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Abstract. This paper resolves the problem of the overlap between systems engineering and project
management. The paper uses the “systems engineering — the activity” (SETA) paradigm to view the
activities performed in realizing a system. The paper:

1. Showsthat problem solving and systems engineering are identical in concept but vary in de-
tail depending on whether the problem is complex or non-complex.

2. Provides a concept map showing a hon-overlapping relationship between the activities known
as project management, systems engineering, Engineering and holistic thinking in the SETA
paradigm.

3. Linksrisk management activities and domain knowledge into the rel ationships.
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1. Introduction

The relationship between systems engineering, project management, engineering and problem solving
in the literature is confusing, containing overlaps and contradictions. This paper attempts to clarify the
situation based on research that distinguished between the following two systems engineering para
digms (Kasser, 2013a) Chapter 29):

systems engineering — the role (SETR), a job being what systems engineers do in the work-
place, and
systems engineering — the activity (SETA), an activity that can be, and is being, performed
by anyone.

Section 2 compresses 15 years of research into the nature of systems engineering by summarising the
nature of two different systems engineering paradigms, SETR and SETA.

Section 3 discusses the overlap between systems engineering and problem solving and showing that
the high degree of correlation between the so called “systems engineering process” and the “problem
solving process” may be explained as follows, in situations where the problem is:

Small the set of activitiesto remedy the problematic or undesirable situation (the remedia ac-
tion) is known as the “problem solving process”.

Large or complex, the remedia action has become known as the “systems engineering pro-
cess’ whereas it isreally the “solution system devel opment process” (SDP) commonly known
as the system devel opment lifecycle (SDLC) in which systems engineering takes place.

Section 4 discusses the systems engineering, project management and engineering activities in the
various phases of the SDP.
Section 5 provides a concept map showing the relationship between the activities known as project

management, systems engineering, Engineering and holistic thinking in the SETA paradigm. It aso
links risk management activities and domain knowledge into the relationships. The concept map
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shows a non-overlapping relationship between systems engineering, project management and engi-
neering and an explanation for why they have been perceived as overlapping.

2. Systems Engineering the Role (SETR) and Systems Engineering the Activity (SETA)

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-
ties known as systems engineering.

2.1 SETR

SETR is a subjective definition. It can be ajab title such as network systems engineering, control sys-
tem 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 engineer-
ing, design, engineering, project management, testing, etc. SETR is performed in many domains, gen-
erally associated with technology and is often process-centric. SETR can also be defined as a philoso-
phy and away of life (Hitchins, 1998) which Kasser interpreted as the application of holistic thinking
to problem solving (Kasser, 2013b).

2.2. SETA

SETA is aset of activities. The following criterion was used to determine if an activity does or does
not belong in the set of activities known as SETA (Kasser and Hitchins, 2009; Kasser, et a., 2009):

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

If the activity dealswith 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, €tc.

SETA is a return to Hall’s definition of “systems engineering as a function® not what a group does®”
(Hdll, 1962) page 11). Hall added “By recognizing the scope of the function it becomes possible to
dissect it, to understand its problems and to reconstruct it to make it more efficient than it is today”.
This paper continues that work.

Perceptions from the Functiona holistic thinking perspective show that SETA is performed in al do-
mains and jobs as an enabling discipline providing a set of thinking tools to “concentrate on the de-
sign and applications of the whole as distinct from the parts ... looking at a problem in its entirety,
taking into account all the facets and all the variables and relating the social to the technical”
(Kasser, 2013a).
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Figure 2. Holistic approach to managing problems and solutions

2.3. Mapping SETR and SETA

Due to the various ways in which SETA and non-SETA have been allocated to personnel® 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.

3. Problem Solving and Systems Engineering

Unlike the traditional approach to problem-solving which begins with a problem and ends with a solu-
tion, the holistic approach takes awider perspective and begins with a problematic or undesirable sit-
uation because “problems do not present themselves as givens, they must be constructed by someone
from problematic situations which are puzzing, troubling and uncertain” (Schon, 1991). From the
Big picture perspective, the context for systems engineering can be shown as in Figure 1 and begins
with the existence of a problematic or undesirable situation. Figure 1 can be expanded into Figure 2
(Kasser, 2013b) page 261) which converts the undesirable situation into a solution system operating in
the context of a Feasible Conceptual Future Desired Situation (FCFDS). From this perspective, the
observer becomes aware of an undesirable situation that is made up of a number of related factors. A
project is authorized to do something about the undesirable situation. The problem solver tries to un-
derstand the situation, determine what makes the situation undesirable and then create a vision of a
FCFDS. The problem then becomes one of how to move from the undesirabl e situation to the FCFDS.
Once the problem isidentified, the remedia action is taken to create and transition to the solution sys-
tem which will operate in the context of the FCFDS. The so-called “systems engineering process” is
identical to the problem solving process. The confusion between the “systems engineering process”
and the problem solving process can be resolved by recognizing that when the problemiis:

Small or non-complex the sequence of activitiesin the remedial action is known as the “prob-
lem solving process”.

Large or complex, the sequence of activities in the remedial action is known as the “systems
engineering process” instead of the SDP. This is in accordance with Jenkins’ definition of
systems engineering 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).

Thisrdationship is shown in Figure 3.

% The word “personnel” is used to avoid the semantically loaded terms engineers, systems engineers, project manager, etc.

3
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Figure 3. The SDP and the problem solving process

4. Activities Performed During the System Development Life Cycle

The Japan Aerospace Exploration Agency (JAXA) explains the relationship between project man-
agement and systems engineering during the SDP for projectsin Layer 2 of the HKMF as shown in
Figure 4. The figure can be extended and expanded as shown in Figure 5 to show the nominal rela-
tionship between the activities known as systems engineering, project management and engineering
over the SDP* not during the “systems engineering process”. Consider the activities in each phase of
the SDP organised according to the nine phasesin the HKMF (Kasser, 20134).

i From the beginning, observe “System Thinking” and “Identification of Risks”
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Figure 4 Project management and systems engineering in the system develop-
ment process ((JAXA, 2007))

4 Activities as opposed to roles or job descriptions, see (Kasser, 2013a) Chapter 29. Note that systems engineering and engi-
neering of systems are recursive because a subsystem at one level in the system hierarchy can be and often is a system in
itself.
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Figure 5. Representation of the nominal amount of systems engineering, project man-
agement and engineering of systems activities in the different phases of the SDP

4.1. TheNeedsPhase

This phase takes place in the A paradigm of systems engineering (Kasser, 2012). It contains the early
stage systems engineering activities addressing the problem and determining the conceptua solution
and is based on Hall, Gelbwaks and Hitchins (Hall, 1962; Gelbwaks, 1967; Hitchins, 1992) and the
summary in Brill (Brill, 1998), where:

Systems engineering begins with afocus on converting a problematic or undesirable situation
to a FCFDS and creating the Concept of Operations (CONOPS)°. The skills needed to do this
go beyond the systems thinking shown in Figure 4 because while systems thinking helps to
understand the situation, it is the perceptions from the Generic and Continuum perspectives of
holistic thinking (Kasser, 2013b) that help to identify the problem and the FCFDS. Systems
engineering also performs feasibility studies on potential ways to realize conceptua solutions
to determine feasihility, risks and cost and schedule estimates. Systems engineering then de-
signs the whole solution system, identifying the environment, other interacting systems, the
subsystems, parts, interactions, functional architecture, physical architecture, etc., etc., - but
till al of thewhole.

Project management does not have a project yet because the scope of the solution and its re-
alization are ill being devel oped.

Engineering assists systems engineering by performing engineering work at the system level.

4.2. The Requirements Phase

The activities in this phase depend on whether the project is following the A or B paradigms (K asser,
2012).

4.21. TheA Paradigm

In the A paradigm, this phase is where the conceptual solution produced in the needs phase is con-
verted to a matched set of specifications for the system and subsystems and their infrastructure,
where:

Systems engineering. In the product domain, systems engineering produces the matched set
of specifications for the system and subsystems and their infrastructure. In the process do-
main, systems engineering works with project management to create a unigque process to be

5 The FCFDS describes the sol ution system (Functional perspective), the CONOPS describes the context and environment in
which the FCFDS will operate and how that operation is anticipated to occur (Big picture and Operational perspectives).
Depending on the situation, an FCFDS may be associated with several CONOPS or several FCFDS may be associated with a
CONOPS.
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used in the subsequent phases of the SDP (Biemer and Sage, 2009) page 153) producing the
Systems Engineering Master Plan (SEMP), Test and Evaluation Master Plan (TEMP) and
other pertinent plans as well asthe System Requirements Document/Database (SRD).

Project management generally contributes the knowledge about the schedule and cost to the
unique process created by systems engineering.

Engineering includes the activities pertinent to the subsystems.

4.2.2. TheB Paradigm

In the B paradigm, the SDP commences here, so since there was no needs phase, a conceptua solu-
tion does not exist. Consequently:

Systems engineering €licits and elucidates requirements to create as much of the specifica
tions for the system and subsystems and their infrastructure as they can. Asfor the CONOPS,
Frittman and Edson wrote that “a recent survey showed that 1/3 of all programs queried did
not have a CONOPS (Roberts, 2008) page 39). Smilarly, in a series of interviews and sur-
veys conducted for this research, the majority of respondents indicated that a CONOPS was
“critical” to the system’s success, but was under-utilized. Comparable studies on CONOPS
have pointed out that even when a CONOPS iswritten it is often after the systemis devel oped
and done so in an effort to satisfy a Milestone Decision requirement; this “box-checking’ ac-
tivity strips the CONOPS of its intended role in the creative process (Nelson, 2007) pages 5-
6)” (Frittman and Edson, 2010).

Project management creates the project plan assisted by the product domain knowledge pro-
vided by systems engineering, engineering® and other cognizant personnel.

Engineering includes the activities pertinent to the subsystems.

4.3. The Design Construction and Unit Testing Phases’

These are the phases where the bulk of the technical activities move from systems engineering to en-
gineering following the process created in the requirements phase, namely:

Systems engineering monitors and adjusts the technica system budgets for the performance,
mass, power of the various subsystems, and performs other system level activities including
troubleshooting at the system level, and planning the integration and system tests.

Project management monitors and controls the system development process ensuring that re-
quired resources are available where and when needed.

Engineering creates, verifies and validates the subsystems in accordance with the SEMP,
TEMP and other plans.

4.4. Thelntegration and System Test Phases

These are the phases where systems engineering picks up again as the system is integrated and tested,
namely:

Systems engineering performs systems integration and system tests. These activities include
the conceiving and design of integration and test equipment, simulators and other necessary
support equipment.

Project management continues to monitor and control the system development process ensur-
ing that required resources are available where and when needed.

Engineering performs subsystem or unit level activities. In a complex system, each subsys-
tem may require its own systems engineering in accordance with the dictum ‘one person’s
system is another person’s subsystem’. So the engineering as perceived from this system is
systems engineering when perceived from the perspective of the subsystem.

8 Which could be why project planning is mostly taught in project management classes in education programs conforming to
the B paradigm.

7 The scope of the activities will depend on the nature of the system being developed. If the system is a process, a COTS-
based product or a human system, then the nature and scope of the activities will be different.
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4.5. The Operations and Maintenance Phase

This phase is aso known as the in-service phase and contains more systems engineering activities
than the previous phase. This phase includes the activities involved in operating the system, support to
maintain operations, improvements to the whole to enhance effectiveness, and to accommodate
changesin the nature of the problematic or undesirable situation over time.

Systems engineering comprises the system level activities involved in operating and upgrad-
ing the system.

Project management monitors and controls the activities ensuring that required resources are
available where and when needed.

Engineering comprises the unit level activities involved in operating and upgrading the sys-
tem.

4.6. The Disposal Phase
The disposal phase which contains the set of activities that dispose of the system iswhere:

Systems engineering comprises the system level activities involved in disposing of the sys-
tem.

Project management monitors and controls the activities ensuring that required resources are
available where and when needed.

Engineering comprises the unit level activitiesinvolved in disposing of the system.

5. 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 6. The top part of the figure is Figure 1
providing the context to the SDP. 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 produc-
es a solution system which is designed to remedy the undesirable situation. The activities in the SDP
can be divided into project or engineering management, systems engineering and engineering 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.

Holigtic thinking is the thinking tools that use the domain knowledge to identify and remedy
problemsin 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.

Systems engineering (SETA) is the set of activities defined in Section 2.2 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 6 shows a non-overlapping relationship between systems engineer-
ing, project management and engineering. In Figure 6 engineering activities may ‘provide’ by creat-
ing, by building, by purchasing commercia-off-the-shelf (COTS) products, by changing a process,
by reorganizing a human activity system or by acombination of al or some of the above.
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As discussed in Section 2.3, the role or job of the system engineer, engineer and project manager isto
perform an appropriate mixture of the activities known as systems engineering, engineering and pro-
ject 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 dif-
ferent. Thisiswhy, project management, systems engineering and engineering have been perceived as
being overlapping.

6. Summary
This paper:

Used the SETA paradigm to view the activities performed in systems engineering.

Resolved the overlap between systems engineering and problem solving.

Provided a concept map showing a non-overlapping relationship between the project man-
agement, systems engineering, Engineering and holistic thinking activities in the SETA para-
digm.

Linked risk management activities and domain knowledge into the relationship.

7. Conclusion

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 provides a view of
the relationships between the activities performed to realize a system.
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