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Briefing Purpose and Scope

• This material summarizes aspects of enterprise level adaptation and change 
management (INCOSE Agile SE Life Cycle Management [ASELCM]) of the shift to 
model-based engineering methods and reusable frameworks. 

• The technical subjects of those model-based engineering and reusable 
frameworks, as well as general organizational change management, are not 
included here (but see the References). 

• The following material assumes only limited general awareness of, but not 
expertise in, model-based engineering knowledge frameworks.  

• The purpose here is to improve understanding of how these explicit model-based 
frameworks improve necessary conditions for successful adoption of sound 
adaptive methods on a disciplined basis, and incorporation of that understanding 
into impactful planning roadmaps. 
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Abstract
1. The INCOSE Systems of Innovation Pattern is a generic analysis and planning framework 

that describes any existing or future system of engineering and life cycle management, 
from the perspective of its group learning capabilities; it is not an engineering method. 

2. It can be used to analyze model-based engineering methods, including trusted re-usable 
general models & frameworks, along with comparison to current methods and ISO15288.

3. The ASELCM INCOSE study reminded us that agile enterprise learning behavior does not 
mean absence of resistance to change—in fact, such resistance is essential to learning, as 
Thomas Kuhn reported in The Essential Tension.  We also note here another key tension.

4. This leads to recognition that hysteresis is central to effective learning, and certain key 
conditions that must be present for successful adoption of sound adaptive methods. 

5. Practical roadmaps for “Minimum Viable Products” (MVPs) navigating from a current 
state to future approaches can be described in this way, and these pragmatic plans are 
supported by insight about system-level hysteresis effects, as well as OCM principles. 5
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Strengthened Foundations for Effective Group Learning

• How groups effectively accumulate knowledge, manage its credibility, apply and share 
it--at the heart of the Systems Foundation Phenomena efforts by INCOSE.

• Leveraging the foundations of physical science, being used to update the Theoretical 
Foundations section for INCOSE Vision 2035—work already underway a year.  

6

The Model Trust 
by Groups  

Phenomenon

INCOSE VISION 2035

(Theoretical Foundations 
section, B. Schindel)

INCOSE Vision 2025 (Current)

1 of the 3 Foundation 
Phenomena described

Project announced 
at IW2020

 
 

 
 

  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 



ASELCM Pattern: Top Level

• System 1: The Target System to be engineered and managed over its life cycle. 

• System 2: Environment of System 1, including systems of engineering and life cycle 
management for System 1.  Responsible for learning about S1 and its environment.

• System 3: Environment of System 2, including systems of engineering and life cycle
management for System 2. Responsible for learning about S2 and its environment. 2

       3.  System of Innovation (SOI)

Feedback

   2.  Target System (and Component)  Life Cycle Domain System

Observations

Learnings

Deployments

Observations

Observations

Feedback

Deployments

Deployments

Observations

 1. Target System 

LC Manager of 

Target System 

 

LearningsLearning & Knowledge 

Manager for LC Managers 

of Target System 
Life Cycle Manager of 

LC Managers

 
Learning & Knowledge 

Mgr. for Target Systems 

Target 

Environment

 (Substantially all ISO15288 processes are included in all four Manager roles)

LC Management 

Environment

LC Innovation 

Environment

Observations
Specific Model

Generic Model 
(Pattern)

Apply

Learn

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 



       3.  System of Innovation (SOI)

Feedback

   2.  Target System (and Component)  Life Cycle Domain System

Observations

Learnings

Deployments

Observations

Observations

Feedback

Deployments

Deployments

Observations

 1. Target System 

LC Manager of 

Target System 

 

LearningsLearning & Knowledge 

Manager for LC Managers 

of Target System 
Life Cycle Manager of 

LC Managers

 
Learning & Knowledge 

Mgr. for Target Systems 

Target 

Environment

 (Substantially all ISO15288 processes are included in all four Manager roles)

LC Management 

Environment

LC Innovation 

Environment

Observations
Specific Model

Generic Model 
(Pattern)

Apply

Learn

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

What and whom do we trust?   Managing group learning in 
both new S1 Products and new S2 Engineering Methods
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Hysteresis, Learning, and “The Essential Tension”

• A simple magnetic core 1 bit memory  illustrates hysteresis essential to effective 
memory/retention.

• Its non-linear behavior guarantees a degree of needed stability: A core “stays” 
set at “0” or “1” until a sufficient future current flips it to the other state.

• Likewise, a human “learning” a lesson should be able to use that learning the 
next day: If “too agile”, every passing day may result in different behavior, so 
there is not enough stability to effectively accumulate and apply knowledge. 10
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Hysteresis, Learning, and “The Essential Tension”

• The very term “discipline” implies a degree of stable behavior in the face of new 
signals and disturbances.  

• However, if learning requires such stability in what is learned, then what should it take 
to “change our mind” later when a new learning opportunity occurs?

• This is Kuhn’s “essential tension”: Simultaneous ability to be open to sufficiently 
validated new information, while at the same time sufficiently resistant to change to 
assure disciplined “in paradigm” performance. (Also applies to methods!) 11
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Hysteresis, Learning, and “The Essential Tension”

• This is also where the INCOSE SE Foundations Project (see the INCOSE Patterns 
Working Group) connects to historical math/science platforms:

• Bayesian Science—how do we optimally mix what we already know with new learning?
• Model VVUQ—what does traditional quantitative model validation in the physical sciences teach 

us about math and science of model credibility? 
• Credibility Assessment Frameworks—what about the other, more subjective aspects of awarding 

our trust to a model?  
• System Level Hysteresis—what does The System Phenomenon tell us about systemic paradigms? 

About resilient recovery of previous system states in critical infrastructure system recovery? 
12
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Model Credibility Assessment Frameworks (CAFs)

13

• Generalized tree-based framework for describing why anyone (or any 
team or enterprise) has awarded a degree of trust in a model. 

• Used by US NRC and other entities. 
• Built into the  Model Characterization Pattern (MCP, or “Model 

Wrapper”)

Credibility Assessment Framework



Hysteresis, Learning, and “The Essential Tension”

• Kuhn mentioned in passing the additional “Essential Tension” aspect which is the main 
focus of work of the INCOSE MBSE Patterns Working Group:

• Individuals vs. Groups: How to optimize the shared use of what “we” already know, versus 
what “I” already know—across the Enterprise, Supply Chain, Regulated Domain, Society.

• Implications for centralization versus distribution of Engineering—related sharing 
strategies in both cases.

• Start up of collaboration with Indiana University’s Ostrom Workshop on The 
Commons—fruit of 50 years, Elinor Ostrom’s related Nobel Prize in Economics.

14

COMPARATIVE ROI
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• Pattern data as IP, and a proxy for group learning: 
• Information Debt, not just Technical Debt, as a foundation of adaptive, agile innovation.

• Patterns can be capitalized as financial assets under FASB 86.

• “Patterns as capital” changes the financial logic of project level SE “expense”

From Dove, Garlington, and Schindel, “Case Study: Agile Systems Engineering at Lockheed Martin Aeronautics 
Integrated Fighter Group”, from Proc. of INCOSE 2018 International Symposium, 2018, Washington.



Where are the Incentives? For whom? 
• If we assume the incentives for sharing information must be to individuals, then 

the asymmetry of incentives to the individuals involved should be considered:
• Testimony of engineering staff who would like it to be easier to find out about existing 

model assets they could trust to use;
• Concerns whether some engineering staff may feel that sharing their models with others 

may not be in their interest, versus others who feel it is a way for their work to have greater 
impact. 

• The engineering process produces and consumes information. 

• So, there are in all cases information producers and consumers. 

• Must the information content be generated in advance? 

• Our experience is somewhat different:
• Generating reusable patterns concurrent with projects
• Packaging pre-existing enterprise assets in more accessible “wrapped packages”, using the 

Model Characterization Pattern (MCP).

• Questions we also heard about whether new things need to be learned or 
additional work performed during an already stressed effort time  . . . 

16



Related Constructs

17

• Model Characterization Pattern (MCP) (AKA “Model Wrapper”):
• Metadata that characterizes (models) any virtual model of interest, of any 

type (FEA or CFD simulations, MBSE models, Systems Dynamics Models, 
data-driven Neural Network models, etc.).

• Becomes a universal label (wrapper) for managing large libraries of disparate 
models, as well as understanding intent, credibility and provenance of any 
model.
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Building Wrapper Metadata
• Does not need to be done in 

advance, . . . 

• But also consider priming the 
pump by wrapping model 
content you or supply chain 
already have, if it provides 
value to stakeholders.
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Domain Specific Language 
Patterns: Learning the        
“TV Guide Menu”

• How to search, select models.

• Model Wrapper describes features of any virtual model of 
any type.

• Basis for model library management, organizing model 
ecosystem across supply chains.

• Learning the TV control buttons and the guide menu 
structure: required to search for and select TV shows.

• Similarly, learning the language of an engineering domain 
is expected to work in that domain—same is true for each 
domain pattern (e.g., gas turbines, medical devices, etc.)
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Practical Implications for Enterprise Roadmaps

• Whatever strategy is selected, it can be very effectively represented using 
the ASELCM Pattern, as agile release trains of deltas to S2 Features, Roles, 
and Design Components—such a roadmap should be generated in any case.

• This also encourages creation of “internal markets” that help power what 
follows with energy and resources. You cannot push on a rope. 

• We always recommend this order of precedence:
• Information first
• Process second
• Automation last 

• Accordingly, we suggest defining some of the “MVP’s” to not require 
automation, but information. 

• We suggest creation of S1 or S2 patterns through UTP activities that are part 
of, not in advance of, application projects/programs. 

• Pay attention to the literature on general OCM, and in particular Kotter . . . 
20



• System 3 is directly related to Organizational 
Change Management (OCM) for transformation.

• System 3 and 2 together reflect John Kotter’s 
“dual operating system”  approach to leading 
change. (Kotter 2014) (Think of logical roles, in 
some case performed by same physical people.) 21
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Discussion

•

•

•

•

•

•

•
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