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5 ENGINEERING . . ? >
What is Helix? FIELAX

e Challenge: DoD, the Defense Industrial Base, and the broader
community feel challenged to deploy an effective systems engineering
workforce for the ever more technically challenging systems they need
to build in an environment of increasing schedule and cost pressure.

e Knowledge Gap: There has never been a systematic understanding of
what enables systems engineers to be effective; i.e., what enables
them to consistently deliver value to their organizations.

e Helix is a research project that is attempting to close that knowledge
gap by answering three questions:

1. What are the characteristics of systems engineers?
2. How effective are systems engineers and why?

3. What are employers doing to improve the effectiveness of their systems
engineers?
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SYSTEMS ENGINEERING Progress to Date HEL'X

1. Data has been collected through in-depth interviews with nearly 300 systems
engineers and others from 21 organizations in the defense, aerospace,
transportation, IT, and healthcare business sectors

2. Education data has been analyzed from applicants to the INCOSE Systems
Engineering Professional program and experience data has been analyzed
primarily from the applications of certified Expert Systems Engineering
Professionals

3. Atlas 0.50 has been published, articulating a theory of what enables systems
engineers to be effective and why (Atlas 0.25 was published in November 2014
and Atlas 1.0 will be published in December 2016)

4. Several organizations have become early adopters of Atlas to better
understand their systems engineers, how effective they are, and how to grow
their effectiveness
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D. METHODOLOGY REVIEW
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Interview Participants
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289 Interviewed

18%0

16%0

66%0)

Junior® Mid-level@ Seniorl

2504 INCOSE SEP
Applicants

RankIE’ Country® | #DfRApplica nts %DfTotal
1. Uu.S.B 18470 74%0
2. Indial 1790 7%
3. Germany@@ 1513 6%
4. Francel@ 10108 4%
5. U.K.B 49 2%
6. Swedenl 417 <2%
7. Spaink 360 1%k
Otherf 100a 4%
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Systems Engineers OOUTINX

1. Keeping and maintaining the system vision (11% of excerpts) is enabled by:

Getting the “true” requirements from the customer and creating alignment
between the customer and the project team. (39%)

Seeing relationships between the disciplines and helping team members
understand and respect those relationships. (33%)

Balancing technical risks and opportunities with the desired end result. (36%)

Providing the big picture perspective for the system. (44%)

2. Enabling diverse teams to successfully develop systems. (10%)

Effectively understanding and communicating the system vision to the team,
and ensuring that the team is aligned with this vision. (38%)

Helping the team to understand the big picture perspective and where they fit
within the larger picture. (38%)

Identifying areas of concern for integration in advance. (13%)
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Value Commonly Delivered by H
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3. Managing emergence in both the project and the system (7%)

Projecting into the future (14%), which includes staying “above the noise” of
day to day development issues and identifying pitfalls.

Technical problem-solving balanced with the big picture perspective. (43%)

4. Enabling good technical decisions at the system level (7%)

The ability to see the vision for the system and communicate that vision
clearly is a key enabler to helping teams make good technical decisions. (40%)

The big picture perspective is critical for understanding the system holistically
and enabling system-level technical decisions, versus decisions made at the
component or sub-system level. (22%)

A systems engineer’s solid grasp on the customer’s needs is also a critical
enabler to ensuring that decisions made will keep the system on the correct
technical path. (22%)

Being able to bring together a diverse team of engineers and subject matter
experts is also critically important. (26%)

A systems engineer’s problem solving abilities — particularly the ability to
focus on root versus proximal cause — is also a key enabler. (26%).
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Systems Engineers 0003000

5. Supporting the business cases for systems (7%)

— Balancing traditional project management concerns of cost and schedule with
technical requirements. (41%)

— Understanding the position of a system within the organization or customer’s
portfolio and communicating this to the team. (59%)

6. Translation of technical jargon into business or operational terms and vice
versa (11%)

— Translating highly technical information from subject matter experts into
common language that other stakeholders can understand.

— Translating operational concepts, customer needs, and customer desires into
language that makes sense for engineers and program managers who do not
have the same understanding of the systems’ future operating environment.
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Becoming and Remaining An
Effective Systems Engineer
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A career path is the precise
combination of experiences,
mentoring, and education &
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through during his or her career,
particularly their characteristics,
timing, and order

Career®Path?

D

Timel

>



Criteria for Seniority of HFL'X
Systems Engineers G000

Juniorf Mid-level® Senior

1. | Not@nore®hanBHormall | AtHeastFormaldeadershipl] More@hanR@#ormaldeadershipl

leadership@ositionl positions positions
2 Experiencesiprimarilying ExperiencesAn@omponentsl Experiences@n@omponents,[
componentsd andBubsystems,Gind@erhapsi | subsystems,Bystems,zndE]
P ’ in@Bystemsl perhapsnBystemsDBystemsh

3. | ExperiencesntHeastRR | ExperiencesAntdeastBR
aspects®fitheBystems? | aspectsDfitheBystemsh
lifecyclel lifecyclel@

ExperiencesntHeastz
aspectsfheBystemsHifecyclel

« Note that years of experiences is not a direct criteria

« These are guidelines and there are always exceptions
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e Positi d Rol 3
R - ositions and Roles ﬁ%&%

e A position is equivalent to an individual’s title. Organizations will
define what roles and responsibilities each position contains and
this may not translate across organizations.

— An individual can work on more than one project in a position
e Arole is a specific set of related systems engineering activities.

e Only relevant positions were considered — positions that
specifically will help to grow systems engineering proficiencies
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Relevant Roles for
Systems Engineers

HEL X

Role (Abbreviation)

Description

Requirements Owner (RO) *

Individual who is responsible for translating customer requirements to system or sub-system requirements; or for
developing the functional architecture.

System Designer (SD) *

Individual who is responsible for owning or architecting the system; common titles may includes chief systems engineer
or system architect.

Individual who provides modeling or analysis support to system development activities, and helps to ensure that the

System Analyst (SA) system as designed meets he specification.
V&V Engineer (VV) * Individual who plans and conducts verification and validation activities such as testing, demonstration, and simulation.
Logistics/ Individual who performs the ‘back end’ of the SE lifecycle, who may operate the system, provide support during

Operations Engineer (LO) *

operation, provide guidance on maintenance, or help with disposal.

Glue (GL) *

Individual who is responsible for a holistic perspective of the system; this may be the ‘technical conscience’ or ‘seeker of
issues that fall in the cracks’ — particularly, someone who is concerned with interfaces.

Customer Interface (Cl) *

Individual who is responsible for coordinating with the customer, particularly for ensuring that the customer
understands technical detail and that a customer’s desires are, in turn, communicated to the technical team.

Technical Manager (TM) *

Individual who is responsible for controlling cost, schedule, and resources for the technical aspects of a system; often
someone who works in coordination with an overall project or program manager.

Information Manager (IM) *

Individual who is responsible for the flow of information in a system development activity; specific activities may include
configuration management, data management, or metrics.

Process Engineer (PE) *

Individual who is responsible for the systems engineering process as a whole; who also likely has direct ties into the
business.

Coordinator (CO) *

Individual who is responsible for coordination amongst a broad set of individuals or groups who help to resolve systems
related issues.

Systems Engineering Evangelist
(EV) ++

Individual who promotes the value of systems engineering to individuals outside of the SE community - to project
managers, other engineers, or management.

Detailed Designer (DD) **

Individual who provides technical designs that match the system architecture; an individual contributor in any
engineering discipline who provides part of the design for the overall system.

Organizational/

Functional Manager (MG) **

Individual who is responsible for the personnel management of systems engineers or other technical personnel in a
business — not a project or program — setting.

Instructor/

Teacher (IN) ***

Individual who is responsible for providing or overseeing instruction of SE discipline, practices, processes, etc.

Program/Project Manager (PM)

++

Individual who performs program or project management activities; who is not directly responsible for the technical
content of a program, but works closely with technical experts and other systems engineers .
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Forcesm

(generatedy@Personal@ind@rganizationalevelopment@nitiatives)a

Experiencel

Mentoringf

Education®Traininggl

Personal?
Characteristics@

Self-Awarenessh

AmbitionRRAnternall
Motivationfl

Inquisitivenessll

LifelongAlearningl

Confid nce,?
PersistenceRFocusll

Professionalism@L]
Respectl

-~

CreativityR

o

Profic encyl

MathFBciencelH)
General
Engineeringl

Technical
LeadershipEl

Interpersonal
Skills

SEMMindsetl

~

System's@dDomaing
&Mperationall?
Contexth

SEMDisciplinel

/

Organizationalp
Characteristics

Culturel?

Structurel

ValuesH

Appreciation®fBER

Org.Definition®DfBER
&BystemsEngineerl

Rewards@R[
Recognitionsk

Career@lGrowth
Potential®
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‘ Areal CategoryQ
1. Math@Bciencelf 1.1. NaturalBcienceFoundationsl
General® 1.2. Engineering@undamentalsi
Engineering® 1.3. ProbabilityRStatistics?

1.4. Calculus®Bnalytical@lieometry?
1.5. ComputingFundamentalsl
2. Systems’@Momain®RL| 2.1. Relevant@omainsk

Operational? 2.2. Relevant@Technologies&Bystems
Context? 2.3. RelevantDisciplinesd
2.4. Familiarity@vith@ystem’sELONOPSE
3. Systemsh 3.1. Lifecyclel
Engineeringl 3.2. SEManagementl
Disciplinel 3.3. SE@MMethods,®rocesses,REToolsE
3.4. SystemEomplexityl
4. Systemsh 4.1. ‘BigfPicture’EThinkingf
EngineeringQ 4.2. Paradoxical@indset?
Mindset? 4.3. Flexible@omfortonel

4.4. Abstraction?

4.5. Foresight®Nision

5. Interpersonal®kills@| 5.1. Communicationl

5.2. Listening®@Lomprehensionl

5.3. WorkingnETeamp

5.4. Influence,@Persuasion®ANegotiation?

5.5. Building@®ocialiNetwork?

6. Technicall 6.1. Building@@rchestrating@@iversefTeamf
LeadershipP 6.2. Balanced®ecision@Making@RationalRiskETaking?

6.3. Managing@takeholdersEnd@heiriNeedsl

6.4. ConflictResolution®Barrier@Breakingf

6.5. Business®@ProjecttManagement®killsi
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Many Demographic Slices
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Domains in Which Systems
Engineers Have Experience
Divided by Seniority

Helix Interview Data

Two examples of the many
different demographic analyses
performed on the sample

INCOSE
Degree Level Junior Mid-level Senior All SEP Data
Associate’s 0% 0% 0% 0% <1%
Bachelor’s 44% 23% 32% 33% 30%
Master’s 56% 73% 56% 58% 61%
Doctorate 0% 5% 12% 9% 8%

population

Highest Degree Attained Divided by Seniority
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eper Dive for Chief Systems
Engineers and ChiefXs

HELIX

Role Played by Interviewed CSEs Prior to Their First CSE Position

100%(2

90%0

A Chief Systems Engineer (CSE) is one

who has formal responsibility to

80%!2

oversee and shepherd the technical

70%0

correctness and to maintain a

60%0!

consistent vision for a system, often

50%8

40%0

coordinating with many other systems

30%2

engineers who have smaller scopes of

20%

responsibility.

10%0

0%
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Career Path of CSE “Athena”
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Profic ency®Profiles
MathE/BciencefGeneralEngineering
System’sdDomain@®@perationalontext?
SystemsEngineeringMisciplinel
SystemsEngineering@Mindset?l
Interpersonal@kills?
Technical@leadership

o prwNE

System@efinitionkl
Conceptefinition
SystemsEngineering@Vanagementf
System@Realizationl

Requirements@wnerl

X2 |[XEXZ X& X X@ SystemMesignerfl
X@ X@ XB |[XaXa Xz SystemBAnalyst?
Xz X& V&VEngineerl
X& Logistics@i@perationsEngineerd
XE XE XE X@ Xa X& GlueR
X XEl Xa X2 X&) Customerfnterfacel
XEIXE XE XE X3 X@ Xa Xa TechnicalMManager@
X& X& Information@anager
Xz | Xo X& ProcessEngineerl
X XE XE Xa X& X&) Coordinatorf
X& Detailed@esigner?
X X& XE Xa Organizational/@unctional@Vanagerf
Instructor/Teacher®

Program/ProjectdVianagerf

19 28 34 44 5% 54 70 sa| 9@ |10] 11m| 128 13@ 14 Position®

Organizationf

S o

Bachelor’sA@na MBAR Firstd® Firstd@ Second®@
Mechanical SE®  CSEM CSEM®
Engineering® PositionEPositionkl Position
Organizational® Projectl
Management@ Engineerd
Position® Positioi1

| | | | | |
| 1 1 | 1 | 1 )
oz 5E 108 158 208 250 3o Yearsk 17
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e Now Start of Career

Math / Science / General
Engineering

Profile of An Individual

System's Domain &

Technical Leadership Operational Context

Systems Engineering

Interpersonal Skills Discipline

Systems Engineering
Mindset

e N OW Start of Career ~ =*=*** Target Level

Math / Science / General
Engineering

Proficiency Profile with
Target Levels

System's Domain &

Technical Leadership Operational Context

Systems Engineering

Interpersonal Skills Discipline

Systems Engineering
Mindset
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Math/Bciencefl@  |Systeml Systems@l Systems@ InterpersonaliTechnical@
GeneralEngineering? Domainf@ Engineering@|Engineering? (Skills@ Leadership@
Discipline® |Mindset® Scaled
#10 20 3R -10R 20 20
#21 1@ 3E OR 20 el
#3@ 2@
#4m 47
#50 20 3@
#otd =20 20 20 20 5@
w70 g am = e = e Strongest and Weakest
e -1 42 0z 10 Ell Proficiencies of Individuals
#9001 oR 0oR 20
#1006 1@ 20 20 3@ 3R 1@
#11p -2@ 47 oz 2R 2R oz MathBcienced@ Systems@ Systems@ InterpersonallTechnical®
#12P 20 47 GeneralEngineering?@|Domain@ Engineering@®|Engineering? (Skills® LeadershipQ
Discipline® |Mindset®
#130 1@ el 3@ 3@
#140 -10 4R 20
#15E -1 3@ 4R
#16E 20 3@ 20
#17E 1R 3@ 3@
#18P a7 Vi)
#19R 1R 20 3@ 47
#2008 =20 20 20

Change in Proficiency
Levels of Individuals
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1. Develop and publish Atlas 1.0

2. Continue to validate Atlas with early adopters who are seeking
to improve their systems engineering workforce

3. Develop greater automation to understand and apply Atlas

4. Continue to build the Atlas user community and increase
awareness of Atlas
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