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A Framework of Knowledge, Skills and Attitudes 

Conductive to High Performance Engineering 
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“Systems Engineering is a transdisciplinary and

integrative approach to enable the successful

realization, use, and retirement of engineered

systems, using systems principles and concepts, and

scientific, technological, and management methods"

(International Council on Systems Engineering (INCOSE), 2019)

© Copyright INCOSE 2020
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“Systems Engineering is an interdisciplinary, collaborative approach

to the engineering of systems, of all types, that aims to capture

stakeholder needs and objectives and to transform these into a

description of a holistic, life-cycle-balanced system solution that

both satisfies the minimum requirements, and maximizes overall

project and system effectiveness according to the values of the

stakeholders.”

(Robert Halligan, 2003)

© Copyright Project Performance International 2019 
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WHAT IS SYSTEMS ENGINEERING?

© Copyright Project Performance International 2019
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THE ESSENCE OF SE:

• ensure adequate problem definition

• define possible solution alternatives

• qualify solution alternatives for feasibility & effectiveness

• develop qualified alternatives

• where justified by complexity, use logical design as an aid in developing 

physical design (i.e. model-based design)

• design through levels of abstraction – architecture and

detail

• maintain a clear distinction between problem and solution

• design through physical levels – system and subsystems

© Copyright Project Performance International 2019
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AND MORE …

• conduct trade-off studies and optimization to maximize
overall effectiveness of solution

• specify solution elements to objective adequacy

• integrate engineering specialties with technology expertise

• verify work products (correct – the product right)

• validate work products (needed – the right product)

• employ configuration management

• only do work that adds value

• manage the engineering – plan, organize, inspire, assess, control

• manage risk and opportunity.

© Copyright Project Performance International 2019 



PPI-007426-2 Slide 9 of 38

THE VALUE OF SYSTEMS ENGINEERING

Legend: PC  Project Challenge
Source: “The Business Case for Systems Engineering Study: Results of the Systems 

Engineering Effectiveness Survey”, CMU/SEI-2012-SR-009, November 2012 
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THE VALUE OF SYSTEMS ENGINEERING

http://resources.sei.cmu.ed

u/asset_files/specialreport/2

012_003_001_34067.pdf

Driver

Relationship to Performance 

(Gamma)

All Projects Lower challenge Higher challenge

SEC-Total – total deployed SE +0.49 +0.34 +0.62

SEC-PP – project planning +0.46 +0.16 +0.65

SEC-REQ – reqts. developt. & mgmt. +0.44 +0.36 +0.50

SEC-VER – verification +0.43 +0.27 +0.60

SEC-ARCH – product architecture +0.41 +0.31 +0.49

SEC-CM – configuration management +0.38 +0.22 +0.53

SEC-TRD – trade studies +0.38 +0.29 +0.43

SEC-PMC – project monitor & control +0.38 +0.27 +0.53

SEC-VAL – validation +0.33 +0.23 +0.48

SEC-PI – product integration +0.33 +0.23 +0.42

SEC-RSKM – risk management +0.21 +0.18 +0.24

SEC-IPT – integrated product teams +0.18 -0.12 +0.40

Gamma Relationship

-0.2 <| Gamma | ≤  0 Weak negative

0 ≤ | Gamma | < 0.2 Weak positive

0.2 ≤ | Gamma | < 0.3 Moderate

0.3 ≤ | Gamma | < 0.4 Strong

0.4 ≤ | Gamma | Very strong

Source: “The Business Case for Systems Engineering Study: Results of the Systems 
Engineering Effectiveness Survey”, CMU/SEI-2012-SR-009, November 2012

© Copyright Project Performance International 2019 
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• Ensure a foundation understanding and practice of SE for all engineers

• Ensure that the competencies of each engineer are matched to their role(s)

• Set objective criteria for each necessary competency

• Ensure a deep understanding and practice of SE by engineering leaders

• Ensure a strong commitment to SE by engineering managers

• Ensure an understanding of the business purpose and value of SE by project 

managers and business leaders

• A way of thinking, a way of life, a way of turning aspirations into reality

INVESTMENT IN PEOPLE

© Copyright Project Performance International 2019 
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THE INCOSE SYSTEMS ENGINEERING 

COMPETENCY FRAMEWORK

© Copyright INCOSE 2019 
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THE INCOSE SYSTEMS ENGINEERING COMPETENCY

FRAMEWORK – COMPETENCE AREAS

© Copyright INCOSE 2019 
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THE INCOSE SYSTEMS ENGINEERING COMPETENCY 
FRAMEWORK, EXAMPLE – SYSTEM ARCHITECTURE (1)

© Copyright INCOSE 2019 



PPI-007426-2 Slide 15 of 38

THE INCOSE SYSTEMS ENGINEERING COMPETENCY
FRAMEWORK, EXAMPLE – SYSTEM ARCHITECTURE (2)

© Copyright INCOSE 2019 
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ANOTHER VIEW - KEY KSA AREAS
(KNOWLEDGE-SKILLS-ATTITUDES)

1. Engineering management

2. Requirements Analysis (including MBSE in the problem domain)

3. Physical Design

4. Logical Design (MBSE in the solution domain)

5. Effectiveness Evaluation and Decision – Trade-Off Studies

6. Requirements Specification Writing

7. System Integration

8. Verification

9. Validation

© Copyright Project Performance International 2020 
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1. ENGINEERING MANAGEMENT

KNOWLEDGE SKILLS ATTITUDES

• The technologies involved

• The principles and methods 
of project management

• The principles and methods 

specific to managing 

engineering

• The principles and methods 
of SE

• The foundations of risk and 
opportunity

• Human psychology

• Planning and organising

• Measuring and applying 
corrections

• Motivating people

• Invoking confidence 

amongst stakeholders in 

the engineering work

• Applying the principles and 

methods specific to 
managing engineering

• Risk and opportunity 
management, including 

requirements-related risk 

and the engineering 

overhead/design complexity 

tradeoff

• Alignment with the business 

purpose and context of the 
engineering

• Respect for technical 
expertise

• Results orientation

• Willingness to delegate 
tasks

• Focus on issues not 
personalities

• Emotional intelligence

• An attitude to risk and 
opportunity aligned to that 

of the organization

© Copyright Project Performance International 2020
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SYSTEMS ENGINEERING –

BASIC PROCESS ELEMENTS

SYSTEMS ENGINEERING MANAGEMENT

ENGINEERING SPECIALTY INTEGRATION

VERIFICATION & VALIDATION

SYSTEM
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DESCRIPTION
OF SYSTEM
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EVALUATION 

AND DECISION
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PHYSICAL 
SOLUTION 

DESCRIPTION

DEVELOP
LOGICAL

SOLUTION
DESCRIPTION

ANALYSIS OF 
REQUIREMENTS 
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A A OR

Architectural design, followed by detailing of the selected architecture
Raising of 

Requirements Issues

WHAT

WHAT
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SE-ENGINEERING MANAGEMENT-PM 

RELATIONSHIP

© Copyright Project Performance International 2020 
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THE PROJECT BREAKDOWN STRUCTURE 

(PBS/WBS)

Legend:
  Boundary of scope of an Integrated Product Team

  Cross-team membership

  Schedule: start and finish

DSTV - Developmental Space Technology Vehicle

ECS - Environmental Control System

FCS - Flight Control System

FO - Fitout

I & A - Integration & Assembly

ILS - Integrated Logistics Support

N & CS - Navigation & Communication System

OI - Operating Instructions

PS - Propulsion System

PSTV - Production STV

SD - System Design

SF - Spaceframe

SRA - System Requirements Analysis

STV - Space Technology Vehicle (STV)

 

PPI-005163-4

© Copyright Project Performance (Australia) Pty Ltd 2012-2015

Project

Management

STV

PROJECT

STV

ILS

Initial Op

Training

$ time

STV

Production

Facility

Crew

Training

System

Passenger

Training

Simulator

$$$ $ $$$ $

$$$$ $

4 STV

Delivery

Aircraft

PSTV

Delivery

Systems 

Engineering

$

Insurance

$$$$

SF PS N & CS FCS FOSRA SD OI I & A

$

ECS

Prod’n

STV(4)

DSTV

No 2

DSTV

No 1

Flight

Test

$

Qual.

Test

$

Incremental

Cert.

$ $ $$ $$

time

© Copyright Project Performance International 2020 



PPI-007426-2 Slide 21 of 38

INSIDE AN INTEGRATED PRODUCT TEAM

• A multi-disciplinary, cross-functional, stake holder-focussed team solely 
responsible for taking a product from need to delivery

• Knowledge, skills and attitudes of the team members are complementary

Stake-

holder

needs

Product to

customer /

higher level

team

Functional
Reps

Specialists

Subteam
Leaders

Other IPT
Members

IPT
Leader

Customer

© Copyright Project Performance International 2020 
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2. REQUIREMENTS ANALYSIS

KNOWLEDGE SKILLS ATTITUDES

• History and role of RA in 
project outcomes

• Parameters that define "the 

problem"

• Fundamentals of risk and 

its management

• Principles and methods of 

RA

• The application domain(s) 
for the item subject to RA

• Applying the principles and 
methods of RA

• Identifying defects in 

requirements

• Distinguishing and 

switching thinking between 
problem and solution 
domains

• Measuring requirements 

quality

• Human verbal 

communication

• Writing individual 

requirements

• Development of verification 

requirements

• Respect for the owners of 
requirements

• Acceptance of 

approximation and 
incompleteness of 

requirements for ‘adequacy’ 

over ‘perfection’

• Attention to detail, subject 

to adequacy

• Motivation to ensure that 

the thing that needed is the 
thing that is developed

© Copyright Project Performance International 2020 
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OCD:  operational concept description (CONUSE)
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SyRS:  system requirements specification
VM:  value (or system/software effectiveness) model
VRS:  verification requirements specification
PPI-005499-4

is a restatement of

traces to/from
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Legend:
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REQUIREMENTS ANALYSIS

(CAPTURE AND VALIDATION)

METHODOLOGY

SRA System Requirements Analysis

S/H Stakeholder

DEV Development

OCD Operational Concept Description (CONUSE)

ERA Entity Relationship Attribute

 Perform only if there are initial specified 

requirements as an input to the analysis.*
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REQUIREMENTS QUALITY AND 

REQUIREMENTS ANALYSIS EFFORT
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CONSIDER MOEs & GOALS, NOT ONLY 

REQUIREMENTS

MOEs
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Project Performance International

VALUE (SYSTEM EFFECTIVENESS) MODEL

Legend:
Pri: Priority
Pts: Points
UF: Utility Function
PPI-006799-6     
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3. PHYSICAL DESIGN

KNOWLEDGE SKILLS ATTITUDES

• The problem domain

• Relevant solution 
technologies

• Problem-solving principles 
and techniques

• Understanding of risk and 
the influence of risk in 

design

• Understanding that design 

creates requirements on 

solution elements

• The design overhead / 
complexity trade-off

• Distinguishing and 
switching thinking between 

problem and solution 

domains

• Creating and innovating to 

develop candidate solutions

• Strong mathematical skills

• Explaining designs verbally 

and in writing

• Creating sound 

requirements on solution 

elements integral to sound 
design

• Respect for owners of 
requirements

• Focus on designing to meet 

requirements

• Focus on maximizing value 

to stakeholders

• Attention to detail

• Constructive response to 

questions/criticism

• Willingness to raise 

requirements issues with 
stakeholders

• Seeing design as a "team 

sport"

© Copyright Project Performance International 2020 
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4. LOGICAL DESIGN

KNOWLEDGE SKILLS ATTITUDES

• All the knowledge required 
for physical design

• Types of logic, especially 

functional and state

• Principles and methods of 

logical design

• Relevant modeling

languages and relevant 

software tools

• Understanding that logical 

design enables correct and 

effective physical design

• All the skills required for 
physical design

• Applying principles and 

methods of logical design

• Using relevant software 

tools

• Judging or estimating the 

cost-benefit of logical 

design – the engineering 

overhead/design complexity 

trade-off

• All the attitudes required for 
physical design

• Seeing MBSE as a means 

to an end, not an end in 
itself

• A willingness to accept 
approximation and 
incompleteness in logical 

design

© Copyright Project Performance International 2020 
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PPI-006694-18

© Copyright Project Performance (Australia) Pty Ltd 1996-2017
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Project Performance International

(TRANSITION TO SCUTTLED STATE AND SCUTTLE FUNCTIONS)

PHYSICAL AND LOGICAL DESIGN 

- EXAMPLE

© Copyright Project Performance International 2020 



PPI-007426-2 Slide 31 of 38

5. EFFECTIVENESS EVALUATION 

AND DECISION

KNOWLEDGE SKILLS IN ATTITUDES

• The role of effectiveness 

evaluation of design, and of 
design decision-making, 

within SE

• The methods of 

characterization of design 
alternatives w.r.t. MOEs

• Understanding of the 

concept of "expected value"

• Principles and methods of 

effectiveness evaluation 

and design decision making

• Understanding of risk and 

opportunity

• Applying the principles and 

methods of effectiveness 
evaluation of design, and 

design decision-making

• Risk analysis

• Combining risk and 
opportunity

• Methods of characterizing 

design alternatives w.r.t. 
MOEs

• Analysis of effectiveness 
data to identify options for 
design improvement

• Focus on maximizing the 

expected value to 
stakeholders

• Respect for the right of 
owners of the problem to 

define their values

• Comfort with the concept 

that a good decision can 

lead to bad results

• Patience in explaining 

rationales for decisions 

made

© Copyright Project Performance International 2020
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Document Number: P006-003868-1
© Copyright Project Performance (Australia) Pty Ltd 2007
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6. REQUIREMENTS SPECIFICATION WRITING

KNOWLEDGE SKILLS ATTITUDES

• The types of 

requirements/goals

• The principles of writing 

individual requirements

• The principles of 

requirements specification 
structure for each type of 

requirements subject

• The subject matter of the 

requirements/goals

• Alternative means of 
expressing requirements 
and their application

• Applying the principles and 

methods of requirements 
writing to individual 

requirements

• Identifying and relating 

types of requirements to 
placement in a 
requirements specification

• General natural language 
skills

• Skills in expressing 

requirements in alternatives 
to natural language.

• Attention to detail

• Willingness to raise issues 
when defects in 

requirements are 
discovered

• Willingness to accept and 
respond to constructive 

criticism of specified 

requirements and of the 
requirements specification

• User-focus in selecting the 

means of requirements 
expression

© Copyright Project Performance International 2020 
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7. SYSTEM INTEGRATION

KNOWLEDGE SKILLS ATTITUDES

• The principles and methods 
of system integration

• The different integration 
strategies and their 

application

• The technologies that are 
subject to the integration

• Tools and test equipment to 
be used in the integration

• Reading, understanding and 
acting upon an integration 

plan

• Diagnosing unwanted 

behaviours in various 
aggregates created in 
system integration

• Clearly and meticulously 
recording actions taken and 

effects observed

• Desire to discover and take 
action on problems 

encountered

• Attention to detail, 

including the keeping of SI 
records meticulously up-to-
date

• Willingness to raise issues

© Copyright Project Performance International 2020
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8. VERIFICATION

KNOWLEDGE SKILLS ATTITUDES

• The principles and methods 
of verification of 
requirements, design, 

subsystems, system and 
other work products

• Tools, test equipment and 
software that can be used 

in verification

• Technologies related to the 
item being verified

• Understanding of the 
cost/risk reduction trade-off 
in performing verification

• Reading, understanding 
and acting on verification 
procedures

• Communicating 

constructively with the 

person whose work product 
is to be verified

• Clearly and accurately 

recording verification results

• Tact

• Desire to find and 
communicate defects 
discovered in verification

• Objectivity 

• Attention to detail

• Willingness to record and 
discuss any concerns of the 
stakeholders

• Focus on issues, not 

competencies or motives

• Concern with defect 

discovery and reporting, not 
defect correction

© Copyright Project Performance International 2020 
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9. VALIDATION

KNOWLEDGE SKILLS ATTITUDES 

• The principles and methods 
of validation of 
requirements, design, 

subsystems, system and 
other work products

• The artifacts that can be 
used in validation 

• The application of the item 

being validated

• An understanding of the 

cost/risk reduction trade-off 
in performing validation

• Reading, understanding 
and acting on validation 
procedures

• Communicating 
constructively with product  

developers and other 
stakeholders

• Clearly and accurately 

recording validation results

• Tact

• Desire to find and act upon 
problems within the scope 
of the validation

• Objectivity

• Attention to detail 

• Willingness to record and 
discuss any concerns of the 
stakeholders

• Focus on issues, not 
competencies or motives

• Concern with defect 

discovery and reporting, not 
correction

© Copyright Project Performance International 2020 
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VERIFICATION AND VALIDATION 

© Copyright Project Performance International 2020 

WEDGE MODEL
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May you succeed in your 
endeavours beyond your wildest 

dreams through outstanding 
competence of the engineers who 

govern success. 

Robert Halligan

rhalligan@ppi-int.com

+61 3 9876 7345

linkedin.com/in/roberthalligan

mailto:rhalligan@ppi-int.com
http://www.ppi-int.com/

