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Problem Statement

Develop systems framework that holistically
captures wider context of customer needs
assessment
Demonstrate that actionable solutions for
implementation can be developed via a case : :

Addressing professional development

study of INCOSE's Professional Development needs of prospective professionals,

(PD) Initiative students and individuals who are involved
in endeavors that straddle systems
engineering

Unstructured,

complex and Action research

p\;gglueem method of inquiry

situations . SpeC|f|c attributes (Rosenhead & Mingers, 2001)
Multiple stakeholders and perspectives
Variety of uncertainties

Conflicting interests
Significant intangibles
Systemic-pluralist problem situation
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Research Purpose N

« Address situations with conflicting interests and perspectives

* Present a new methodology (SSM-TRIZ)
* Apply methodology to Professional Development case study.
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Overview of relevant PSMs

Notable Problem Structuring Methods (Belton and Stewart 2010, p. 218 & J. Mingers 2011, p.733)

S Method | pescription | Theoreical Foundation

Uses rich pictures, CATWOE, root definitions and conceptual *
models to explore the issue from several different perspectives.

Soft Systems
Methodology (SSM)

Strategic Options

Development and
Analysis (SODA)

Strategic Choice Analysis
(SCA)

Testing (SAST)

Critical Systems
Heuristics (CSH)

Hypergames, Metagames
and Drama Theory

Robustness Analysis

Interactive Planning

Beginning with a process of idea generation, seeks to capture °
and structure the complexity of an issue reflected by multiple

perspectives.

Four modes — Shaping, Designing, Comparing,

Choosing. *

Focuses on key uncertainties (about related areas, environment
and values) and analysis of interconnected decision options.

ST [[FE g [ L B Used to challenge deeply held assumptions by surfacing then ¢

and challenging them with their opposites.

Used to challenge the boundaries drawn up to circumscribe the ¢

focus of planning or design.

Appropriate in multi-party contexts, where the outcome is ¢
dependent on the inter-dependent actions of the parties — seeks

to identify stable options.

Focuses on identifying options which perform well in all possible ¢

futures.

Used to assist participants design a desirable future for their °

organization and bring it about.
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Churchman'’s dialectical inquiry
Vickers’ social processes
Interpretive sociology.

Kelly’s psychological theory of
‘personal constructs’

Planning philosophy and
methodologies

Churchman’s dialectical
approach

Churchman'’s dialectical
approach

Habermas’s critical theory
Game Theory

Decision analysis and planning
methodologies

Pragmatism and systems
theory



Soft Systems Methodology Process

7

Action to improve
the problem

situation

1
Situation considered
problematical

6
Changes:
systemically desirable
culturally feasible

2
Problem situation
expressed

5
Comparison of models
and the real world

\ Real world

Systems thinking
about the real
world

3
Root definitions of
relevant purposeful
activity systems

Conceptual models of the
relevant systems (holons)
named in the root

definitions

Learning cycle of Soft Systems Methodology (Jackson, Michael C. 2003)
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TRIZ (Theory of Inventive Problem Solving)

MAIN STAGES

FProbiem fdenification

Redefine
Problem

Saafrrion mof fonuema

>l

Stage 1: Problem Defimition

- Situation analysis

- Problem modelimng

- Problem formulation
'3 Recult analysis

I

Sitage 2: Problem Hesolution
- Contradiction analysis
- Convtradiction eliminatson

New prablem oocurs

Solution fournd

Stage 3: Solution Evaluation

- Formmulate ideal solutiomn
- Priortese sdeas
- Formmulate local
Cconstraints
'3 Refine ideas
w

Selecred Solnitoens

TRIZ TOOLBOX

Problem Formulator
Tool-Object-Product
Functron Modeling
Substance-Ficld Analysis

40 Inventrve Prnciples
4 Separation Pronciples
76 Standard Solutions
AR

Ide=al Final Resuls

TRIZ Problem solving model (Zhai, Chang and Tan 2005)
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Strengths And Weaknesses Of SSM And TRIZ: Opportunities For Synergy &

L U
N [ P,
T T2

‘y

| _Method | Strengths |  Weaknesses
e Provides holistic understanding of e Does not provide firm guidelines toward
problem from systemic perspective uncovering why problems occur
e Integrates various perspectives of e Does not proffer a mechanism/tool for
different actors involved in resolving resolving contradictions, which are at the
problem. heart of conflicting interests’ problems

e |deality thinking is not part toolbox as the aim
of resolution is towards rejecting
compromise(s).

e Discourages hard system thinking
approaches in most cases unless worldviews
have been collapsed into one.

Tools for problem definition do not

e Breaks problems into discovering inherent

contradictions that provide clues for encompass a holistic appreciation of the
solutions issue at hand
e Embraces concept of ideality e Resolution process is based on perspective
e Possesses contradiction resolution of problem-solver instead of embracing
techniques (40 inventive principles, ARIZ, perspectives of other principal actors.

separation techniques, etc.)

e Encourages further pursuit of hard
thinking approaches for definitive solution
implementations.
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PROPOSED METHODOLOGY: SSM-TRIZ STAGES (mr o

o
VZ)

‘y

um
) 4 T .
i

1. Unstructured
Problem Situation

6. Seeking feasible &
desirable changes

7. Implementation

. Further enhanced cultural analysis
on solution. -
. Further hard-thinking approaches?

2. Expression of Problem
Situation
. Root Cause analysis . Rich Picture
of problem situation

. Discovery of
contradictions

to ldeality
. Ideal Final Result {IFR}
. Solution Evaluation

3. Root Definitiens of
relevant purposeful activity
system for conflicting

interest problem

. Contradiction analysis . CATWOE

4. Conceptual models of
the relevant system

. Contradiction analysis
. Functional model

diagram
\ Systems Thinking
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Phases Of SSM-TRIZ Methodology

Conceptual Evaluation,
model, Function irzzllee(r::li(e)gt:\]’:i]gn
Rich all AR of solutions
Pictures, dlagra.m,_ Ideal based on further
Root Contrad/gtlon = enhanced
Cause anal_ySIs R itural Ivsi
. e esult cultural analysis,
Analysis ques, IER —
diagram CAIAOIS ( ) considerations
etc.
Perception Root definition Comparison Seeking
of Problem and Conceptual of models to feasible and
Situation model of |deality desirable
relevant system changes
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APPLICATION: INCOSE CASE STUDY a2

International Council on Systems Engineering (INCOSE): Largest professional
organization committed to the development and advancement of Systems Engineers

INCOSE objective: create value for individuals and corporate bodies by increasing
proficiency of global systems engineering workforce.

Vision: facilitate engagement between suppliers and consumers of systems
engineering professional development.

Solution approach: provide comprehensive professional development capability
through an integrated web-based portal.

Potential benefits
— Increased competency among systems engineering practitioners

— Quantitative competency tracking

— Service analytics and reviews

— Promotion of general interest in systems engineering
— Increased revenue for INCOSE
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Unstructured Problem Situation

« INCOSE has had issues pinpointing the needs of prospective
professionals who are involved in the SE space, need more SE
education but are not associated with the organization.

« The major question has been about figuring how to elicit the ‘pains’
of this market segment concerning education and training,
certification, knowledge products and other aspects of the value

stream without in an inexpensive manner.
« Unlike existing/current INCOSE members, there is no information on

prospective members in the SE space.
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Phase 1: Perception of problem situation

INCOSE
Professional
Development
Steering Group

Fieh

* Competency
Framewaork

Integrated
Professional
Development
Online Platform

Independent Government gualified 8K
Education oraduates &
Suppliers professionals

INCOSE Existing partners

S )

Altract

Train quality
SE graduates

Academia

CAEB Companies

Internal INCOSE Groups

Certification
INCOSE CAB Woarking Group
Training Warking Other Working

Group Groups

i

Market Segments

Continuous
SE training &

development

il

o0
oA

Existing INCOSE
members

Complex systems?
Affordable SE
Ecucation &
Training? Valuable

certification?

abn.dnig
g1l &
Prospective SE

Practitioners and
Service Users

Rich Picture of INCOSE’s Current Professional Development Situation
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8. Boost INCOSE |L 9. Boost INCOSE Il 10. Increased IL 12. Useful key needs| + :?c::scng d::: 22 |—
——— membership and proficiency of SE 11. Ignorant about | - data feeds into PD ! \
popularity practitioners INCOSE and/or SE online platform Target markek
/ / development i
4 Developing | + \
impactful PD online 5. Conformanceto | +- 7.0btaining sizeable| +-
olatform INCOSE standards of requirements data from
practice B TArgekissees are nof| = subset target market
/ associated with INCOSE
} - I 2. Value étream for| + 3 Target market | +-
= e i prospective users segment requirements
4] A P elicitation
“ w’ M\U ‘ /
— 1. Prospective users’| +-

requirements

[

Who are the likely
perspective SE service
users and their needs?

Root Cause effect chain for profit generation.
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Phase 2: Root definition & Conceptual model of
relevant system

Conduct more
intensive market
analysis for customer

Appreciate SE
market for
Professional
Develcpment

segmentation

Develop and test
use cases and
online platform

Develop
learning
offerings

versions

Ccollaborate with

independent SE
educational providers

Collaborate with

CAB companies on
practical experience

and academia

Establish
mentorship
framework

opportunities

Roll cut beta
version for
online platform

Conceptual model for purposeful activity system
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Mapping of Conceptual Model to Function Analysis

Diagram

AgprecateSE
marketfor

professonal

development

Conductmore
intensive market

analysisfor customer
segentation

Learning
fferings
development

Progrssveuse-
cseand platform
development &

testing

Colaboration ith
independent SE

educatonal roviders
&acadeia

Mentorship
framework
establishment

Colaboration vith
cABcompanies on
prctcal experience
ofeings

Roll out beta.
versonfor
onie platforn

Conceptual mode

. O
CAB Companies & g
¥ <
\ K

20X

SE e

s —
partne INCOSE

SE Educational
providers & academia

!
provide ‘s
&
= Integrated
QL B
] £ Online
ducation S platform
& training
X
O
Nl

Practical SE
experience

Working
groups

Learning
offerings

Software
developers

Competency
assessment

SE — Systems Engineering
PDSG — Professional Development Steering Group
CAB — Corporate Advisory Board

Function Analysis Diagram
www.incose.org/symp2019
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CATWOE Elements
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Contradiction Analysis ﬁ\

« Contradiction is the presence of conflicting elements, features or solutions.

Contradictions with ‘+-’ signs from the root cause effect chain diagram were reviewed and
one of them selected for analysis in this study.

Selected contradiction is:

‘Useful key needs data will enrich PD service development during platform development but
there are no accessible data on the target market segment'.

Contradictions can be subdivided into element, settings and condition.
For selected contradiction,

— Element: PD service development.

— Setting A: Useful key needs data feeds into platform development.
— Setting B: No accessible data on target market segment.

— Condition A: online platform development.

— Condition B: requirements gathering.

www.incose.org/symp2019 18



Contradiction A, e
. [Must critical conditions Yes technique's method
Analysis contd... Gy it
. g . Mo
Contradiction separation
techniques and logical e T
sequences from (Must resolution permit Yon technique's method
. mt'"gw'ﬂ." “th".g iy of resolution
opensourcetriz.com used to ending with setting B?
resolve contradiction .
Separate in Space Apply separation
mnﬂm mﬁi?;ld;sﬁng No ’- technique's method
B in space?) of resolution

Yeg

Jr"f Stop sequence. Apply part;\ \
Yes —"i and whole separation '
' method of resolution /

G 8

Separate between parts and whole
(Should either setting A or setting B
be minimized to solve the problem?

!

Contradiction resolution flowchart
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Contradiction Analysis contd...

Resulting separating techniques evaluated to arrive at adequate separation technique

Does Contradiction pass separation technique test?

Separation Technique v (YES) x (NO)
Time v x
Gradually v
Space %
Parts and Whole X

www.incose.org/symp2019
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Phase 3: Comparison of models to Ideality ivn.2’

Contradiction statement was resolved using the separation by time and gradually techniques.

Solution strategy from separation by gradually technique is the method of repeated use and is
below as solution 1:

Solution 1: INCOSE can obtain useful key needs data that enrich PD service development
during platform development when there are no accessible data on the target market segment
by identifying professional disciplines from the target market segment (not associated with
INCOSE) and obtaining available public data concerning professional needs of the practitioners
that can be resolved using SE domain knowledge..

«  Solution strategy from separation by time technique is the separation on condition method and
is below as solution 2:

Solution 2: INCOSE can collaborate with established PD organizations such as PMI in gathering
PD needs of professionals from disciplines that apply activities closely related, intertwined or
can be improved with SE. Since organizations such as PMI has these data not available to
INCOSE, this contradiction is resolved

« |deality ideal resolution for our studied contradiction is for INCOSE to offer an array of quality
platform courses online without incurring costs of course delivery.

«  Solution Evaluation Constraints: Cost, Time and Ease of Implementation
« Solution 1 is selected ahead of solution 2 based on these constraints.
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Phase 4: Seeking feasible and desirable changes e

Selected solution statement: INCOSE can obtain useful key needs data that enrich PD service
development during platform development when there are no accessible data on the target market
segment by identifying professional disciplines from the target market segment (not associated with
INCOSE) and obtaining available public data concerning professional needs of the practitioners that can
be resolved using SE domain knowledge.

«  Further hard systems thinking approaches are needed for a definitive implementation of the selected
solution.

 How do we achieve the selected solution statement?
— Firstly, there is a need to identify disciplines that overlap with SE

— An option is business analysis (BA) which intersects a lot with SE in its activities, and whose
practitioners can apply some SE knowledge and practice in resolving their various PD needs

Refined Solution Statement. INCOSE can obtain useful key needs data that enrich PD service
development during platform development when there are no accessible data on the target market
segment by identifying professional disciplines from the target market segment (not associated with
INCOSE) and obtaining available public data concerning professional needs of the practitioners that can
be resolved using SE domain knowledge. INCOSE can obtain user-generated data and glean key
professional requirements and needs from available BA online forums.
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FURTHER HARD APPROAGHES o

Solution statements are the result of the SSM-TRIZ approach. However, there are
applicable situations that require definite solutions for implementation

quantitative methods of inquiry are required to extract key phrases and topics that can
provide insights into developing the online platform tool.

One of such methods is text mining which is a process of extract interesting and significant
patterns to explore knowledge from textual data sources (Fan, et al. 20006)

Text Mining steps employed for this study:

— Collection of unstructured data: almost 3000 threads were extracted from
modernanalyst.com with python scripting language

— Text processing and transformation: JMP software using bag of words approach

— Feature selection and latent semantic analysis: Removal of redundant features and
Document Term Matrix (DTM) operations such as Singular Vector Decomposition (SVD).

Results revealed key phrases and terms in the Business Analysis space congruent with

Systems Engineering. Topical analysis of results provides central topics similar to INCOSE
PD initiative.
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Resuit output from text mining

4 Term and Phrase Lists

Term
business
requirements
ba

analyst
project
use

new
analysis
one
system
like
process
experience
work
cases
need

job
working
years
company
data
software
time
management
please

systems

4 v\ Text Explorer for Posts

1 Modern_analyst_ NEW - Text Explorer of Posts - JMP Pro

Number Number Total Tokens Number of Non-
of Terms of Cases Tokens per Case
13650 2695 334133 123.983

Count

553
538

modern analyst
paper source

Portion Non-
empty Cases empty per Case
2684 0.9959
Phrase
2951 business analyst
1884 use cases
1697 business analysis
1312 :I business process
1084 ::I business analysts
101N business requirements
996 ]! | systems analyst
800/ ] functional requirements
853 ::l requirements gathering
836 i business rules
sl | project management
813 [0 greatly appreciated
814 ::I user stories
sl ¢ currently working
mE business processes
704 0] project manager
622 :l software development
6o i years of experience
60 i business systems
sor il | please let
582 :' . information systems
56308 requirements management
s61 00 | textindent
—
_
o
N :

490

requirements document

Count N
79
520
393
162
145
120
m
110
109

90
90
7
77
75
72
n
n
66
66
59
56
55
55
54
53
52
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Top key-phrases, terms & word cloud
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4 Top Loadings by Topic

Topic 2 Topic 3 Topic 4 Topic 5
Term Loading Term Loading Term Loading Term Loading
pecple 0.43100 system 0.67997  years 0.55003 plan 0.69122
even 0.42718 cases 0.64039 experience 0.51711 management 0.65363
like 0.41497 use 0.61604 career 0.43069 documents 0.62241
time 0.37874 users 0.60416 analyst 0.40498 project 0.53276
one 0.35783 requirements 0.56928 working 0.399486 change 0.50248
well 0.34766 stakeholders 0.53795 worked 0.39556 document 0.451486
make 0.244517 user 0.51918 ba 0.38549 documentation 0.45051
ask 0.33756 design 0.44960 degree 0.34091 model 0.44207
far 0.32469 functicnal 0.44657 skills 0.32854 envircnment 0.44021
say 0.32273 needs 0.34802  job 0.31201 report 0.35182
things 0.32057 scope 0.32304 work 0.20966 may 0.34791
questions 0.31702 software 0.30703 background 0.30168 risk 0.32940
look 0.21513 advice 0.29887 testing 0.32348
go 0.30236 currently 0.29532
scmecne 0.30037 move 0.28657
good 0.29771
done 0.29702
Topic 6 Topic 7 Topic 8 Topic 9 Topic 10
Term Loading Term Loading Term Loading Term Loading Term Loading
data 0.520332 agile 0.67748 university 0.78429 knowledge 0.52917 community 0.2942
models 0.48397 development 0.57760 specific 0.62162 industry 0.51683 site 0.3909
customer 0.47159 software 0.44920 related 0.59545 please 0.43311 risk 0.2413
moedeling 0.40685 changes 0.44202 engineering 0.58014 answer 0.42573 resources 0.2164
sales 0.39364 quality 0.43121 techniques 0.56889 study 0.38325 tool -0.2024
order 0.35013 technology 0.33723 full 0.53983 one 0.33260 needs 0.2924
develop 0.34017 various 0.21880 skills 0.46828 ba 0.33223 available 0.2816
organizaticn 0.34149 developers 0.21274 training 0.46235 important 0.33215 may 0.2688
business 0.31732 place 0.20078 include 0.33280 questicn 0.30719 certification 0.2666
processes 0.31727 weorld 0.30074 courses 0.32683 give 0.30663 excel -0.2588
tools 0.29167 see 0.29188 ideas 0.27953 mba 0.30612 used -0.2462
understand 0.28440 great 0.28009 another 0.30201 another -0.2461

Topical clustering of thread posts
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CONCLUSIONS AND FUTURE RESEARCH ‘i

Conclusions

— Results revealed key phrases and terms in the Business Analysis space congruent with
Systems Engineering. Topical analysis of results provides central topics similar to INCOSE
PD initiative.

— Solution statements are the result of the SSM-TRIZ approach. However, there are
applicable situations that require definite solutions for implementation

— SSM-TRIZ transforms unstructured business problems into structured soft solutions that
can expose questions that could be easily solved quantitatively.

— Insight gleaned from INCOSE PD application case study support platform design concept
and enhance suitability for intended market segment

— TRIZ does not provide definite solution implementations for technical and business
problems

« Can be supplemented with quantitative methods.
Future Research
* Further case studies needed to enhance SSM-TRIZ methodology

. _I%glr%irical and deductive studies to quantitatively assess effectiveness and performance of
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Disclaimer: The conclusions and recommendations for the

application case study expressed in this paper are those of

the author and do not necessarily reflect the positions of the
International Council on Systems Engineering (INCOSE).
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QUESTIONS
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