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Introduction

= Advancement in Technologies and Innovations
— Need for components of the society to
change, adapt and evolve

= Socio-technical relationships and
Interactions are challenging to
comprehend

" Need for leaders with systems thinking
abilities

Image Credit: Cordless Consultants http://www.cordlessconsultants.com/images/pages/technologychange.jpg
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Challenge and Opportunity
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Challenge and Opportunity

= To understand the challenges and opportunities for a new generation
of SE leaders, we identified a focus group of 39 SE practitioners

— Experience ranged from fewer than three years to more than 20
years as systems engineers

Years of SE Experience Level of Education

28% 31% 28% 26%

M Lessthan 3 years M3 - 5years M Bachelors Degree
W5 -9years 0 10-19years M Masters Degree

W 20 years or more m Ph.D. or other doctorate degree




Challenge and Opportunity
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Years of
experience
in SE
Fewer than
3 years

SE Career Challenges

Other engineering education
streams at universities lack SE
perspective and vice versa

SE major is offered by smaller
number of universities for both
undergraduate and graduate
degree programs

Some industries still exist where
SE is not applied

Not enough formal SE education
or training available

SE Career Opportunities

Ability to take more leadership
roles

Uniquely positioned to mentor
others

Systems engineers can bring a
holistic systems perspective and
act as “facilitators” between
technical and business streams
Due to the unique qualities
systems engineers bring, they are
always in demand




Challenge and Opportunity

Years of SE Career Challenges SE Career Opportunities

experience
in SE

3to9years ¢ Proving the value of SE certification ¢ An increasing demand for

e SE perceived as a project systems engineers to oversee
management practice and perform integration across

 SE not widely recognized as a initiatives
unique engineering discipline * Uniquely positioned to build

e Limitation of continuing education, network and professional
skills, and techniques that mature connections that are helpful for
systems engineers over time a successful career

* Lack of leadership opportunity for e Demand for SE leaders in
technical systems engineers oversight and management of

* Lack of clear and common large systems development
understanding of the SE field effort roles

e Senior leaders and project  Systems engineering helps one
managers are unable to understand to become a critical thinker
and manage technical SE (need for
technical SE leader in a team)
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Challenge and Opportunity

Years of SE Career Challenges SE Career Opportunities
experience
in SE
10 to 19 * \Women engineers are less * Ability to see SE spanning other
years represented in the overall science fields such as security
and engineering fields, including engineering (holistic view)
SE which is less diverse e  Opportunity for growth when
* Lack of awareness and motivation systems engineers lead
to get certified in SE facilitation between engineering
* Most challenges are not technical, and management aspects of a
but are related to people, project
process, and culture » Systems thinking approach helps
e Maintaining consistency in SE projects avoid failure
practice e Systems engineers can be
technical leaders and domain
specialists
 Empowering future systems
engineers through SE education
has huge opportunity
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Challenge and Opportunity

Years of SE Career Challenges SE Career Opportunities

experience
in SE

More than * The field of SE is still evolving *  Opportunity to lead
20 years e Challenge for SE professionalto ¢ Opportunity to work on a great
make customer appreciate SE variety of projects and initiatives
benefits (technical and non-technical)
* Helping clients understand value ¢ Systems engineers work more
of SE and SE certification effectively with others
e Challenges in getting others to *  Opportunity to interface with
use SE standards and processes program managers
* Understanding the value of * Help decision makers identify
continuous training and risks and mitigate risks
certifications
* Difficulty in differentiating SE from
project management




Challenge and Opportunity

= Based on the responses from the participants, the
challenges and opportunities can be clustered into four
major areas

@ SE Academic Environment

SE Certification

SE Technical Leadership

STEM and SE
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SE Academic Environment

Number of Universities Offering Systems

World Region Engineering and Closely Related Programs
North America 160
Europe 51
Asia 49
South and Central America 24
Africa 6
Australia 2

= SE requires both basic levels of knowledge, achieved through education, and
advanced levels of knowledge, obtained through experience (Hutchison et al., 2016).

= Complementing SE programs with internships can provide future SE practitioners the
exposure necessary to apply SE methodologies and the practical experience to
address complex challenges (Tetenbaum, 1989).

= SE programs must be interdisciplinary to support the engineering of today’s complex
systems and must provide both classroom-based education and practical experience
(Kossiakoff & Sweet, 2011).
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SE Certification

INCOSE Systems Engineering Professionals

= Defense Acquisition
UniverSity (DAU) :: As of 31 July 2016:
— Levels |, Il and Il 2000 2569 Total SEPs
= INCOSE "600 ASEPs
1500 271 ESEPs
— ASEP, CSEP and
ESEP

= INCOSE needs to create effective learning paths for SE that are
interdisciplinary in nature and address today’s complex systems

— More research is needed to measure the return on investment on
certifications

Image Credit: INCOSE SEP Statistics http://www.incose.org/docs/default-source/certification/incose-sep-statistics.pptx?sfvrsn=4




12

SE Technical Leadership

= In 2009, the DAU funded SERC ’ Learn.
to provide insights into creating a ‘ Perform.
future generation of leaders in Defense Acquisition University Succeed.

SE. The intent of the technical

leadership program was to

provide leadership insights into

SE activities. SYSTEMS ENGINEERING

= INCOSE formed a Technical Geseareh benter
Leadership Institute based on
the SERC case-based learning
model for technical leaders.

Image Credit: DAU www.dau.mil

SERC http://www.sercuarc.org
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SE Technical Leadership

Technical Leadership Skills

Competence

= Technical leadership is a combination of skills and
behaviors that guides a diverse team of experts toward a
specific technical goal (Hutchison et al., 2016).

— Requires ability to hold a vision and to develop
enterprise technology strategies in support of the
organizational and business visions and objectives
(Gavito et al., 2012, Godfrey, 2016).
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SE Technical Leadership

= Growing dependency on technology and science

— Leaders require strong insight into engineering to tackle
problems from all areas of people, process, technology,
and governance.

" Increasingly, technology is playing a greater role Iin
process automation by reducing or replacing the need for
humans in certain activities.

— Manufacturing quality assurance

= A technical leader will rely on the skills and expertise of
team members

— Non-verbal communication, emotional intelligence and
story telling
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SE and STEM

STEM Pipeline — Leaking Badly

4,012,770

Image Source: Digest of Education Statistics, 2008

= Advancing the field of STEM is critical to the future of the SE
profession

— Foundational to the complex challenges of today’s changing
world

= INCOSE is uniquely positioned and outfitted with industry
experts across the STEM spectrum to support these leaders
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SE and STEM

= Help foster the youth’s passion for STEM and thirst for
knowledge

" Encourage governmental and industrial support for
research and educational programs to improve SE
process and practice

= STEM abandonment is more common among students
with weaker math and science backgrounds

= With a projected growth of over 9 million STEM jobs over
the next six years, the need for qualified candidates
Increases dalily
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Overcoming Challenges for the New
Generation of Leaders

Strategies for
Innovation,
growth, adoption,
or change

Human capital
professional
development

Technical
leadership skills

Increase number
of women
professionals in
STEM

A more
cooperative
ethos




Next Steps

= Expand SE challenges and opportunities focus group to
consider SE practitioners and leaders from a diverse range of
generations, industries, educational backgrounds, and
geographical regions
— Additional research and empirical data on SE practices,
practitioners, and leaders

® [ndustry and professional organizations working in SE and SE
leaders have greater responsibilities

— Amplify the opportunities and bring awareness to the
challenges

= The goal of SE is to make the world a better place

— Understand what systems engineers can do to make positive
Impacts every day is crucial to achieving the goal
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