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Objective: Create the feedback loops by
which educators, students and employers
can communicate their specific
educational capabilities, desires and
needs, to provide the dynamic feedback
necessary to accelerate the evolution of
educational programs.

Systems Engineering
Education Ecosystem

Hypothesis: A non-profit website can be
developed that presents specific graduate
engineering program information which,
accompanied with analytic tools, can assist
students, educators, and employers to efficiently
and effectively make education, program and
employment decisions.
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Systems Engineering Education Ecosystem (SEEE)
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Diversifying and expediting feedback exchange
between students, universities, and employers to
accelerate the evolution of educational programs.
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* Preserve the uniqueness of SE programs
that speak to particular varieties of
students and professions

* Promote commonality among programs
where it is beneficial

* Provide support for program evolution to
adapt to changing needs, and thereby

* Enhance the value of all of our programs.

INCOSE IS 2022
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Focus is on systems graduate education
Structure should reflect academic classifications
Need to capture competencies across multiple disciplines:

* Systems Engineering

* Industrial Engineering

* Operations Research

* Data analytics

* Engineering Management
Should provide balanced view of competencies
Taxonomy should aid in easy navigation
Language should be jargon free and clear to
students/practitioners, employers and academics
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enginsering.

Critical Thinking

=z
p
(@
S
()
&
()
p
L.
>
J
c
Q
d
()
Q.
&
O
@
Ll
(V)
e
@
=

INTEGRATING
COMPETENCIES

Core compelencies undemin engineering as wel as sysiems

The application of the: fundamental
concepts of sysiems thinking to
EyBIEMa anginaening;

Selaction of the appropriabe lilecycles
in the realization of & system;

An apprecation of the role the sysiem
of interest plays in the syatem of which

it is o part;

Foundational concspts in
mathematics, science and enginesring
and thesr application

The cbjectve analysis and cwaluation
of o topic m onder o form a judgement;

Prowigion of figonous daka and
infornation inciuding e use of
modeling 1o sLppon technical
understanding and decision malking.

This compeiency Qroug recognizes
Sysbems Enginesrnng as an integrating
distipline, joining attivities and
thinkang from specialists in obher
disciplines to creabe a coherent whole:

PROFESSIONAL COMPETENCIES

Bahavioral compatencas wel-eslablehed within Te Human
Resources (HR) domain. To faclitate alignment with existing HR
framewaorks, where practicable, competency definitions have been
taken from well-astablished, internationaly-recognized definitians
rather than parsal or complete re-invenbon by INCOSE

- " The dynamic process of transmitting or
e exchanging informason;

Thi pensonal, organizational, and corporabs

standards of behiavior sxpected of sysiems

ENginsers;

The application of technical knowiedge
and Expenencs in systems enginesnng
wgetner with appropnaie protesgonal
COmpEtanGC s

Dighogue batweaan two oF mone parties
imended to reach a beneficial cutcome
where difsrence axist betwesn (ham,

The unconscious, psychological forces thak
imfluence the direction of a team's behavior
and performance;

Team Oynamics

Thie act of helping othars to deal with a
procass, solve a probilam, of reach a goal
without getting directly gefting inwolved,

The abiity io monkor one's cwn and offers'
feelings and use this information fo guide
thinking and achan;

Development approdchas based on the s
af ansdt.ong convensalions o anhan s

an ndividuals shills, knowledge of work
performances.

Caaching and
Mentorieeg

Identification, planning and coordinating
actnatizs bo deliver a satisfactory system,
product, service of appropriahe quality;

Estimatling and lracking costs asssciated with
e project,

Realize
MAMAGEMENT COMPETENCIES

The ability ta perform tasks associated with controlling and
maraging Systems Enginsering activities. This inchudes tasks
associated with the Management Processes idenlified in the
INCOSE SE Handbook.

Producing, coondinating and maintpning
effective and workable plang acroas
muliple disciplines.

Agssssmant of an ongoing project to
sae il he curmenl plans afe aligned and

Flanning

and evplugbng 8 set of altematives,

4 wark methodalogy based on the
paralelization of tasks,

Oibtaining or providing & product
of Barvics in Accordancs with

reguirements;

with appropriate Wvels of imelineas,
accuracy and securty;

Enguring the overall coharence of
system funclional. peformance and
phiysical characteristics roughout its
Iifecycle;

The identification and reduction in

the probability of uncerian events, or
maximizing the pobeniial of opporunites
proviided by tham,

The support and swstainment of a
product once it is ransitionsd o the
end user;

hehisving clstomer salsfacian
through the control af key produet
characlenstics.
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Competency Areas

Lead — Personal and interpersonal competencies
related to emotional 1Q, ethics and
professionalism, critical thinking, teamship and
communication skills. These capabilities serve to
amplify the impact of the other competencies.
This is traditionally the domain of the Arts and
Humanities.

Understand — Analytical competencies relating to
understanding, creating and using systems
models, including systems thinking, modeling and
simulation, experimentation, and analysis and
decision making. These competencies provide
support for decision making. This is traditionally
the domain of the Sciences.

27 June 2022

Design — Synthesis competencies that enable system
design through the lifecycle of conceptualization,
architecture, implementation and sustainment. These
competencies support the creative design process
including design thinking, engineering design, and
systems engineering. This is traditionally the domain of
Engineering.

Realize — Management and control competencies that
support the actual realization of systems including
business  fundamentals, lifecycle = management,
monitoring and control, and operations. These
competencies enable the realization and execution of
the engineering of systems. This is traditionally the
domain of Business and Management

INCOSE IS 2022 8



-

N7 4

Systems Engineering
Education Ecosystem

=\
OSE

Conceive /?/
/ /
[ /

[/ /

Architect / / / f T~

.y

Design [

Implement

SE Competency Framework

Lead

Team Vision

Experiment

Understand

Communicate

Business

Lifecycle

Manage

Operations

INCOSE IS 2022

UCSan Diego

JACOBS SCHOOL OF ENGINEERING

Focus on the discipline of Systems Engineering
(SE) which in its nascence is extremely broad,
ill-defined, and rapidly changing.

e Superset of INCOSE framework
* Consists of 37 base competencies
* Five proficiency levels:
* Awareness
e Supervised Practitioner
* Practitioner
* Lead Practitioner
* Expert
* Reviewed with employers, academia, and
practitioners
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SE Competency Survey

e Survey created to record the needs of Jacobs School of Engineering’s Corporate Affiliate Program (CAP)
corporate partners for systems competencies both for engineering new college graduates and early to mid-
career engineers who are working in their organizations.

* For each of these two categories of employees, we requested the CAP sponsors to note their desired and
estimated actual professional competency proficiency levels for new college graduates (NCGs) and early to
mid-career engineers (MCEs) using a five-point Likert scale for each of the systems competencies.

* An online survey was created that includes 37 competencies, each with five proficiency levels. The
respondents were given the INCOSE SE competency framework documentation which contains the definitions
of the proficiencies for each competency. Only integer values were entered by the respondents. All of the data
is based solely on the perceptions of the respondents.

* There were 17 complete survey responses from 11 different CAP sponsors. These sponsors represent the
Aerospace and Defense, Computer Software, Energy Solutions, Information Technology Services, National
Research Laboratory, Network and other Communications Equipment, and Scientific Equipment industries. It
should be noted that these survey results are not intended to represent industry wide needs, but rather are
only intended to pertain to the specific needs of the major sponsors of this educational program.
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Proficiency Expectations

Proficiency Expectations and Gaps for SE Competencies vs. General Engineering.
NCG MCE

Desired | Actual | Gap | Desired | Actual | Gap
SE Competency Average 1.69 1.04 | 0.63 3.41 2.62 | 0.80
Lead 2.01 1.40 | 0.62 | 3.49 2.69 |0.82
Understand 2.01 1.16 | 0.82| 3.62 2.61 | 0.98
Design 1.44 092 1049 | 342 2.76 | 0.66
Realize 1.29 0.69 |057| 3.13 244 10.72
General Engineering 2.28 1.82 | 0.41 3.76 3.19 | 0.56

27 June 2022 INCOSE IS 2022 11
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LEAD

Lead Competency Results

SubArea

Lead Competency Results

INCOSE Competencies

NCG (Mean)

D

A

G

MCE (Mean)
A

D

G

Self/Ethics L1.1 |Emotional Intelligence
Self/Ethics L1.2 |Ethics & Professionalism 2.78 | 1.82
Vision/Strategy |L2.1 |Technical Leadership 1.72 ( 1.18 | 0.53
Vision/Strategy |L2.2 |Critical Thinking 2.50 | 1.82 | 0.65
Team L3.1 |Team Dynamics 2.33|1.8210.47
Team L3.2 |Facilitation 1.67|1.18 [ 0.47
Communication [L4.1 |[Communications 239|141 -
Communication [L4.2 |[Negotiation 1.44 1 0.94 | 0.53
Communication |L4.3 |Coaching and Mentoring 1.17 { 0.88 [ 0.29
Mean| | 2.01 | 1.40 | 0.62 3.49 | 2.69 [0.82
Std Dev| [ 0.54 | 0.38 |0.24| | 0.27 | 0.31 [ 0.11

INCOSE IS 2022
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Understand Competency Results

ID

Understand Competency Results

INCOSE Competencies

MCE (Mean)

D

A

UNDERSTAND

G

Abstraction U1.1 |Systems Thinking 2.28 |1 1.00
Experimentation|U2.1 |Design of Experiments* 2.06 | 1.29 | 0.76
Modeling U3.1 |Systems Modeling & Analysis| | 1.89 | 1.24 | 0.65
Analysis & Decisi{U4.1 |Decision Management 1.83(1.12 | 0.65
General EngineerfN/A |General Engineering 2.28 |1 1.82 |0.41 3.76 | 3.19 | 0.56
Mean| | 2.01 | 1.16 | 0.82 3.62 | 2.61 [0.98
Std Dev| [ 0.20| 0.13 |0.28| | 0.11 | 0.14 | 0.16

27 June 2022
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Design Competency Results

Design Competency Results

NCG (Mean) MCE (Mean)

SubArea ID INCOSE Competencies D A G D A G
Conceive D1.1 |Capability Engineering 1.25 | 0.80 | 0.40
Conceive D1.2 |Requirements Definition 1.75]1.13 | 0.60
Architect & DesigD2.1 [System Architecting 1.38 | 0.87 | 0.47
Architect & DesigD2.2 |Design for... 1.38 | 0.73 | 0.60 3.19 | 2.53 | 0.67
Architect & DesigD2.3 |Interfaces 1.63 | 1.20 | 0.40 3.50 | 2.87 | 0.67

Implement D3.1 |Integration 1.50 | 1.07 | 0.40 3.50 | 3.00 | 0.53
Implement D3.2 |Verification 1.56 | 1.00 | 0.53 3.56 | 3.00 | 0.53
Implement D3.3 |Validation 1.50|093|0.53| | 3.50 | 2.80 | 0.67
Operate D4.1 |Transition 1.2510.79 |10.43 3.19 | 2.71 | 0.50
Operate D4.2 |Operation and Support 1.2510.71 | 0.50 3.19 | 2.64 | 0.57

Mean| | 1.44 | 0.92 | 0.49 3.42 | 2.76 | 0.66
Std Dev| | 0.17 | 0.17 [0.08 | | 0.22 | 0.29 | 0.16

27 June 2022 INCOSE IS 2022 14
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Realize Competency Results

SubArea

ID

Realize Competency Results

INCOSE Competencies

MCE (Mean)

D

A

G

Business FundamR1.1 |Business and Enterprise Int. 1.06 | 0.43 {0.64
Business FundamR1.2 |Finance 1.00 | 0.50 | 0.50
Lifecycle ManaggR2.1 |Lifecycles 1.25( 0.71 | 0.57
Lifecycle ManaggR2.2 |Project Management 1.25]10.57 {0.64 2.88 | 2.40 [ 0.40
Lifecycle ManaggR2.3 |Planning 1.630.93 {0.71 338 | 2.71 [0.71
Lifecycle ManaggM2.4 |Concurrent Engineering 1.50 ( 0.64 - 3.31| 2.71 | 0.64
Monitoring & Co|R3.1 |Risk and Opportunity Mgmt 1.44 | 0.86 [0.57 3.38 | 2.57
Monitoring & Co|R3.2 |Monitoring and Control 1.44 | 0.79 | 0.64 3.25| 243
Monitoring & Co|R3.3 |Quality 156 | 1.00 |0.50| | 3.44 | 2.57
Operations R4.1 |Acquisition and Supply 0.88 | 0.50 | 0.29 2.88 | 2.27 | 0.67
Operations R4.2 |Information Management 1.40( 0.77 | 0.62 3.25 | 2.71 | 0.64
Operations R4.3 |Configuration Management 1.31(0.71 | 0.57 3.50 | 2.79
Operations R4.4 |Logistics 1.00| 0.50 | 0.43 2.69 | 2.14 | 0.57
Mean| | 1.29 | 0.69 | 0.57 3.13 | 2.44 |0.72
Std Dev| | 0.24 | 0.18 [ 0.13 0.29 | 0.29 |0.14

INCOSE IS 2022
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Competencies with Highest Expectations

Competency with Highest Proficiency Levels for NCGs

Competency Proficiency Gap
Level

Ethics & Professionalism 2.78 1.00

Critical Thinking 2.50 0.65

Communication 2.39 1.00

Team Dynamics 2.33 0.47

General Engineering 2.28 0.41

Competencies with Highest Proficiency Levels for MCEs
Competency Proficiency Gap
Level

Ethics & Professionalism 3.94 0.82
Requirements Definition 3.88 0.60
General Engineering 3.76 0.56

27 June 2022 INCOSE IS 2022 16
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Competencies with Greatest Gaps

Competencies with Largest Proficiency Gaps for NCGs

Competency Proficiency | Gap
Level

Systems Thinking 2.28 1.24

Ethics & Professionalism 2.78 1.00

Communication 7239 1.00 Competencies with Largest Proficiency Gaps for MCEs

Concurrent Engineering 1.50 0.79 Competency Proficiency | Gap

Design of Experiments 2.06 0.76 Level

General Engineering 2.28 0.41 Systems Modeling & 3.65 1.19
Analysis
Systems Thinking 3.76 1.00
System Architecting 3.44 1.00
Communication 3.65 0.94
Decision Management 3.53 0.94
Facilitation 3.35 0.94
General Engineering 3.76 0.56

27 June 2022 INCOSE IS 2022 17
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Competencies with Greatest Gap Change

Competencies with Gap Reduction from NCG to MCE

Competency NCG Gap | MCE Gap Change

Systems Thinking 1.24 1.00 (0.24)

Project Management 0.64 0.40 (0.24)

Ethics & Professionalism 1.00 0.82 (0.18)

Concurrent Engineering 0.79 0.64 (0.15)

Critical Thinking 0.65 0.56 (0.09)

Communication 1.00 0.94 (0.06)

Competencies with Great Gap increases from NCG to MCE

Competency NCG Gap | MCE Gap Change
Systems Modeling & Analysis 0.65 1.19 0.54
System Architecting 0.47 1.00 0.53
Coaching and Mentoring 0.29 0.81 0.52
Capability Engineering 0.40 0.87 0.47
Facilitation 0.47 0.94 0.47
General Engineering 0.41 0.56 0.15

27 June 2022 INCOSE IS 2022 18
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INCOSE

AESE Program

* The UCSD’s AESE program was developed to educate senior engineers and
engineering managers in the problems and emerging solution approaches that
can enable their enterprises to better respond to the challenges of globally
distributed operations in complex, highly dynamic, event-driven environments.

* This program uses an “integrated perspective” that merges the views of
management and engineering communities which is increasingly being

recognized as one of the cornerstones of a successful approach to enterprise
complexity.

 The program was piloted in 2006, deployed in 2010 and has had over 375
graduates at the date of this publication.
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AESE Course Structure

Topics Architecture of Enterprise Systems Order
Self, Team, Vision, . . -
. _I I MGT 406: Leadership Skills, Values, and Team-building 2
Communication
Abstract, Model, Experiment, AESE 278C: Modeling, Simulation and Analysis 6
Analyze AESE 241: Decision and Risk Analysis 8
Business Fundamentals, MGT 291: Essentials for Business Practice 1
Realize Lifecycle Management,
Monitoring & Control AESE 261: Managing Stakeholder Relationships 9
Conceive AESE 278A: Complexity and Large-scale Systems 3
Design Architect AESE 278B: Enterprise Architecting 4
i
Specialize Implement AESE 278D: Engineering Essentials for Distributed Systems 5
Evolve AESE 278E: Patterns for Enterprise Architecting 7
Integrate Use and Expand State of the Art AESE 279: Capstone Team Projects all

27 June 2022 INCOSE IS 2022 20
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Profile Visualization

Envision Team _
Communicate

Respect

Innovate

Implement Manage

Architect Control

Analyze Abstract

Experiment moce:
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SE Competency Classroom Time

Systems Engineering competency area Classroom time percentage

L1 Self/Ethics

23.20%

D1 Conceive

UCSan Diego

JACOBS SCHOOL OF ENGINEERING

L2 Vision/Strategy

6.8%

D2 Architect & Design

15.2%

L3 Team

2.4%

D3 Implement

0.6%

L4 Communication

U1 Systems Thinking

D4 Operate

R1. Business Fundamentals

UNDERSTAND

U2 Experimentation 0.0%
U3 Modeling & Simulation 15.2%
U4 Analysis & Decision Making 6.5%

R2. Lifecycle Management

3.6%

REALIZE

R3. Monitoring & Control

0.6%

R4. Operations

1.2%

INCOSE IS 2022
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Major Areas of Focus

neering
duc Ecosystem

* Architecture and Design - 15.2%

* Modeling and Simulation- 15.2%

* Communication -10.1%

* Design Conception-7.1%

* Business Fundamentals - 7.1%

* Vision and Strategy — 6.8%

* Analysis and Design Making — 6.5%
e Systems Thinking —4.8%
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Lead Competency Classroom Time

Lead Classroom time percentage

UCSan Diego
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SubArea Total Competencies

L1.1 Emotional Intelligence 2.1%

L1 Self/Ethi .99
Sl 3.9% L1.2 Ethics & Professionalism 1.8%
L2.1 Technical Leadership 4.2%

L2 Visi .89
Vision/Strategy | 6.8% | > 5 itical Thinking 2.7%
L3.1 Team Dynamics 1.8%

0,
L3 Team 2 5 el o 0.6%
L4.1 Communications 5.1%
L4 Communication [10.1%|L4.2 Negotiation 2.1%
L4.3 Coaching and Mentoring 3.0%

27 June 2022
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Design Competency Classroom Time

Design Classroom time percentage

Total Competencies

. D1.1 Capability Engineering 6.5%

D1 Conceive 7.1% D1.2 Requirements Definition 0.6%
D2.1 System Architecting 14.6%

D2 Architect & Design |15.2%(D2.2 Design for... 0.3%
D2.3 Interfaces 0.3%

D3.1 Integration 0.6%

D3 Implement 0.6% [D3.2 Verification 0.0%
D3.3 Validation 0.0%

D4.1 Transition 0.0%

D4 Operate 0.6% [D4.2 Utilization & Support 0.6%
D4.3 Retirement 0.0%

27 June 2022 INCOSE IS 2022 25
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Understand Competency Classroom Time

Understand Classroom time percentage

SubArea Competencies

U1.1 Conceptual models & abstractions 2.1%
U1.2 Complex Adaptive Systems 1.2%
U1 Systems Thinking | 4.8% |U1.3 System Identification & Relationships 1.3%
U1.4 System Dynamics 0.1%
U1.5 Other 0.0%
U2.1 Designing Experiments 0.0%
% U2.2 Single Factor Experiments 0.0%
I<_t U2 Experimentation | 0.0% |U2.3 Factorial Designs 0.0%
cé) U2.4 Fractional Factorial Designs 0.0%
L U2.5 Other Experimentation 0.0%
% U3.1 System Computational Modeling Principles 10.7%
> . U3.2 Continuous & Discrete Simulations 0.6%

U3 Modeling & = : — : :
Simulation 15.2%|U3.3 Decision making: central & distributed, fixed vs. runtime 2.7%
U3.4 Evaluation of Capability, Effectiveness & Efficiency 1.2%
U3.5 Other 0.0%
U4 Analysis & U4.1 Decision-Making Principles 3.0%
Decision Making 6.5% U4.2 Data Analytics & Visualization 1.5%
(Decision U4.3 H/M Interaction, Al & ML techniques 0.9%
Management) U4.4 Uncertainty & Risk Assessment 1.2%

27 June 2022 INCOSE IS 2022 26
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Systems Engineering
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Realize Competency Classroom Time

Realize Classroom time percentage

SubArea Competencies
R1. Business 219 [R1.1 Business and Enterprise Integration 4.8%
Fundamentals " |R1.2 Finance 2.4%
R2.1 Lifecycles 1.8%
R2. Lifecycle 3.6% R2.2 Project Management 0.0%
L Management "”® IR2.3 Planning 1.8%
E R2.4 Concurrent Engineering 0.0%
R3.1 Riskand O tunity M t 0.09
g R3. Monitoring & : is ?n : pportunity Managemen f)
Control 0.6% [R3.2 Monitoring and Control 0.6%
R3.3 Quality 0.0%
R4.1 Acquisition and Supply 0.6%
RA. Overations 1.2% R4.2 Information Management 0.0%
Sel "’ |R4.3 Configuration Management 0.0%
R4.4 Logistics 0.6%

27 June 2022 INCOSE IS 2022 27
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Proficiency Gaps vs AESE Classroom Time

Competencies with Largest Proficiency Gaps for MCEs vs AESE % Program time

Competency Proficiency | Gap AESE
Level Program
Systems Modeling & Analysis 3.65 1.19 15.2%
Systems Thinking 3.76 1.00 4.8%
System Architecting 3.44 1.00 14.6%
Communication 3.65 0.94 5.1%
Decision Management 3.53 0.94 6.5%
Facilitation 3.35 0.94 0.6%
Technical Leadership 3.59 0.88 4.2%
Capability Engineering 3.25 0.87 6.5%
Business and Enterprise Integration 2.94 0.86 4.8%
Risk and Opportunity Management 3.38 0.86 0.0%
Monitoring and Control 3.25 0.86 0.6%
Quality 3.44 0.86 0.0%
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Results

Education Ecosystem

The following are some of the significant results from this limited survey.

e Systems Modeling & Analysis, Systems Thinking, System Architecting, Ethics and
Professionalism, and Communication are significant gap areas for both NCGs and
MCEs.

e The proficiency level expectations for Ethics & Professional Skills, Communication, and
Team Dynamics skills ranked higher than General Engineering and technical skills for
NCGs.

e The gap between actual and desired competencies are greater for the systems
engineering competencies than for general engineering skills.

e Most of the competency gaps increased over time, some substantially. Only six of the
37 competencies had proficiency gaps that narrowed over time from NCG to MCE.
While one might expect that the gap in certain proficiencies, such as Communication
might substantially narrow over time, the data did not bear this out.
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Systems Engineering
Education Ecosystem

e The SEEE competency framework was a useful tool in the analysis of an existing
systems engineering program. The results highlighted the focus of the SE program and
how it compared with the surveyed needs of the program sponsors.

* The process of performing this analysis served as an aid in understanding the program
of interest both for updates and for the creation of new programs.

* The analysis work uncovered some areas in which the competency framework might
evolve.

* Business Insight and Strategic Thinking were competencies that were identified
that did not have a clear home in the current competency framework.

e Technical Leadership was the placeholder that was used for this.

* Cybersecurity was another competency topic that did not have a clear home.
While this could fall into the Architecture competency, some aspects of this might
fall into General Engineering as well.

* Design Process does not have a clear home in this competency framework. The
Conceive competency became the placeholder for these skills.
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Future Use

Education Ecosystem

The approach used in this project will be used in the future in three areas.

* The first will be in the development of new systems engineering program
specializations and the update of the current program. These specializations
will target a different student demographic and system type than the existing
AESE program. This work will enable the new specializations to more closely
meet the needs of the students and those who will eventually employ them.

e The second area will be in furthering the development of the Systems
Engineering Education Ecosystem portal and its governance to ensure that it
meets the evolving needs of its stakeholders.

* Finally, as the installed base of employer and academic programs grows, this
feedback will facilitate the evolution of the SE competency framework and the
focus areas for the future of systems engineering.
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@ Get Involved!

Systems Engineering
Education Ecosystem

If you interested in getting involved in the
SEEE project contact:

Jon Wade — jpwade@ucsd.edu

Cihan Dagli - dagli@mst.edu

Hortense Gerardo — hgerardo@ucsd.edu
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