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GE Healthcare

Diagnostic iImaging

e CT, PET/CT
* MR

p
Broad Based Diagnostics
Medical Diagnostics

e Contrast agents
» Molecular diagnostics

Clinical Systems
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e Ultrasound
e Critical care systems

J
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¢ Electronic medical records
L Revenue cycle

Information Technology & Services

e Performance solutions
¢ Multi-vendor services

Life Sciences

¢ Discovery systems
¢ Protein separations
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Professional Development o
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Problem Statement — GE Healthcare .~

Edinburgh, UK
July 18 - 21, 2016

« ~20 businesses
* Many countries

« Systems Engineering teams ranging in size from >100
to <10 engineers

* No consistent way to assess and develop engineers

www.incose.org/symp2016



SE Handbook — Professional Development fzﬁ\

Figure 2.9 ! \' n ..
[ SE Effectiveness ]{ _________ { B ] 26 mcoss
Assessment Au Edinburgh, UK

Is my SE function producing
effective ‘artifacts’?

No

[ COTTI\‘/IF;e;;”CV ]<i>[ SE Skills Assessment }

Do my systems engineers have
the right skills?

SE Competency SE planning guideline ]

Do | have the right amount of SE?

www.incose.org/symp2016



Professional Development Response

» SE Effectiveness Assessment 26  'NCOsE
— Short assessment of SE program implementation — based on SEI survey SR o

« SE Skills Assessment:
— Competency model: four levels; 9 technical excellence, 6 leadership skills.

SE Competency Development
— A set of development strategies were defined for each competency area
— Mix of self-study, classroom, on-the-job, experiential, and intact team training.

SE Estimation Guideline
— Simple guides to estimating based on the work of Eric Honour (2013).

g

Execution Monitoring
— Reusing the criteria for SE effectiveness...with a bias toward actions

www.incose.org/symp2016



SE Effectiveness Assessment ff\
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Elm and Goldenson showed a simple 26 mcose
assessment with four levels can Edinburgh, UK
d Iﬁ:e rentiate performance Performance vs. SE Capability - All Projects

We combined their 83 systems capability P A

Total SE ]
questions into 30 questions ek e 3
Verification )
We included more extensive questions on P s =
topics related to “Design for ...” Moritor & ontro ',
alidation ——————
* Usability ”E‘:E%Q":‘f:éii‘i"t —— |
»  Reliability ot | e
rior £xperience J
+ Six Slgma The Business Case for Systems Engineering Study: Results of the
e  Manufactu rabi”ty Systems Engineering Effectiveness Survey EIm and Goldenson, 2012

» Serviceability

www.incose.org/symp2016



SE Skills Assessment sy
Competency Model oo itos:

Edinburgh, UK
July 18 - 21, 2016

« Different locations were assessing their engineers on a
local’ scale (“the tallest skyscraper in Kansas”)

— Needed a consistent assessment scale (functional or competency
maturity model)

— Based on objective, observable behaviors
* Needed something simple (~10 criteria)
* Needed to balance technical and leadership skills
« Had to be consistent with existing leadership models (I.B.)

www.incose.org/symp2016



SE Skills Assessment s
Competency Model 2G critor:

Edinburgh, UK

July 18 - 21, 21

« GE Corporate Systems Council agreed to a technical
competency model based on the NASA model

— It was simple
— The two level hierarchy made it scalable

— NASA was close to GE Oil and Gas headquarters, and they could ‘outsource’ their
SE handbook development

— It mapped well to EIm and Goldenson (“don’t optimize the subsystems”)

« GE Healthcare then further simplified the technical model
and integrated our leadership model

www.incose.org/symp2016



SE Skills Assessment
Competency Model

Technical Excellence Competencies

SE 1.0 System Design

SE 1.1 Scope and Requirements Management

SE 1.2 Architecture and Design Optimization

SE 2.0 Product Realization

SE 2.1 Application, Product, and Technology Knowledge

SE 2.2 Product Integration, Verification, and Validation

SE 2.3 Product Lifecycle/ DFx Management

SE 3.0 Technical Management

SE 3.1 Systems Engineering Management

SE 3.1.1 Technical Design Reviews

SE 3.2 Technical Risk Management (and Safety)

SE 4.0 Critical Thinking

www.incose.org/symp2016

SE 5.0 Technical Leadership Competencies

SE5.1 Communication and Conflict Resolution

SE 5.2 Takes Risks Courageously

SE 5.3 Adapts and Leads Change

SE 6.0 Business Acumen

SE6.1 Customer, Clinical and External Acumen

SE 7.1 Execution and Accountability

SE 7.0 Personal Attributes

SE 7.2 Teamwork and Collaboration

26 snnucl INCOSE
Edinburgh, UK
July 18 - 21, 2016

Balancing simplicity with effectiveness
v' 4 Technical, 3 Leadership Competency Areas

v' 15 Competency sub-areas
v' 51 Behavioral anchors



4.1 Frames Problems and Decision Making — Accurately frames complex and ambiguous problems, including key
issues and critical stakeholder input. Uses creative approaches to synthesize separate pieces of data from multiple sources, to July 18 -

Behavioral Anchors

SE 4.0 Critical Thinking: Competencies and Behaviors

make sound and rational decisions in complex situations.

26

Edinburgh, UK

21,2016

Aware

Skilled

Expert

Strategist

Frames
Problem

Trade Offs

Decisions

« ldentifies and relates key issues

to customer, market and
business value.

Recognizes that a problem
exists tradeoffs between similar
design criteria.

Identifies correct data needed to
make a decisions.

www.incose.org/symp2016

« Identifies key issues, utilizing a

systematic and methodical

approach to prioritize problems.

Avoids jumping into problem
solving before actually framing
the problem and brainstorming
scenarios and solutions.

Collaborates to logically examine
facts and situations to arrive at a
decision.

Accurately frames a complex
problem, using foresight to sort

out essential from detail.

Balances traditional project
management concerns of cost
and schedules, with technical
requirements, sound evidence
and sources.

Accepts decision making
responsibility, balancing analysis
and intuition, while considering
program implications.

Accurately and confidently
frames a complex system
problem, appropriately
engaging and challenging
experts and advocates.

Utilizes innovative approaches
and relevant evidence to
remove bias and identify
predispositions.

Comfortable with uncertainty;
experiments with innovative
solutions, using logic , intuition
and past experience to make
system life-cycle decisions.




Helix Model of Competencies

Forces that Impact Level of Proficiency
T (may be g d by P I and O ional D )
/ Experience I Mentoring I Education & Training
| A 2
Proficiency of a Systems Engineer

|;

Math/Science/

System's Domain &

w7 Operational Context

Systems

o~ Engineering

Discipline

Buillding & @ Diverse T
o General Engineering
ing Balanced Decision Making & Risk Taking

- 2= and their Needs Techni )

. - Conflict Resolution & Barrier Breaking Leadership
Lifelong Learning Business & Project Management Skils
Self-Awarenes:
Ambition & Interpersonal Skills
Internal Motivation
:ﬂ‘ﬁ_“""" o System's
F“I:“ ad Engineering

Mindset

=0-An Example Systems Engineer's Proficiency

M/suenoe/aenenl
Engineering

Probability & Statistics

F/\
s
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How to assess some

_ of the softer skills on

www.incose.org/symp2016

Calaslus & Analytical Geometry
Natural Sclence Foundations
Culture
e Structure
Values
Systems’ Domain & Operational Appreciation of SE
Context Org. Definition of SE &
Relevant Domains Systems Engineer
Relevant Technologies & Systems &
Relevant Disciplines it
Famillarity with System’s Concept of Career Growth
Operations (ConOps) ;

/

the left?

o “Paradoxical mindset”
o “Flexible comfort zone”
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Harrison Assessment —
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26 c IN/EOSE
- We used the managers assessment of the employee’s: ="

technical skills (mixed with senior technical people’s
inputs)

« For leadership skills we complemented that with a
‘work preference tool’ (Harrison Assessment)
— Measures 175 independent critical traits

— Summarizes 12 “Paradoxes”...well mapped to the Helix study
critical skills

www.incose.org/symp2016



Example “Paradox” - Communication

i 10T BLUNT FORTHRIGHT 26 INCOSE

DIPLOMACY
Edinburgh, UK
H AGGRESSIVE BALANCED i @ July 18 - 21, 2016
IMBALANCE VERSATILITY ;
=4
=l >
|| =
= &
g L] L " _?_ e
OH | AT &
BALANCED PASSIVE {
| DEFICIENCY IMBALANCE ] g @
) |
M AVOID! f
0 ol COMMUNICATION EVASIVE
1 1 L 1 1 1 L 1 1 ] 1 1 1 1 1 1 1
0 GENTLE TRAIT 10 0 DIPLOMATIC 10

« Paradoxical traits are complementary, not contradictory
» Possible to be strong in both...and both are useful

www.incose.org/symp2016



Example GE Healthcare Skill Portfolio {75
e

26 | /INCOSE
Decision Approach Opinions Edinburgh, UK

10.0 - 10.0 * July 18 - 21, 2016
_ , 23% 4o o ‘ .
8 8.0 - "‘ * * € 80 ”6’ * ’~ ’“
g , S S T * o ® P
T | 60 * ‘EB 6.0 * 5 *y
- f ¢ ¢ QO ¢
< 4.0 * 2 4 4.0

2.0 2.0 ¢

00 T T T T 1 00 T T T T 1

0.0 2.0 4.0 6.0 8.0 10.0 0.0 2.0 4.0 6.0 8.0 10.0
Intuitive Open/Reflective

* Employees are individuals
» Our SE leaders tend to be “laser logical” and “inconclusive”

www.incose.org/symp2016



Execution Monitoring Fﬁ\v’

Why do we monitor execution? 26 | 'NCOsE

Edinburgh, UK

— To improve design quality, market impact and engineering productivity Wuly 18 - 21, 2016

« Whatis an SE “Dashboard”?

— Adashboard should include early

(leading) indicators of quality, which are O
. ) : Correctlve @

easily translatable directly to actions.
— The dashboard helps you adjust real-

time during program execution... w
— A scorecard displays event based
performance vs. goals to you and
stakeholders Elements of a “Dashboard™?

www.incose.org/symp2016



Dashboard vs. Scorecard "
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26 INCOSE

Edmburgh UK
July 21, 20

Consider the difference in an auto race between

an odometer/speedometer and the standings. Scorecard
Dashboard On the car’s dashboard, the speedometer & @STANDINGS
; odometer allow the driver to take actions to best [ EIELID LIS
finish the race safety and in first place’. 2 ATV R e 2
4. JIMMIE JOHNSON 736 -
Or for the SE lead to deliver high quality CTOWSTEWART 691 -
differentiated features on time leading to satisfied [
customers. {0 CLME SO o

AFTER 21 OF 36 RACES

Both are Important!

www.incose.org/symp2016



Dashboard vs. Scorecard

As engineers, we understand this...when it is purely technical

Scorecards —
- “Goals” g 7
- Customer based 33
£38 E
gz §
gl’.
:

www.incose.org/symp2016
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Ideal

Clinical feedbacks

Controlled clinical image reviews

Moving Stent visibility
Vessel visibility w/ anatomical ph.

1Q perception by questionnaire
NEMA moving wire

NEMA low contrastvisibility

NORMI low contrastvisibility
Vis.overdyn.range  NORMI dynamic range

Image saturation ~ System resolution
Detector DQE

Artifacts  Detector Max Dose System MTF
Limiting resolution
Noise, CNR w/ phantoms Detector MTF | g D
Technique/ SF range aS Oa r S
1 H )
 Controllable ‘techniques
Low Medium High

* Internal/team focused

Quantitative, Reproducible



Example: DFSS Dashboard ffer\.
Elements of a dashboard for ‘variability’ — Design for Six Sigma 2¢ - .?N'c:se

Edinburgh, UK

| Questions | _Good/ _Attributes

Are the critical System CTQs quantify all key Trace CTQs from the marketing 9
performance criteria competitive differentiation at M3. block (not simply reuse from prior
(CTQs) defined which 10-15 CTQs at system level, 50-100 programs)
capture the key market total). Perform competitive analysis, and
differentiation and System CTQs do not don't cover all extrapolate to likely performance P, 3@
enable the elevator key parts of the marketing 9 block, at M3 with Chief Engineer (don't
speech? don't have targets, or don't have assume no market evolution) \w e
competitive data
Are they flowed down to Z-value quality targets; (typically Set and flow down targets. Ensure O
key subsystems with Z>3-4.5) the targets are realistic and

quality targets defined CTQs lack targets (limits, quality and customized to each CTQ.
confidence levels)
System CTQs are not flowed down
at least 1 level to subsystem

* Not only do you get better program control...we are trying
to get people to “think”, not just go on autopilot

* Increase the organizational learning ‘speed’

www.incose.org/symp2016



Conclusion
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« We implemented Professional Development as a ‘system’ 2@ ' INCOSE
— Did not try to optimize the components of the model Edinburgh, UK
- Tr?ed to optimize the .overall model | | sefetvenes ol Erecute |
— Tried to manage the interfaces (consistency) s my SE funcion proucing
%‘"*{ SE Skills Assessment }
* Focused on the competency model
— Formed the basis for the ‘terminology’ of the system o~

[ SE Competency

Development SE planning guideline J

— Simplified to fit the ‘capability’ of our global team

— Used “Harrison Assessment” to measure some paradoxical thinking identified as
critical in the Helix/Atlas model of SE professional development and effectiveness

» On execution monitoring, distinguished Scorecards from Dashboards
— Reinforces thinking and learning in on the job assignments

www.incose.org/symp2016



