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Abstract. The need for research into the nature of systems engineering was articulated in 1994. This
paper summarizes some of that subsequent research focusing on the papers published on the unifica-
tion of systems engineering within the last 20 years and presents a number of frameworks that can
unify the various views of systems engineering, explain the overlaps between systems engineering
and management, manage complexity and overcome some of the deficiencies in the current systems
engineering terminology and graphics.

1. INTRODUCTION
Section 2 covers the need for research into a grand unified theory of systems engineering (GUTSE)
(Friedman, 2006), articulated during the closing session of the National Council on Systems Engineer-
ing (NCOSE) 1994 symposium and summarizes research into the nature of systems engineering by
providing a list of publications. Section 3 demonstrates the use of holistic thinking by using the per-
spectives perimeter to summarize perceptions of systems engineering from the Holistic Thinking Per-
spectives (HTP). Section 4 brings together and summarizes the following seven frameworks, six of
which have been previously published in per-reviewed journals, which could be used to construct a
GUTSE.

1. Holistic Thinking.
2. Hitchins-Kasser-Massie framework (HKMF) framework for understanding systems engi-

neering.
3. Differentiating between Systems Engineering the Role (SETR) and Systems Engineering

the Activity (SETA).
4. Pure Systems Engineering, Applied Systems Engineering and Domain Systems Engineer-

ing.
5. A Problem Classification Matrix.
6. A Systems Engineering Competency Maturity Model Framework.
7. The Nine-Systems Model.

If the GUTSE is considered as a system, the frameworks are considered as subsystems. Six of these
frameworks have been published in peer-reviewed journals. Section 5 summarizes the paper and con-
tains the conclusions.

2. THE NEED FOR A GUTSE
George Friedman called for the development of a GUTSE (Friedman, 2006) echoing (Hill and
Warfield, 1972) who wrote “development of a theory of systems engineering that will be broadly ac-
cepted is much to be desired.” Friedman wrote about the stovepiping of systems engineering, and the
use of inappropriate graphics and terminology, in, and since 1994 when he had called for research into
the nature of systems engineering. There is an additional need for a GUTSE because since the early
1990’s, systems engineers have had a problem, not only explaining what they do, to other people but



also defining it amongst themselves.

The baseline for this research into the nature of systems engineering began at the 1994 symposium of
the NCOSE, where presenter after presenter opened their presentation with a definition of systems
engineering and each definition was different. However, when each presenter continued by describing
the functions performed by systems engineers, they talked about planning, organizing, directing and
controlling; the traditional functions of management (Fayol, 1949) page 8). When asked what systems
engineers did, their answers were also different. These observations in 1994 triggered a research pro-
gram into the nature of systems engineering and its overlap with project management and problem-
solving. The initial research showed that there seemed to be no unique body of knowledge to systems
engineering and that all of the activities performed by systems engineers, apart from possibly re-
quirements and interface management, were also performed by other types of engineers (Kasser,
1996). The paper concluded with “systems engineering is a discipline created to compensate for the
lack of strategic technical knowledge and experience by middle and project managers in organiza-
tions functioning according to Taylor's "Principles of Scientific Management”. Subsequent research
into the nature of systems engineering included a literature review of text books published between
1959 and 2011 starting with (Goode and Machol, 1959) as well as the proceedings of all the interna-
tional symposia of the INCOSE since 1991. Further research into the nature of systems engineering,
systems engineering tools, process improvement, the overlap between systems engineering and pro-
ject management and problem-solving and systems engineering’s attempts to manage complexity was
documented in (Kasser and Hitchins, 2012; Kasser, 2012b; Kasser and Hitchins, 2011; 2010; Kasser
and Zhao, 2014; Kasser, 2014; Kasser, et al., 2014; Kasser and Hitchins, 2013; Kasser, 2010d; 2007a;
2013b; 2000a; c; b; Kasser and Shoshany, 2000; Cook, et al., 2001; Kasser, 2001; Kasser and
Shoshany, 2001; Kasser, 2002c; b; f; d; a; g; e; Kasser and Cook, 2002; Kasser, et al., 2002; Cook, et
al., 2003; Kasser, 2003; Kasser and Cook, 2003; Kasser, et al., 2003; Kasser, 2004b; a; c; 2005a; b; c;
Kasser and Mirchandani, 2005; Kasser and Palmer, 2005; Kasser, et al., 2005a; Tran and Kasser,
2005; Hari, et al., 2006; Kasser, 2006; Kasser, et al., 2006; Scott, et al., 2006; Kasser, 2007d; b;
Kasser, et al., 2007; Kasser, 2009a; b; Kasser and Hitchins, 2009; Kasser, et al., 2009; Kasser, 2010b;
a; c; Kasser and Frank, 2010; Kasser, et al., 2010; Kasser, 2011b; a).

3. PERCEPTIONS OF SYSTEMS ENGINEERING

Systems engineering has been defined as “the science of designing complex systems in their totality to
ensure that the component subsystems making up the system are designed, fitted together, checked
and operated in the most efficient way” (Jenkins, 1969). However, in the ensuring 45 years, instead of
performing systems engineering as defined by Jenkins, systems engineers seem to have been busy
creating more and more complex models and processes. This observation can be mapped into the ho-
listic problem-solving process shown in Figure 5 as the undesirable situation, where:

 The undesirable situation is the failure of systems engineering to manage the complexity of
the systems development environment.

 The future desirable situation is systems engineering successfully managing the complexity
of the systems development environment.

 The solution is a theory of how to manage complexity and a set of tools for managing com-
plexity based on the theory.

 The problems are:

1. To understand the reasons why systems engineering has not been able to manage the
complexity of the systems development environment in a repeatable manner.

2. How to develop a theory for managing complexity and the tools for managing com-
plexity based on the theory.

When faced with a problem it is always useful to find out if anyone has faced the same or a similar
problem and understand their approach to remedy their problem. Mendeleev, when faced with the
problem of making sense of the relationships between chemical elements and their properties, sorted
the elements into a table. His contribution was to create a framework, the Periodic Table of Elements,
and populate it with the known elements, leaving gaps which represented unknown elements. Using a



similar approach, the perceptions of systems engineering from the perspectives perimeter identified in
the research were sorted and grouped in the HTPs. A summary of these perceptions include:

Big Picture perspective3.1.

Perceptions from the Big Picture perspective included:

 Successes and failures.
 Inadequate systems engineering is repeatedly cited as a major contributor to failed projects

particularly in the National Aeronautical and Space Administration and the United States of
America Department of Defense (DOD) (Evans, 1989; Leveson, 2004; Welby, 2010; Wynne
and Schaeffer, 2005).

 Systems engineering:

 Is practiced in many domains.
 Is practiced in different phases of the system lifecycle.
 Overlaps with other disciplines.
 Interfaces to other disciplines.

 What academia was teaching.
 Systems engineering seemed to be poorly taught in general.

Operational perspective3.2.

Perceptions from the Operational perspective included:

 What systems engineers produce.
 What systems engineers do; the role of the systems engineer.
 The roles of the systems engineer in 1969 (Jenkins, 1969).
 The roles of the systems engineer in 1996 (Sheard, 1996).
 There was a focus on the systems engineering process.
 “A single process, standardizing the scope, purpose and a set of development actions, has

been traditionally associated with systems engineering” (Arnold, 2000).
 Systems engineering is performed in the context of three streams of work between milestones

(Kasser, 1995). Hence the three streams contain systems engineering and non-systems engi-
neering activities.

 Systems engineers perform systems engineering in various scenarios which included:

 Conceptual design.
 Requirements management.
 Architecting.
 Interface management.
 Testing.
 Integrating.
 Verification and validation.
 Engineering management.

Functional Perspective3.3.

Perceptions from the Functional perspective identified the following functions performed in the oper-
ational scenarios:

 Problem-solving.
 Systems thinking.
 Holistic thinking, going beyond systems thinking.
 Analysis.
 Synthesis.
 Decision-making.
 Communicating.



The Structural Perspective3.4.

Perceptions from the Structural perspective included:

 The many definitions of systems engineering; at least forty.
 Systems engineers were people who used tools.
 The tools of systems engineering in the 1960s (Alexander and Bailey, 1962; Wilson, 1965;

Chestnut, 1965).
 The tools of systems engineering in 2005 (Jenkins, 2005).
 Systems engineering met Kline’s requirements for a discipline (Kline, 1995).

The Generic Perspective3.5.

Perceptions from the Generic perspective included:

 The similarity between systems engineering and mathematics; two enabling disciplines
providing tools used to solve problems in other disciplines.

 Systems engineering was demonstrating the symptoms of a discipline in its early stages. For
example, the state of:

 Electrical engineering before the formulation of Ohms’ law in 1827 and Maxwell’s
equations in 1873.

 Chemistry before Mendeleev framed the Periodic Table of Elements in 1869.

 The focus on process improvement is not unique to systems engineering For example, Peter
Drucker wrote “Throughout management science--in the literature as well as in the work in
progress--the emphasis is on techniques rather than principles, on mechanics rather than de-
cisions, on tools rather than on results, and, above all, on efficiency of the part rather than on
performance of the whole” (Drucker, 1973) page 509).

The Continuum Perspective3.6.

Perceptions from the Continuum perspective included:

 Dichotomies in the literature on systems of systems.
 Dichotomies in the literature on complexity.
 The Distinction between subjective and objective complexity.
 Two types of [real] complexity; real-world and artificial (Kasser and Palmer, 2005).
 The Seven camps in systems engineering (Kasser and Hitchins, 2012).
 While there was some commonality in the text books on systems engineering each book had a

different focus and contained unique material.
 There was no single systems engineering process. All the process descriptions were different.
 The systems engineering process overlapped the problem-solving process.
 The two paradigms of systems engineering, the ‘A’ paradigm and the ‘B’ paradigm (Kasser,

2012b).
 Differentiating between Systems Engineering - the Role (SETR) and Systems Engineering -

the Activity (SETA) (Kasser and Hitchins, 2013).

The Quantitative Perspective3.7.

Perceptions from the Quantitative perspective included:

 A literature review reveals that many of the works on improving systems engineering have
focused on improving and developing new systems engineering processes, and tend to ignore
people, see (Swarz and DeRosa, 2006; Goldberg and Assaraf, 2010) for typical examples.

 The literature on excellence focused on people, not process (Rodgers, et al., 1993; Harrington,
1995; Peters and Austin, 1985; Peters and Waterman, 1982).

 The top ten reasons for project success and failure cited in the oft quoted Standish report
made no mention of process (CHAOS, 1995).



 There were five distinct types of systems engineers (Kasser, et al., 2009). These observations
were matched to factors conducive to innovation in the innovation domain literature (Gordon
G. et al., 1974).

 The relative number of systems engineers and other disciplines needed in the different phases
of the system lifecycle (JAXA, 2007).

 While requirements were considered critical to systems engineering, there was no metric for
the goodness of a requirement.

The Temporal Perspective3.8.

Perceptions from the Temporal perspective included:

 The history and origin of systems engineering.
 The Standards used in systems engineering ignore the early stage systems engineering activi-

ties.
 The degree of micromanagement in the Standards increased exponentially over time from the

AFCM 365-5 in 1967 (Gelbwaks, 1967) to the DOD Architecture Framework (DODAF) in
2004 (DoDAF, 2004).

 The evolution of systems engineering from a process that began with the development of a
common vision of the solution, to a product that began with the elicitation and elucidation of
requirements.

 DOD 5000.1 required the use of systems engineering.
 DOD 5000.2 emphasized the use of systems engineering
 DOD 5000.2-R assigned the early stage systems engineering activities to Cost as an Inde-

pendent Variable (CAIV) to be performed by Integrated Product and Process Development
(IPPD) (DOD, 1998; DOD 5000.2-R, 2002).

 Systems engineering evolved into two paradigms, the ‘A’ paradigm and the ‘B’ paradigm
(Kasser, 2012b). The ‘A’ paradigm is the original systems engineering of the 1960s starting
with the early stage activities and the B paradigm follows the DOD approach of starting with
requirements elicitation and elucidation.

 Three attempts to manage complexity in the INCOSE literature (Martin, 2004; Adcock, 2005;
Paul and Owunwanne, 2006).

The Scientific Perspective3.9.

Insights from the Scientific perspective included:

 The different camps of systems engineering were views of systems engineering from a single
perspective.

 The distinction between the SETR and SETA paradigms clears up the overlaps and conflicts
in the literature between project management, systems engineering and Engineering, and pro-
vides a view of the relationships between the activities performed to realize a system (Kasser
and Hitchins, 2013).

 The development of the Hitchins-Kasser-Massie Framework (HKMF) for understanding sys-
tems engineering shown in Figure 2 (Kasser and Massie, 2001; Kasser, 2007c; d) and summa-
rized in Section 4.21.

 The different roles performed by systems engineers and the different types of products devel-
oped in different phases of the system lifecycle identified from the HKMF are two reasons
why systems engineers, using different  single viewpoints, could not agree on the nature of
systems engineering. This is a similar situation to the fable of the blind men studying the ele-
phant and drawing different conclusions.

 Systems engineering could be partitioned into pure and applied systems engineering in a simi-
lar manner to partitioning of mathematics into pure and applied maths where:

1 The HKMF is summarized in Section 4.2 to keep the seven frameworks together in Section 4.



 Applied systems engineering covers the activities performed in the operational sce-
narios in which systems engineering is performed (Section 3.2).

 Pure systems engineering cover the functions performed in the activities (Section
3.3).

 Understanding why there were different versions of the systems engineering process. Since
“the systems engineer creates a unique process for his or her particular development effort”
(Biemer and Sage, 2009), consider each published version of the process as the unique pro-
cess created for their particular development effort by someone or some group at some point
in time, at some point in the system lifecycle.

 The ‘B’ paradigm is inherently flawed. Recognition that the ‘B’ requirements paradigm is in-
herently flawed is not a new observation. For example:

 Sutcliffe et al. proposed reducing human error in producing requirements by analys-
ing requirements using an approach of creating scenarios as threads of behaviour
through a use case, and adopting an object-oriented approach; namely they proposed
a return to the ‘A’ paradigm (Sutcliffe, et al., 1999).

 Daniels et al. point out that standalone requirements make it difficult for people to
understand the context and dependencies among the requirements, especially for large
systems and suggest using use cases to define scenarios (Daniels, et al., 2005).

 One of the two underlying concepts of Model Based Systems Engineering (MBSE) is
to develop a model of the system to allow various stakeholders to gain a better under-
standing of how well the conceptual system being modelled could remedy the prob-
lem, before starting to write the requirements. MBSE with its roots in the process
camp of systems engineering and the ‘B’ paradigm has rediscovered the CONOPS
and is trying to return to the ‘A’ paradigm.

 The confusion between the “systems engineering process” and the problem solving process
can be resolved by recognizing:

1. IEEE 1220 stated that “the systems engineering process is a generic problem-solving pro-
cess” (IEEE 1220, 1998) Section 4.1). IEEE 1220’s replacement of the term “the prob-
lem-solving process” by the term “the systems engineering process” seems to have led to
today’s focus on process; specifically the [solution] system development process. Had the
standard instead stated that ‘systems engineers apply the generic problem-solving pro-
cess’ the focus of systems engineering might have remained as the original focus on man-
aging complex problems (Jenkins, 1969).

2. When the problem is:

 Small or non-complex the sequence of activities in the remedial action is known as
the “problem-solving process”.

 Large or complex, the sequence of activities in the remedial action is known as the
“systems engineering process” instead of the system development process (SDP).

4. FRAMEWORKS FOR A GUTSE
Making sense of systems engineering is a complex problem, and once the information perceived from
the Holistic Thinking Perspectives (HTP) was examined, inferences from the Scientific perspective
suggested that the following seven interdependent frameworks together with a number of to be deter-
mined others, could eventually lead to a GUTSE:

1. Holistic Thinking.
2. The HKMF.
3. Differentiating between SETR and SETA.
4. Pure systems engineering, applied systems engineering and domain systems engineering.
5. A Problem Classification Matrix.
6. A Systems Engineering Competency Maturity Model Framework.
7. The Nine-Systems Model.



The reasons for this assertion include:

1. Holistic thinking is a very powerful thinking tool for dealing with complex problems.
2. The HKMF can be used to clarify the role of the systems engineer and their activities in

the three streams of work.
3. The SETR-SETA paradigm shows that while the role of the systems engineer and the role

of the project manager may overlap when viewing systems engineers and project manag-
ers in different organizations, the activities known as systems engineering and project
management do not overlap.

4. The Nine-System Model, being based on the holistic problem-solving process, manages
complexity more systemically and systematically than the three previous approaches
found in the INCOSE symposium literature (Martin, 2004; Adcock, 2005; Paul and
Owunwanne, 2006).

5. The combination of the frameworks provide a way to state the value of systems engineer-
ing as being “a part of the application of a systemic and systematic holistic approach to
remedying complex problems”.

Each of these frameworks except for “Pure Systems Engineering, Applied Systems Engineering and
Domain Systems Engineering” has been previously published in peer-reviewed journals and conse-
quently is only summarized in this section.

Holistic Thinking4.1.

Holistic thinking (Kasser,
2013a) goes beyond systems
thinking by not only think-
ing about a system as a
whole but also by doing the
thinking in a systemic and
systematic manner. It does
this by perceiving issues
from the perspectives perim-
eter using the HTP coupled
with active brainstorming
(Kasser, 2009a) to think in a
systemic and systematic
manner about a system (ide-
ation)2, coupled with critical
thinking (ideation and idea
evaluation) as shown in Figure 1. The elements of holistic thinking include:

 Viewing an issue/system/problem from each of the HTPs.
 Documenting perceptions of an issue/system/problem in the HTPs in the manner of Section 3.

This is a powerful way of organizing information when viewing a messy situation.
 Triggering ideas about remedying undesirable situations, and identifying problems using ac-

tive brainstorming (Kasser, 2009a).

The HKMF for understanding systems engineering4.2.

Two dimensions of the HKMF for understanding systems engineering (Kasser, 2007c; d; Kasser and
Massie, 2001) plot the product complexity and process (lifecycle) phase on different axes as discussed
herein.

2 Using the internal, external, progressive, Quantitative and Scientific perspectives from nine different view-
points on the perspectives perimeter.

Figure 1 Holistic Thinking (Structural perspective)



The vertical dimension4.2.1.

The vertical or product dimension is based on the work of (Hitchins, 2000) who proposed the follow-
ing five-layer model for systems engineering:

 Layer 5 - Socioeconomic,
the stuff of regulation and
government control.

 Layer 4 - Industrial Systems
Engineering, or engineering
of complete supply
chains/circles. Many indus-
tries make a socio-economic
system. A global wealth crea-
tion philosophy. Japan seems
to operate most effectively at
this level.

 Layer 3 - Business Systems
Engineering - many busi-
nesses make an industry. At
this level, systems engineer-
ing seeks to optimize performance somewhat independent of other businesses

 Layer 2- Project or System Level. Many projects make a Business. Western engineer-
managers operate at this level, principally making complex artefacts.

 Layer 1- Product Level. Many products make a system. The tangible artefact level. Many
[systems] engineers and their institutions consider this to be the only "real" systems engineer-
ing.

The horizontal dimension4.2.2.

The horizontal or process dimension covers the phases of the systems life cycle. The phases have been
stated in various ways in various standards, conference papers and books, but for this framework they
are defined in generic terms as:

1. Identifying the need.
2. Requirements analysis.
3. Design of the system.
4. Construction of the system.
5. Testing of the system components.
6. Integration and testing of the system.
7. Operations, maintenance and upgrading the system.
8. Disposal of the system.

The resulting two-dimensional framework is shown in Figure 2.

Initial perceptions from the HKMF4.2.3.

In its early days, the HKMF has (Kasser, 2007c):

 Provided an understanding of why systems engineers can’t agree on their roles and activities
(Kasser and Palmer, 2005).

 Provided an understanding of the reasons for the overlap between systems engineering and
management from the origin of the situation discussed by (Johnson, 1997).

 Shown a relationship between Enterprise Systems Engineering and the Engineering of Sys-
tems.

Differentiating between SETR and SETA4.3.

Systems engineering means different things to different people. This section summarizes the differ-
ences between SETR - the role or job description of the systems engineer and SETA - a set of activi-

Figure 2 The HKMF



ties known as systems engineering (Kasser and Hitchins, 2009; Kasser, et al., 2009):

SETR4.3.1.

SETR is a subjective definition from the Operational perspective of systems engineering. It can be a:

 Job title such as network systems engineering, control system engineering, communications
systems engineering, etc. In many instances the type of system is dropped from the title. The
on-the-job activities performed in such a role include, systems engineering, design, engineer-
ing, project management, testing, etc. SETR is performed in many domains, generally associ-
ated with technology and is often process-centric.

 Philosophy and a way of life (Hitchins, 1998) which Kasser interpreted as the application of
holistic thinking to problem-solving (Kasser, 2013a).

SETA4.3.2.

SETA is an objective definition of an activity based on the following criterion (Kasser and Hitchins,
2009; Kasser, et al., 2009):

 If the activity deals with parts and their interactions as a whole, then it is an activity within
the set of activities to be known as SETA.

 If the activity deals with a part in isolation, then the activity is not an activity within the set of
activities to be known as SETA but is part of another set of activities (‘something else’), e.g.,
Engineering, project management, software engineering, etc.

SETA is a return to Hall’s definition of “systems engineering as a function not what a group does”
(Hall, 1962) page 11).

The Relationships between the Activities

The relationships between the systems engineering, project management and engineering activities
performed to realize a solution system are shown in Figure 3 (Kasser and Hitchins, 2013) which is
based on the holistic problem-solving process. An entity associated with the undesirable situation
kicks off the SDP which consists of a set of activities performed in series and in parallel (a process)
which produces a solution system which is designed to remedy the undesirable situation. The activi-
ties in the SDP can be divided into project or engineering management, systems engineering and en-
gineering where:

 Domain knowledge is the underpinning information used by holistic thinking in the perfor-
mance of the activities performed in a SDP which require knowledge of the problem, solution
and implementation domains.

 Holistic thinking is the use of the thinking tools that use the domain knowledge to identify
and remedy problems in undesirable situations in the activities known as project management,
engineering and risk management.

 Risk management is the set of activities that anticipate, prevent and mitigate risks in the
problem, solution and implementation (product and process) domains used in the activities
known as project management, systems engineering and engineering.

 Project management is the set of activities known as planning, organizing, directing and con-
trolling (Fayol, 1949) page 8). Project management incorporates risk management to manage
process risks. Some of these activities are also currently known as systems engineering man-
agement.

 Systems engineering (SETA) is the set of activities defined in Section 4.3.2 and incorporates
risk management to manage system level product risks when designing and integrating the
overall system/interacting subsystems.

 Engineering is the set of non-SETA engineering activities that create subsystems incorporat-
ing risk management to manage product risks.



The concept map shown in Figure 3 shows a non-overlapping relationship between systems engineer-
ing, project management and engineering. In Figure 3 engineering activities may ‘provide’ by creat-
ing, by  building, by purchasing commercial-off-the-shelf (COTS) products, by changing a process,
by reorganizing a human activity system or by a combination of all or some of the above.

Mapping SETR and SETA4.3.3.

As discussed in Section 4.3.1, the role or job of the system engineer, engineer and project manager is
to perform an appropriate mixture of the activities known as systems engineering, engineering and
project management as well as any other pertinent activities to the project. Each person’s role in
SETR will be different because the mixture of activities depends on the organizational situation and is
different. This is why, project management, systems engineering and engineering have been perceived
as being overlapping.

Due to the various ways in which SETA and non-SETA have been allocated to personnel3 performing
SETR and non-SETR, in any specific organisation at any specific time, roles and activities do not
overlap 100%. Thus a person with the role or job title of systems engineer will perform a number of
activities that include systems engineering, project or engineering management, and engineering. And
an engineer might perform a mixture of engineering and systems engineering.

Pure systems engineering, applied systems engineering and domain systems engineering4.4.

This framework was created from the need to sort information discovered during a benchmarking
study of the stated content4 of the required courses in 11 systems engineering Master’s degrees in
2013 (Kasser and Arnold, 2014). Before creating the framework it was difficult to see any patterns in
the data. Once sorted by the three types of systems engineering it was easy to infer information in-

3 The word ‘personnel’ is used to avoid the semantically loaded terms engineers, systems engineers, project
manager, etc.

4 Recognizing that what was actually taught may not be what was stated on the institution’s’ Web site.

Figure 3. The relationships between the activities in the SDP in the SETA para-
digm



cluding:

 Different courses had different mixtures of pure systems engineering, applied systems engi-
neering and domain systems engineering.

 Textbooks on systems engineering focused on different aspects of pure systems engineering,
applied systems engineering and domain systems engineering.

 The problem of creating a Systems Engineering Body of Knowledge (SEBOK) was simpli-
fied. The knowledge could be structured as pure and applied. The domain knowledge was not
necessary, it being the province of the domain, so the problem of providing domain
knowledge for SETR in the SEBOK was dissolved.

A Problem Classification Matrix4.5.

A major difficulty in managing complexity has been the formulation of the problem. This framework
(Kasser, 2012a) is based on distinguishing between subjective and objective complexity and classify-
ing problems by:

 Level of difficulty of the problem.
 Structure of the problem.
 Complexity of the problem.

Level of difficulty of the problem4.5.1.

Classifying problems by level of difficulty is difficult in itself because difficulty is subjective since
one person’s easy problem may be another person’s medium, ugly or hard problem. Ford introduced
four categories of increasing order of difficulty for [well-structured] mathematics and science prob-
lems: easy, medium, ugly, and hard (Ford, 2010). These categories may be generalized and defined as
follows:

 Easy problems are problems that can be solved in a short time with very little thought.
 Medium problems can be solved after some thought, may take a few more steps to solve than an

easy problem and can probably be solved without too much difficulty, perhaps after some prac-
tice.

 Ugly problems are ones that will take a while to solve. Solving them involves a lot of thought,
many steps and may require the use of several different concepts.

 Hard problems usually involve dealing with one or more unknowns. Solving them involves a lot
of thought and some research and may also require iteration through the problem solving process
as learning takes place (knowledge that was previously unknown becomes known).

Structure of the problem4.5.2.

Perceived from the Continuum perspective, problems lie on a continuum which ranges from ‘well-
structured’ to ‘ill-structured’, where:

 Well-structured problems are problems where the existing undesirable situation and the Feasible
Conceptual Future Desirable situation (FCFDS) are clearly identified. These problems may have
a single solution or sometimes more than one acceptable solution. Well-structured problems with
single solutions tend to be posed as closed questions, while well-structured problems with multi-
ple solutions tend to be posed as open questions.

 Ill-structured problems, sometimes called ‘ill-defined’ problems or ‘messy’5 problems are prob-
lems where either or both the existing undesirable situation and the FCFDS are unclear (Jonassen,
1997).

 Wicked problems are extremely ill-structured problems6 first stated in the context of social policy
planning (Rittel and Webber, 1973).

5 When complex.
6 Technically there is no problem since while the stakeholders may agree that the situation is undesirable, they

cannot agree on the problem.



Complexity of the problem4.5.3.

The complexity the problem is determined by the number of issues, functions, or variables involved in
the problem; the degree of connectivity among those variables; the type of functional relationships
among those properties; and the stability among the properties of the problem over time.

The Problem Classification Matrix4.5.4.

The structure of the problem and the level of difficulty of problems are combined in the two-
dimensional problem classification matrix shown in Figure 4. The two dimensions are:

 Problem structure which is objective and ranges from non-complex through complex well-
structured problems to complex ill-structured problems and wicked problems.

 Level of difficulty which
is subjective and ranges
from easy to hard; where
simple problems can be
easy and medium while
complicated problems are
those that are ugly and
hard.

Different people may position
the same problem in different
places in the matrix. This is
because as knowledge is
gained from research, educa-
tion and experience a person
can reclassify the subjective
difficulty of a problem down
the continuum from ‘hard’
towards ‘easy’. There are no solutions to ill-structured and wicked problems; they must be converted
to well-structured problems before the main problem solving process can begin.

A Systems Engineering Competency Maturity Model Framework4.6.

Current approaches for constructing and using competency models are based on observations of what
systems engineers do in organisations but there is no way to directly compare competency models or
verify if indeed they are fit for purpose.

The Systems Engineering Competency Maturity Model Framework (CMMF) (Kasser, et al., 2013)
shown in Table 1 combines Holistic Thinking, the HKMF, differentiating between SETA and SETR,
the pure, applied and domain structure of systems engineering, and the Five Types of systems engi-
neers to create a framework that can be used to assess existing competency models and can also be
used as a framework on its own. The framework is used to assess competencies in three categories of
knowledge:

1. Applied and domain systems engineering.
2. Pure systems engineering (cognitive skills).
3. Individual traits.

Knowledge of the HTPs is assessed as declarative, procedural and conditional (Woolfolk, 1998). As-
sessment of knowledge, cognitive skills and individual traits is made in ways already practiced in the
psychology domain and do not need to reinvented by systems engineers. Where knowledge is required
at the conditional level, it includes procedural and declarative. Similarly, where knowledge is required
at the procedural level, it includes declarative knowledge.

Figure 4 Problem classification matrix



Table 1 A Systems Engineering Competency Maturity Model Framework

Type I Type II Type III Type IV Type V
Category 1: Knowledge areas

Systems engi-
neering

Declarative Procedural Conditional Conditional Conditional

Problem domain Declarative Declarative Conditional Conditional Conditional
Solution domain Declarative Declarative Conditional Conditional Conditional
Implementation

domain
Declarative Declarative Conditional Conditional Conditional

Category 2: Cognitive characteristics (Holistic Thinking)
Systems Thinking

Descriptive (8) Declarative Procedural Conditional Conditional Conditional
Prescriptive (1) No No Procedural No Conditional

Critical Thinking Confused fact
finder

Perpetual ana-
lyser

Pragmatic
performer

Pragmatic
performer

Strategic re-
visioner

Category 3: Individual traits (sample)
Communications Needed Needed Needed Needed Needed

Management Not needed Needed Needed Needed Needed
Leadership Not needed Not needed Needed Needed Needed

Others (specific
to situation)

Organization
specific

Organization
specific

Organization
specific

Organization
specific

Organization
specific

A literature review showed that the problem of assessing the degree of critical thinking in students
seemed to have already been solved (Eichhorn, 2002; Wolcott and Gray, 2003; Allen, 2004; Paul and
Elder, 2006). Wolcott and Gray aggregated lists of critical thinking abilities by defining five levels of
critical thinking (Wolcott and Gray, 2003). In addition, Wolcott’s method for assessing a critical
thinking level was very similar to that used by Biggs for assessing deep learning in the education do-
main (Biggs, 1999). Since a tailored version of the Biggs criteria had been used successfully at the
University of South Australia for assessing student’s work in postgraduate classes on systems engi-
neering (Kasser, et al., 2005b), Wolcott’s method was adopted for the CMMF. Wolcott’s five levels
(from lowest to highest) are:

4. Confused fact finder.
5. Biased jumper.
6. Perpetual analyzer.
7. Pragmatic performer.
8. Strategic re-visioner.

The horizontal dimension provides a way to assess the competence of a person in each broad area of
the vertical dimension against the levels of increasing ability.

Competencies can be developed for specific roles using workflow analysis of the activities performed
in the appropriate area of the HKMF.

The Nine-System Model4.7.

The Nine-System Model (Kasser and Zhao, 2014):



 Is based on the problem-solving approach to systems engineering in accordance with IEEE
1220 which stated that “the systems engineering process is a generic problem-solving pro-
cess” (IEEE 1220, 1998) Section 4.1).

 Maps into the holistic problem-solving process as shown in Figure 5.
 Manages complexity by abstracting out all information about the System of Interest (SOI) that

is not pertinent to the issue at hand.
 Is an application of the theory that complexity can be managed (but not reduced) by applying

a set of rules for grouping/aggregation/synthesis.
 Is a self-similar framework model usable in any level of the hierarchy.
 Encompasses aspects of the Seven Samurai (Martin, 2004), BPR, Checkland’s Soft Systems

Methodology (Checkland and Scholes, 1990), Hitchins’ approach to systems engineering
(Hitchins, 2007) and the SIMILAR process (Bahill and Gissing, 1998)

 Incorporates much of the content of the MIL-STD-499 (MIL-STD-499A, 1974), EIA 632
(EIA 632, 1994) and IEEE 1220 (IEEE 1220, 1998) Standards.

 Incorporates the seven principles for systems engineered solution systems (Kasser and
Hitchins, 2011).

 Provides a template incorporating built-in best practices that conform to the ‘A’ paradigm of
systems engineering (Kasser, 2012b).

 Is a conceptual model since as the Temporal perspective shows, all the systems do not coexist
at the same time.

 Comprises the following situations, processes and socio-technical systems in a clearly defined
interdependent manner:

S1. The undesirable or problematic situation.
S2. The process to create the FCFDS.
S3. The FCFDS that remedies the undesirable situation.
S4. The process to plan the transition from the undesirable or problematic situation (S1) to

the FCFDS (S3).
S5. The process to perform the transition from the undesirable or problematic situation (S1)

to the FCFDS (S3) by providing the solution system (S6) according to the plan developed
in the planning process (S4). S5 could be the SDP or an acquisition process if a suitable
COTS system is available.

S6. The solution system that will operate within FCFDS7.

7 The adjacent and supporting systems are not separate systems in this model because they are considered as
subsystems or adjacent systems of the solution system (S6). If they are:

Figure 5 Mapping the nine systems to the holistic problem solving process



S7. The actual or created situation.
S8. The process to determine that the realized solution remedies the evolved undesirable situ-

ation.
S9. The organization(s) containing the processes and providing the resources for the opera-

tion and maintenance of the processes. S9 is also often known as the Enterprise.

Each of the nine systems must be viewed from the appropriate descriptive HTP. In summary, the
Nine-System Model:

1. Is founded on a theory based on aspects of problem solving and system engineering.
2. Links into the existing problem-solving and process paradigms.
3. Builds best practices into systems engineering.
4. Discourages the current reductionist and isolationist views of a system by means of

the built-in metasystem (S7).
5. Encourages testing of solution system (S6) in context of the created situation (S7).
6. Abstracts out complexity and consequently opposes today’s tendency to make things

more complex.
7. Contains clear boundaries and lines of demarcation between the nine systems.
8. Shows that Development Test and Evaluation (DT&E) takes place as one of the

streams of work in S5 and Operational Test and Evaluation (OT&E) takes place in
S8. Hence by definition adoption of the Nine-System Model incorporates those activi-
ties as best practice.

9. Includes aspects that tend to be ignored in current paradigm, such as:

a. Planning the realization process.
b. The concept that the top level system is something else’s subsystem as in an air-

field is part of an Air Defence System.

10. Can be used to clarify the confusion arising from different perspectives of systems
engineering in the literature by showing how the Standards, the SIMILAR process,
problem solving and Hitchins’ version of systems engineering relate to each other.

5. SUMMARY AND CONCLUSIONS
This paper has summarized 20 years of research into the nature of systems engineering. Section 2
covered the need for research into a GUTSE (Friedman, 2006), articulated during the closing session
of the NCOSE 1994 symposium and summarized research into the nature of systems engineering by
providing a list of publications. Section 3 used the perspectives perimeter to summarize perceptions of
systems engineering from the HTPs. Section 4 summarized seven frameworks that could be used to
construct a framework of a GUTSE. Six of the frameworks, and the insights and benefits of the
frameworks have already been published in detail in the cited peer review publications. All of the
frameworks:

 Have provided insight into the nature of systems engineering and tools to use in the applica-
tion systems engineering.

 Are interdependent.

The conclusions from the research are:

1. Subsystems: they are purview of the systems engineer of solution system (S6) in the same manner as
any other subsystem and can be seen in the Structural and Functional HTPs of the solution system
(S6).

2. Adjacent systems: they show up in the Big Picture perspective of the solution system (S6); their opera-
tional interactions and interfaces are seen in the Operational perspective of the solution system (S6).
However, since S6 and the adjacent systems are subsystems of the metasystem operating in S7, the
specification of the nature of the adjacent systems are the purview of the system engineer of that meta-
system in the same way as the specification of the nature of the subsystems of S6 is the purview of the
system engineer of the solution system (S6).



1. Even if the seven frameworks do not constitute subsystems of a GUTSE, they have been
shown to be useful tools.

2. The combination of the frameworks provide a way to state the value of systems engineer-
ing as “being a part of the application of a systemic and systematic holistic approach to
remedying complex problems”.

Further research is continuing.
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