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Digital Engineering Measurement Framework - Project Overview and Timeline
2020

AIA EMC Project Plan
§ Refined list of DE metrics serving as Key Performance 

Indicators for program execution, and model health
§ Detailed descriptions of each metric, traceable to SE metrics, 

quality, & requirements volatility 

Leverage partner resources and assets

• Front matter (concepts, terms, …)
• Information Needs (ICM Table)
• Measurement specifications

2021

Objectives
• Define industry consensus measurement framework for DE, MBSE
• Align measures with business information needs for project execution 

and organizational performance improvement.

Follow PSM process to define 
DE measurement framework

• Practical Software and Systems Measurement (PSM)
Continuous Iterative Development Measurement Framework

• SERC / INCOSE / NDIA MBSE Maturity Survey
• SERC DE metrics research (SERC-2020-SR-003, SERC-2020-TR-002)
• Systems Engineering Leading Indicators Guide
• DoD Digital Engineering Strategy

• Aligned with ISO/IEC/IEEE 15939 
measurement process standard

Initial Measurement Specifications
• Architecture Completeness and Volatility
• Model Traceability
• Product Size
• DE Anomalies
• Adaptability and Rework
• Product Automation
• Deployment Lead Time
• Runtime Performance

2022
Initial framework draft for review (Jan 2022)

V1.0 Publication release (May 2022)

Team product development

http://www.psmsc.com/DEMeasurement.asp

Established collaborative WG (9/14/20)
(PSM, NDIA, INCOSE, AIA, SERC, Aerospace, OUSD R&E, …)

https://www.psmsc.com/CIDMeasurement.asp
https://sercuarc.org/results-of-the-serc-incose-ndia-mbse-maturity-survey-are-in/
https://sercuarc.org/wp-content/uploads/2020/06/SERC-SR-2020-003-DE-Metrics-Summary-Report-6-2020.pdf
https://sercuarc.org/wp-content/uploads/2020/06/SERC-TR-2020-002-DE-Metrics-6-8-2020.pdf
https://www.psmsc.com/Downloads/Other/SELI-Guide-Rev2-01292010-Industry.pdf
https://www.psmsc.com/Downloads/Other/SELI-Guide-Rev2-01292010-Industry.pdf
http://www.psmsc.com/DEMeasurement.asp
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Lack of effective DE/MBSE measures has been an inhibitor to digital transformation
Substantiated by DoD SERC research

https://sercuarc.org/results-of-the-serc-incose-ndia-mbse-maturity-survey-are-in/

Summary Report Task Order WRT-1001: Digital Engineering Metrics Supporting Technical Report
(SERC-2020-SR-003)
Task Order WRT-1001: Digital Engineering Metrics Technical Report (SERC-2020-TR-002)

Benchmarking the Benefits and Current Maturity of Model-Based Systems 
Engineering across the Enterprise (SERC-2020-SR-001)

https://sercuarc.org/results-of-the-serc-incose-ndia-mbse-maturity-survey-are-in/
https://sercuarc.org/wp-content/uploads/2020/06/SERC-SR-2020-003-DE-Metrics-Summary-Report-6-2020.pdf
https://sercuarc.org/wp-content/uploads/2020/06/SERC-TR-2020-002-DE-Metrics-6-8-2020.pdf
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INCOSE Model-Based Capabilities Matrix
• Released January 2020 by INCOSE
• Framework for assessing 

organizational maturity
Model-Based 

Capability Stages Stage 0 Stage 1 Stage 2 Stage 3 Stage 4

Tools & IT Infrastructure

Collaboration
E-mail, 
telecom.

System Model 
File Exchange.

Various organizations 
working on different parts 
of model.  Full model 
integrated by a single 
organizations.  

Partial On-line, real-time 
collaboration amongst 
distributed teams

On-line, real-time collaboration 
amongst distributed teams

Disparate 
Database/Tool 
interoperability None

Tool-to-Tool, ad 
hoc 
interoperability

Partial Federated Database 
Management System 
(FDBMS)

Main tools interoperable.  
Supporting tools interact 
through file transfer.

Fully Federated w/ standard 
"plug-and-play" interfaces.  Data 
is interchanged among tools

Inter-Database/Tool 
Data Item Associations 

Databases/too
ls are 
independent

Inter-
Database/Tool 
Data Item 
associations 
defined

Inter-Database/Tool Data 
Item associations defined, 
captured, managed

Inter-Database/Tool Data 
Item associations among all 
data items defined, 
captured, managed, and 
traceable

Inter-Database/Tool Data Item 
associations among all data 
items defined, captured, 
managed, and traceable where 
changes in one data source 
alerts owners of other data 
sources of intended updates

User IF, 
Viewpoint/Views N/A Doc Gen UI draws from Model app

UI draws from multiple 
models/DBs

UI supports Interrogation; 
multiple configs 
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Download 
the Results https://sercuarc.org/results-of-the-

serc-incose-ndia-mbse-maturity-
survey-are-in/

https://sercuarc.org/results-of-the-serc-incose-ndia-mbse-maturity-survey-are-in/
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MBSE Survey Overview
Topics Summary of Survey Questions
7. Model 
Sharing and 
Reuse

19. Teams establish, share, reuse org model libraries
20. Org interface around models for stakeholder use
21. Shared models used to consistently manage 

programs across lifecycle
22. Q: org implementation for data/model discovery, reuse?

8. Modeling 
Environments

23. Modeling environment security
24. Modeling environment protects IP
25. Cross-discipline processes for tools, data 

interoperability
26. Q: value from collaborating on models across disciplines

9. 
Organizationa
l 
Implementati
on

27. Q: most challenging org obstacles for MBSE?
28. Q: Best organizational enablers for MBSE?
29. Q: Biggest changes our org needs forMBSE?

10. 
Workforce

30. Organization defined critical roles to support MBSE
31. Q: Top MBSE roles in your organization?
32. Org staffing adequate to fill MBSE-related roles?

11. MBSE 
Skills

33. Defined critical skills for MBSE
34. Q: The most critical skills for MBSE?

12. 
Demographics

Organizational size, domain, MBSE experience

Topics Summary of Survey Questions
1. MBSE 
Usage

1. MBSE strategy documented at enterprise level
2. MBSE processes & tools integrated, inform enterprise 

staff
3. Q: Primary value of cross-functional MBSE integration?

2. Model 
Manage-
ment

4. Taxonomy for modeling across organization
5. Well-defined processes/tools for model management.
6. Standard org guidance for model management/tools
7. Q: Business value from consistent model management?

3. 
Technical 
Manage-
ment

8. Modeling basis for enterprise org processes
9. MBSE process support for technical reviews
10. Q: Value of MBSE (or digital engrg) in technical reviews?

4. Metrics 11. Modeling provides measurable improvement across 
projects

12. Consistent metrics across programs/enterprise?
13. Q: Most useful metrics?

5. Model 
Quality

14. Defined processes/tools for V&V of models
15. Defined processes/tools for data/model quality 

assurance

6. Data 
Manage-
ment

16. Org approach for data interface between tools
17. Data managed independent of tools for portability
18. Q: Data management roles/processes?

Survey content is derived from the draft INCOSE Digital Engineering Capabilities Definition
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Overall Survey Scores
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1. Mature use strategy
2. Mature process/tool stategies
4. Consistent lexicon & taxonomy across enterprise
5. Mature Model Management Processes
6. Standard Program & Business Guidance for Models
8. Models are the basis for Technical Processes
9. MBSE is the basis for Technical Reviews
11. Modeling provides measurable improvements
12. Have consistent metrics across enterprise
14. Consistent data/model V&V processes
15. Consistent data/model QA processes
16. Processes to manage data interface between tools
17. Data is portable across organizations & tools
19. Support model libraries for model reuse
20. Libraries support discoverable knowledge
21. Consistent use of shared models
23. Trust that environment is secure
24. Trust that environment protects IP
25. Have processes for tool selection & interoperability
30. Have clearly defined roles supporting MBSE
32. Have sufficient staffing for all roles
33. Have defined critical skills supporting MBSE
35. Training is linked to critical skills

MBSE Usage

Model 
Management

Technical
Management

Metrics

Model Quality

Data 
Management

Model Sharing
& Reuse

Modeling
Environment

Workforce

MBSE Skills
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DE Metrics Survey Result

Consistent across 
all experience 

levels
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Literature Review Results

• Searched papers that mention a benefit of MBSE and 
what the source of that benefit was: measured gains, 
observed gains, perceived gains (no source for benefit), 
reference.
ØTotal Papers that mention MBSE: 847
§ Papers that mention benefits: 360
oMeasured gains: 2
oObserved gains: 27
oPerceived gains: 236
oReference: 114
oMisc.: 2

*Kaitlin Henderson (VT) PhD studies

Survey Preview: Metrics
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Top Cited DE Benefits Areas from Literature and Survey Results
Key metrics:
• Increased traceability
• Reduced defects/errors
• Reduced time
• Improved consistency of processes & models
• Increased capacity for reuse
• Higher level of support for automation
• Better communication & information sharing



N O V E M B E R  1 6|

Top-cited Adoption Metrics
Obstacles vs. Enablers vs. Changes

Key metrics:
• Availability & maturity of DE/MBSE methods & processes
• Training
• Willingness to use DE/MBSE tools
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Summary: Top DE Metrics Areas
(>10 citations) Category Most Cited Benefits Survey Lit Review

Quality

Reduce Cost 5.5% 5.5%
Reduce Defects/Errors/Rework 4.2% 1.3%
Increased Traceability 3.7% 8.4%
Higher Level of Support for Integration 3.1% 1.2%
Improved System Quality 3.1% 4.6%

Velocity/Agility

Improved Consistency 7.5% 6.0%
Reduce Time 6.8% 4.8%
Improved Capacity for Reuse 6.6% 5.5%
Increased Efficiency 4.4% 1.8%
Improved Collaboration 2.9% 0.8%

User Experience
Improved System Understanding 6.4% 3.7%
Better Manage Complexity 2.0% 5.6%

Knowledge Transfer
Better Accessibility of Information 6.4% 3.6%
Better Communication/ Information Sharing 6.4% 10.9%

Adoption

Methods/Processes 8.0% *
Roles/Skills, People Willing to Use 6.8% *

Leadership support/Commitment 5.5% *
Training/Tools, People Willing to Use 4.4% *
Change Management Process Design 3.1% *

*not assessed in lit review
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Causal Analysis for Measurement Model

• Causal Analysis of benefits 
and adoption data

• Link primary benefits to 
measures

• Used to scope detailed 
measurement specifications

Copyright 2017 • Virginia Tech • All Rights Reserved

Primary
Benefits

Secondary
Benefit
Metrics

Secondary
Adoption
Metrics
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Develop Causal Links

• Starting nodes for causal map: benefits that can be directly influenced 
by improving MBSE capabilities/ features

Direct Benefits Definition
Higher level support for 
automation

Use of tools and methods that automate previously manual tasks and 
decisions

Early V&V Moving tasks into earlier development phases that would have 
required effort in later phases

Reusability Reusing existing data, models, and knowledge in new development
Increased traceability Formally linking requirements, design, test, etc. through models
Strengthened testing Using data and models to increase test coverage in any phase
Better accessibility of 
information (ASOT)

Increasing access to digital data and models to more people involved in 
program decisions

Higher level support for 
integration

Using data and models to support both the integration of information 
and system integration tasks

Multiple viewpoints of 
model

Presentation of data and models in the language and context of those 
that need access
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Example Causal Pathway

Tools, Methods 
& processes

Taxonomy, 
ontology, 
libraries

Better 
accessibility of 

information

Easier (effort, 
time) to make 

changes

Reduce effort, 
Reduce time

Reduce cost, 
Reduce 

schedule

Maturity of 
DE 

Infrastructure

Development 
of ASOT

Primary 
Benefit

Primary 
causal benefit 

metric

Measurement 
Specification

Related 
Outcome 
Metrics

People willing 
to use tools

Leading 
Indicator

Information Category
Process Performance 
-> Process Efficiency

Specifications:
Defect Resolution
Rework

Enablers
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PSM measures are derived from business information needs

Based on objectives and issues from the 
project or enterprise levels

• Objective - a project goal or requirement
• Issue - an area of concern that could 

impact the achievement of an objective, 
including risks, problems, and lack of 
information 

See Framework for more informationPSM Practical Software and Systems Measurement, www.psmsc.com 

Information 
Needs

Entities Attribute Attribute

IndicatorInterpretation

Information
Product

Derived
Measure

Derived
Measure

Analysis
Model

Base
Measure

Base
Measure

Measurement
Function

Estimate or evaluation that 
provides a basis for decision 
making

Algorithm combining 
measures and decision 
criteria

Quantity defined 
as a function of 
two or more 
measures

Algorithm combining two or more
base measures 

A measure of a single attribute
by a specific method 

Measurement
Method

Measurement
Method

Operations quantifying an
attribute against a scale

Property relevant to
information needs

Measurement
Information Model

Measures should provide insight into 
project or enterprise information needs 

to support decision-making

http://www.psmsc.org/
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Defects and Cycle Time

It is the goal of agile full 
systems engineering to 
continuously iterate 
and contain defects 
into earlier and earlier 
developmental phases

Defects
Cycle time
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Example Measurement Information Model – Anomalies

Digital engineering 
measures and indicators 

are specified in a 
structured template 

aligned with the PSM 
Measurement 

Information Model



PRACTICAL SOFTWARE AND SYSTEMS MEASUREMENT

19DE Measurement Framework v1.0 Unclassified: Distribution Statement A: Approved for Public Release; Distribution is Unlimited

Unclassified

Example Measurement Specification (Excerpts)
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Digital Engineering Measurement Framework – Example Indicators
Architecture Completeness and Volatility

Is the architecture complete to proceed with design?

Model Traceability

What is the traceability and coverage of model elements?

Product Size (Model Elements)

What is the size and scope for the DE project or product?

DE Anomalies

Are we finding and removing anomalies earlier using DE? Is product quality adequate to be used in subsequent phases?

Adaptability and Rework

How much rework is for planned and unplanned changes?
Details
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Digital Engineering Measurement Framework – Example Indicators

Product Automation

What percentage of artifacts are automatically model-generated?

Deployment Lead Time

How long does it take to deploy an identified capability?

Runtime Performance

What is the likelihood performance will meet operational needs?

Excerpts only from DE measurement specifications. Some specs have multiple sample indicators. See framework Section 8 - Measurement Specifications for details.

Details
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Much appreciation to the many individuals and 
organizations that supported development of the 

V1.0 Digital Engineering Measurement Framework!
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Support to Systems Engineering

• The Systems Engineering Leading Indicators Guide, published by INCOSE, identified a set of measures to 
assess the effectiveness of the systems engineering process. Despite the maturity of these indicators, few 
complete examples of actual measurement exist, primarily due to the lack of tools that can quantitatively 
track these measures. 

• Important quantitative measures supporting selected leading indicators include:
• Requirements Trends: Model Traceability, Functional Architecture Completeness & Volatility
• System Definition Change Backlog Trends: Rework, Effort, Efficiency
• Interface Trends: Model Traceability, Functional Architecture Completeness & Volatility
• Requirements Verification & Validation Trends: Deployment Lead Time, Efficiency
• Work Product Approval Trends: Number of Model Views/Artifacts, Deployment Lead Time
• Review Action Closure Trends: Model Review Item Discrepancies
• Defect & Error Trends: Defect Detection, Defect Resolution, Rework
• Technical Measurement Trends: ASOT Frequency of Access
• Architecture Trends: Functional Architecture Completeness and Volatility, Functional Correctness, 

Product Size
• Cost & Schedule Pressure: Efficiency, Rework, Deployment Lead Time

Massachusetts Institute of Technology, INCOSE, and PSM, Systems Engineering Leading Indicators Guide, v. 2.0, International Council on Systems Engineering, 2010.
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Validating  DE Measures

• very few developmental and sustainment programs that are implementing a formal 
measurement program, and fewer are publishing results 

• U.S. Navy Submarine Warfare 
Federated Tactical Systems (SWFTS) 
program used for initial metrics 
framework validation

• SWFTS quantified these primary 
benefits: Increased Traceability, 
Early V&V and Strengthened Testing, 
Support for Integration, 
and Automation. 

Rogers, E. and Mitchell, S., “Submarine Warfare 
Federated Tactical Systems (SWFTS) program,” 
Systems Engineering, 2021: 1-24
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- DE measures for the enterprise
- Measure breadth of usability and user experience with digital tools
- Measure return on investment
- Measure additional productivity indicators related to velocity and agility
- Measure additional indicators that isolate new value to the enterprise through DE, in 

areas such as quality and knowledge transfer
- Measure enterprise and personnel process adoption
- Measure usability and user experience with digital tools
- Supportability and maintainability measures (impact assessment agility)
- Measures for security
- Identify typical digital artifacts
- Specify leading indicators

Where do we go from here?

Plan to start Framework 2.0 development activity this November
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THANK YOU
Stay connected with us online.
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