance of Depot-Level Maintenance (504500
CLL 025 Depot Maintenance Interservice Support Agreements (DMISA)
CLM 014 IPT Management and Leadership

CLM 034 Science and Technology—Lesson from PMT 3524

LOG 201 Intermediate Acquisition Logistics, Part B {R)

LOG 235 Performance-Based Logistics, Part A

LOG 236 Performance-Based Logistics, Part B (R)

PMT 251 Program Management Tools Course, Part I

PMT 256 Program Management Tools Course, Part II

PMT 352A Program Management Office Course, Part A

PQM 203 Preparation of Comrmercial Item Description for Engineering and Technical
Fersonnel

SAM 301 Advanced Software Acguisition Management {R)
5TM 303 Advanced S&T Management {R)
TST 303 Advanced Test and Evaluation {R) '3 o <

|4

oJafale]afa] |a]a]a]a]a]ala]a

<[44«
4

<
<

b Graduate degree in a discipline such as engineering, physics, chemistry, biology, mathematics, operations research, engineering
rmanagement, or computer science

F Four (4) vears of technical experience {in addition to core certification experience)
Notes:
1 The Core Certification Standardz section lists the training, education, and experience REQUIRED for certification at this level.

2 “(R)" following a course title indicates the courze is delivered as resident based instruction,

3 When preparing your IDP, vou and your supervisor should consider the training, education, and experience listed in the Core Plus
Dewvelopment Guide at this and the lower levelis) if not already completed.

13 sorme continuous learning (CL) modules have been created by extracting lessons in their entirety from a training course, If this is the
caze for the CL rodule(s) identified in the above core certification standards, the course from which the CL module was extracted is
identified in the "Notes" section of the CL course description and the course can be substituted to mmeet the cerification standard,
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APPENDIX C. DAU SPRDE-PSE CERTIFICATION PROGRAM

A DAU SPRDE-PSE CERTIFICATION GUIDE LEVEL I, LEVEL 11, AND
LEVEL 111 (DAU, 2011)

CERTIFICATION STANDARDS & CORE PLUS DEVELOPMENT GUIDE
PRDE-P YSTEMS EN |

Type of Assignment Representative Activities

& Damonstratas how systems engineering technical and techniczl management processes 2pply o acquisition
programs.

& Intaracts with program IPTs regarding the proper 2pplication of systems engineenng proceszes,

@ Devalops systems models and work breakdown struciures; uses top-down design and botiom-up product
realization

& Demonstrates how sysiems engineering procassas apply while working in & program office or user support team
R BT CO TR G 6T R = upporting in-senice, out-ofbproduction systems,

Systems Engineer & Interacts with wser suppan teams regarding sustainability and reliasilitymaintzinadility improvements on fielded
systems,

Acquisition Program
Systems Engineer

Core Certification Standards (required for DAWIA cenification)

Acquisition Training ACO 1M Fundamertals of Syslems Acquisition Management

@ 5¥5101 Fundamentals of Svstems Planning, Research, Development. and Engineering
& Two 100-l2vel courses must come from the fallowing list

® BCF 102 Fundamentals of Earmed Value Managameni

& RN 104 Basic Information Systams Acquisition

®LOGAM Acquisition Logistics Fundamentals

@ LOG 102 Systems Susiainmani Management Fundamantals

@ PGM 104 Froduchion, Quality, and IManufacturing Fundamentzls

#T57402 Fundamentals of Test and Evaluation

Education Baccalaureate or graduate degree in atechnical or scientdic field such s engineening, phisics, chemistry, Diology,
‘ methematics, operations research, engineering management. or computar science

@ 2 years of experience in an SPROE-SE, SPROE-PSE, or SPROE-S&TM acquisition pasion
Experience @ Similar gxpenence gained from other govemment posdions or indusfry Is acceptadle as long as i meets the above
standards

Functional Training
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Core Plus Development Guide (desired training. education, and experience)

Training

BCF 102 Fundamenis of Eamed Vale Management

Type of Assignment
Acq Prg Sys

Eng

Sus Prg Sys
Eng

BLF 108 Fundamenzis of Cost Anslsss

BCF 107 Appiliess Cost Ansheks ()

CLE 8 PErning. Programming, Buogsting, 2nd Execution 2nd Buoget Exnibis

CLE 81 irtroduction 10 Eamed Yake Management

LIS IS

CLC 108 Strategic Sourcing Ouenvisw

CLC 112 Comracion: Accompanying Te Fore

CLE 001 Value Enginesring

CLEF e imtrociaciion o Lean Emerprise Concepis

LIRS |RIR]S

CLE S Sysiem 33ty In Sysiems Enginesning

CLE 011 Mooeling and Simulsson fr Sysems Enginesring

CLE 015 Confimucas Process mprwement Familiznzsion

CLE 538 Engineering Crange Propoeals or Englneers

CLL 002 Defere Logisties Ageney Support i Fie P

SISISIA RN S

CLL e Depol Maimenance Parinering

CLL &1 Perfbmance-Eased Logisiice

%

CLL 17 imtrociaction o Defense Distribution

LIRS |RIN]S

CL M 013 Work-Brealricwn Siruciuse

CLM 01§ Cost Esfimaling

%

CLM M7 Risk Maregement

%

CLM 821 Infroduction o Reducing Totl Ownereship Coeks (R-TOC)

CLM 832 Evnilufionan; AcouisEon

IRM 101 Sasic ImomEion Fsems AcouiEion

LOG 101 AcgaisTion Logisiics Fundamentsis

SIS ISR AN

LOG 102 Systeme SusEinment Maragement FundamenzE

POM 101 Prodaction. Qoily, and Mamufachaing Foncamenizis

%

T3T 182 Fundamenials of Test and Evalusiion

Education

Mome speciied

Expenence

one specilied

Hotes:

# Tne Core Cenfication SEntars section sE e reining, eucation. and experience REQLURED Tor certificaton =t his ewel

» “[F)" Diliowing 3 counss 1Tk Indicaies The course b oeflered 35 resivent Dasad Instuction

& 'When orenaring wour IDP. vow 2 voul susenAsor showic coneider e training . ecucalion. and e=erience Bsted inThis Corz Pius Develooment Gulde I not already
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CERTIFICATION STANDARDS & CORE PLUS DEVELOPMENT GUIDE
SPRDE - PROGRAM SYSTEMS ENGINEER LEVEL i

Representative Activities

Type of
Aszignment

Acquisition Program » Agoliss sysiems enginesring feohmieal and lecnical management processes NPT
Systems Engineer » Daweions programiprofedt sysiems englhesring plars. eic

® Aooiliss spstems engineering processes I program ofies 3nlior useT supoon teams fr aenice od-otomauciion EpsiemE
LT w10 D Eoy o et I 0 Ceanshones st upgrademnadMication plans o suzoor new of Intenoperaiiily reguinements

Systems Engineser # Daslops obsolescence mikgation, kechnology Insertionmodemization. relizbliS:mahiznabli; Improvement, oo, plare. a8
e

Core Certification Standards {required for DAWIA cerfification)

# ACG M4 inermedizie Systems Acquishion, Pat A
# ACG NB inermedizie Systems AcquisRion, Pan B (R}

# LOG 2 Configuration Wiaragement

# 33200 riemediaie Sptems Plaming, Reseanch, Dawiopment, 3 Enghesrng, Pan
® 3Y3 MG mermedise St Plaming, Sesearcy, Demipmet a0 Enghesrng, P 1 R)
8 CLE oG Technical Reviews

8 002 100 of 200 level Counse must Comé from e Rillkwing hist

o BOF 106 Fundameniale of Cost Analisls

Functional Training o BCF 30 Software Cott Estimaing |R)

# 1AM 27 iarmedtste Hrmation Syetems Acquistion (R

# LOG 163 Rellasiity, Aaiiaaiify, 350 Malvangoiny [Rak)

® PMT 281 Program Matagement Tool Course Pan

# PN 214 rermnediate Brodustion, Cually, 3% Manvsiuring, Fan A

® 5TH 360 eermeciate SET hianagement (R}

S TET 00 rhermediste Test 303 Balation (R)

Bacoalaurienth of Gracuate ORgree 1 3 BCPKal of BCHEIT DEKI BuSh B8 ARG, DPVRICE CPRTIIES DIGIog, MR
DDRTATNE HEBITEN. EYINRENIY MARAgEI Of COMOUN BONN0R
@ 4 yRare o EpRrOR I Y BOgUIRRION poin. O Pt

@ = AL R D et OF iR I 30 SPADE-SE SPADE-REE of SPRDE-SLTH BoouiRk poitk
@ = ReeTainoer may comk o T, TRE POKL P o LEL

Aequisition Training

Expérience

65



Acqg Prg Sys Sus Prg Sys
Eng
CLE RO Lean St Sigra S Wrutctong v s

P e — ¥ o
CLERIT Tecrmisa Py v o
Hﬁmwmm v
_CLE D26 Trace Shemss v o
["CLL 822 T 10 Depot Maimierancs Suite Overvien .
_CLL B3 TR 10US.C. 2464 Core Sahute Fnpiemartaion v
[ CLL 024 Thie 10 Limatiors on P Pertbrmance of Dept-Lewl Narienarce (5050 ¢
_CLL 25 Dot Mairienance iiersenios Suggon Agreements (DMISA) v
CLM 2% Ne-Ready Ky Perbrmance Barameter (NA-ER) ¥

¥

CLW 10 Analyss of ATBmEes (AGK) (USAS Process)
LOG 103 Seuanity, Acaltasiity, 370 Matalacit; (RAL) ¥
LOG 200 aermidiate ASSUlEI LOgiecs FanA

LOG 201 misrmedtane ASQUEEN Logince. #an 8 (R)

LOG 3% Perbrmance-Saees Logisics, Fan A

LOG 3§ Perbrmance-Sases Logisics. Pan B {A)

PN 331 Program hiamagemens Took Course. B |

T 35 Program iiaragement Took Course P i

PO 20 mosrmecituse Prooustion. Cuily, ang Manueemy. Fan A
PO 3010 moermecine Procuciion, Suin. ang Manvacemyg. Fan B [R)
T5T 303 moermecie Test ang Bupiason (/)

A% ALY ALY AY A S

Y A LY A A

mﬁmummnmmm.m.mmmm MIBGETET, COTOUR BINN0E 7 )
]

H
@ Tr Core Cenmicamion STachm BecTion S T8 MRV E00CER0n, 300 Epenence REQURED Tr canfican BT el
& [)" DI B COUTEE TER IPOICESES T DOUTEE B ORILETEC BE MRSIETE DBEC PEITLTION
8 Y (TSI ot D, 0 BV 0T BqeETvIBGT BV COPISI0ET TN WA, SOLCIEON, BN EDETIEncE RSN I T Cooe Pl Desingment Suine TS Ihd I
Ko i) I ot BTEROY oS
2 S0me pOnTnuous BBy (CL) MOcuss REVE Deen CreEe by ExrRcEng S50ns 1 el enirely om 3 TENRG courEe i S M case e e O moouie(s) idenifieg
) s BOCUE COME CRMFCESicn BSRNGENDE. T DOUTEE o which e CL Mooyl wis extracisc B (0EERied In e “NoBE" B8CH0N of e CL COUTHS 0RECTIDNON Bnd e CoursE
£ DE ECOETENEC 13 Mibe! I CENISENGN EENOD

66



CERTIFICATION STANDARDS & CORE PLUS DEVELOPMENT GUIDE
SPRDE — PROGRAM SYSTEMS ENGINEER LEVEL il

Type of

: Representative Activities
Asz=zignment

 An3lzes 3 aoplies ocesses whls MEQTEng MUt DoTERE | RV o engnesring EecEtes) 3 5T s EETET
Acquisition Program Bt

Systems Enginesr # 530E 3007 TENEJEE EiEETE engnesig aoluTE ORS0s SEETE BngesTng DEE B leats I EoliEes FTE
# DETONETEEE Snelence I MEE0ETET BSSTEND COMTUTICEIOTE. 30 Drietng SO

# =30 andor mEnEges fysiems enginesring Soffiss for programe suoooriing n-sendce oui-otornouciion SEETE

LT =T s e =t B e Azlizes 20 aoplies sysieme engnesring procsssss In plEmning 3nd escution of oosoiscence migation. systeT upgradss and
Systems Enginesr miodifications. iechnoingy Rsedtion, mocemizaton. susEinalty, refisnlt meinzinasdly moreTenE B 38 a0omoriss
 Demonsiraies sualiencs I management Bs0emEni communicEtiong. and brisfing skl

Core Ceritfication Standards jrequired for DAWIA certification)

Lt TRk ifa Tyl DTy Ty o R A== Bon Training ientied =i Leved B must fave been compisied

# 3Y3 302 Technical Leadershb In Sysiems Engineering (R}
@ CLL 068 Designing tor Supportasiily n DoD Sisleme

& Two 200 or 300 evel course must come from e fllowing Bt

@ BCF 21 Acouislion Bushess Management (R}

o RM 304 Ananced nbrmation Syt Acuisiion ()

#LOG 26 remedizis Acguisiion Logisics. PatA

#L0G 21 rermedizs Acquistion Logistics Part B (R)

# PMT 25 Program Maragement Took Couree, Part B

# POM 2018 remediat Production. Quaily, and Manuackring Part B (R
# POM 301 Ad:anced Production, Quaily, an0 Manuctrng [R)

# 3TM 303 Adanced SET Management [R)

® T5T 303 Acvaces Test 3 Bl (R]

mmn 7E0EE 0207EE I 3 TS 07 BT TR BT 33 ERESTND DUENE SUETIE, DNy TEMETIIE
0ETSIONE TESEINTN ENgIneening METEgETENt, O DOTDUES SCENCE

# 5 /237 Of Bxperience 0 acouistion poslion OF Pt

@ - Al 35t 5 years of expenience b n SPROE-SE SPADE-PSE. or SPRDE-SATM acquislion posion

& - Rieainger may come fom 17T, TAE. POM, PM, or LCL

» Simifiar experience gared Som ofes goverment poslions o Indushy 5 acoeptatie 2 ong a5 B meets e 20 sandars

Functional Training

Experience

67



Core Plus Development Guide (sesies training, education, and experence) Type of Assignment
: AcqPrg Sys  5us Prg Sys
Training Eng Eng2

ACD 5D Leading In e Acouistion Envirnment () ¥ ¥
ACD 451 ieyrae AsguisEn bor Deckion Maiers (R @ ¥
ACD 453 Forying Sokeoicer Relsionsnice [R) ¥ ¥
O B4 ot Ssiers ineqreed Supeos Sraedis (1553 o

CLL 815 Busiress Cmse Analls »

C11 303 Diminiching Marafssh i Snorees 2ad Msteral Shoranes [DLUSAS) Escenials o
_CLL 2 Ciminiehing Manu=cising Soumes 2o Manisl Shorsges [DMSMS) Case Sudies W
CLM 814 BT Morngesent 2 Leccersal o o
CLM 031 Improved SEiement of Wos ¥ @
CLM 035 Enmrementsl 53ty ond Oocupaions] Heal—Leceon Som PAIT 3524 o e
CLM 200 Rem-Lnique iDentmcan #
FE 201 iniermedise Faclifies Englressing e
LOG 350 Everpice Lie o Logisscs Management (R) #
PMT 3524 Progrom Moragement O Couse. Pt # J
PMT 3528 Program Marsgemens Ofce Cooee, D=t B [R) o o
PEM 391 Adverced Prodection, Cuaily, and Manutcheng [R) .«'
_T3T 303 Advanced Test and Evaletion [R) o o
Adanced deqres o gadsl sbdes I enginesrng. phyelcs. chamily, ioiogy, mahematics. oparalions TReaarth. englnecring Maragemant computer Scknce, or 3
relsd TRl

Expenence

R sRcTied
Notes:

& The Qone CRnPCanion SRanGarte Bection Bl Te raihing, e0ucaion, ang epenance REUIFSEL Tr Cormcanon X Tis el

R Dlowing 2 Coumse TR NGICEEs e Couree I Delered 28 regidet Dased INEtruciion

i WA PRESAM] ouf D9, yu 300 jhu EuDenisGr ENGUN] CONEI0ES e 1ANRG aduCEon. 30T Exparance D] In The Cofe Pius Dewiooment Guida 31 Wis 370 e
Krivk? MRl T AGE Snaa; QOrTaeeg

® Some coTtinutgs aming (CL) moouies Rave Dée CRERY Dy eXYRCING BEE0NE IR eI erlirely oM 3 iraining course. FTIE i e Caee Tor he L module(s) ideified
I T F00VE CONE CRMFCIION EDNCTO0E. e COUTEE TOM WhICh T CL MOouie 93S STRCRG I 08TTNR0 I e “hotes” S8CT0N OF e CL 00UrSE ORECTIDNON 30 T COUrRe
00 DR BUDESEAR B bt T CRAMCENST ENERT

68



APPENDIX D. ITEMS OF INTEREST THAT EXCEED THE SCOPE
OF THIS PROJECT

We have not done any research into the overall cost factor that would be applied
to any additional training requirements. This would need to be researched in further

detail prior to implementation of any of the recommendations made in this chapter.

There has been no analysis done as to the current value of the DAU certification
offerings as they relate to the Arm’s acquisition needs. There has also been no analysis
as to the value of the traditional educational formats found in colleges and universities in
that same context. There would need to be additional analysis done prior to any

adjustments being made to the above mentioned items.
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